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Summary

The present report is the result of 6 months study realized for the first phase of preliminary
assessment of the "Forestry GIS project”. The project is a collaboration between Innoprise

Corporation and CIRAD-forét for the implementation of a Geographic Information System
on the Yayasan Sabah concession.

The study concentrates first on a "preliminary assessment prior to the GIS
implementation”. Three main areas of activities should be covered by the GIS : Primary
forest, Secondary forest and Plantation. ICSB needs more particularly a system to gather
and display up-to-date information, and to produce maps easily and quickly. A need of
demonstration has also been raised. According to the forest activities of the concession and
the needs, 8 main objectives are proposed

-Demo to present the concession and its activities
-Demo on a Reduce Impact Logging project
-Concession progress consultation

-Road network management

-Preparation of coupe in Primary forest
-Logged-over forest management

-Plantation management

-Support to research

The description of the data available and their quality allow to foresee the possible technical
difficulties of implementation. The GIS should be organized from a main system based in
the headquarter of Innoprise and monitored by an independent GIS team. Two other
modules, more or less independent from the main system, could be developed later
according to the equipment available: an Executive Information System to be handled by
senior management for the purpose of demonstration and fast progress consultation, and a
localized GIS for local management such as for Rattan plantation in Luasong.

For a first step of implementation, a solution with 2 PC 486 has been proposed. However,
upgrading the system to workstation is desirable for a GIS on the whole concession.
Moreover, satellite imagery should be a very interesting source of data for the system and
must be envisaged later. Two pilot areas have been chosen to start the project on small
scale: The Luasong project area and The Ulu Segama Forest Reserve. In the chapter
"detailed information for the pilot project”, the study proposes 6 objectives with expected
outputs and gives the detail of the necessary data to be captured. Finally, the study
proposes a planning of implementation for the pilot project that should be achieved quickly,
between 6 months to 1 year.



INTRODUCTION

Geographic Information System are computer-based systems that are used to
store and manipulate geographic information. This technology has developed
rapidly over the past two decades and is now accepted as an essential tool for the
effective use of geographic information.

Forestry is typically an area of activities which involves many geographic
information. Examples of GIS implementation in temperate forests exist already
but the introduction of such a system for the management of tropical forest is
still a new experience.

In this context, the "Forestry GIS project” has been launched as a collaborative
project between Innoprise Corporation Sdn. Bhd. (Malaysia) and CIRAD-forét
(France). The purpose is to implement a GIS for the management of the
Yayasan Sabah forestry concession, which covers almost 1 million ha in Sabah,
Borneo.
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I. INTRODUCTION TO THE GEOGRAPHIC INFORMATION SYSTEM
(GIS)

1. The Concept of Geographic Information System
1.1 Geographic information

Geographic Information refers to any information related to one point or a group of points
spatially referenced on earth: natural resource distribution (soil, water, vegetation),
administrative boundaries, location of roads, networks, building and even statistical data.
Geographic information is very important for those who have to manage an area or objects
scattered in this area.

1.2 Maps

Maps are the main way to display geographic information. The most common map is the
topographic map which display the main elements of landscape like rivers, roads,
building, vegetation. But other kinds of map are necessary to provide information on
specific theme, the thematic map, for geology, soils, land capabilities,... Maps are not
only a descriptive tool, they help in management decision making.

But maps printed on paper have some drawbacks:
map edition is time consuming and costly.
to be easily legible, a map cannot display too much information at once.

the map is a static vision of reality. Once it is printed, it will not evolve until the
next updating. Some maps are already outdated when they are printed, thisis a
very important problem for those who have to manage a fast moving world.

no analysis can be easily undertaken if one wants to use data from different
maps at the same time, especially when it is not the same scale.

Today, needs in geographic information go most often to documents quickly available, up
to date and adapted to a specific purpose. Traditional maps do not respond to these new
requirements.

1.3 GIS

Progress in computer technology have allowed people to digitize geographic information
and to manage it with computer. Gradually, computers proved to be a very useful tool to
assist map production and spatial analysis. Thus, was born in the 60s the concept of
Geographic Information System (GIS).

GIS are computer based systems used to store, manage and manipulate georeferenced
information. They gather geographical data, which can be drawn and descriptive
data, which represent qualitative information corresponding to the geographical data.



1.4 GIS and Remote Sensing

Remotely sensed information have proved to be very efficient and useful source of data,
especially to follow evolutive phenomenon such as deforestation, forest fires, erosion. The
most common remotely sensed information are the aerial photos but a new technology has
developed rapidly that offers more possibilities : the satellite imagery.

Specific softwares have been developed for the processing of these new data and for a
short time, connected with Geographic Information System. The trend is nowadays to mix
satellite image processing with geographic analysis, characteristic of the GIS, in only one
system.

1.5 GIS applications

The size of GIS, in terms of computer equipment, staff, spatial extent and data number
varies greatly from one application to another. But beyond these differences, 4 main types
of application can be distinguished. In order of increasing complexity:

Cartography

Management

Analysis

Modelisation

A GIS must be considered as a model of the real world that allows to
elaborate, to test and to chose scenarios of actions.

2. Components of a GIS: from the concept to the reality

Four different components can be distinguished in a GIS : data input, data management,
data manipulation and analysis, and data output.

2.1 Data input

It is the procedure of encoding data into a computer readable-form and writing the data to
the GIS data base. Data input can be carried out by different ways :

. Input of spatial data

- Keyboard entry : the coordinates of the points (in vector model) or cells ( in raster
model) are captured manually on the keyboard.

- Manual digitizing : the map whose features have to be captured is affixed to a
digitizing table and a pointing device is used to trace the features. The digitizing table
electronically encodes the position of the pointing device. It uses the vector model of
representation. The accuracy depends on the number of points encoded and the skill of the
operator. The process of tracing lines is time consuming and error prone but it requires few
equipment: one computer, that can be separated from the system monitoring the database, is
enough.
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- Scanning : in scanning a digital image of a map is produced by moving an electronic
detector across the map surface. It uses the raster model of representation. Itis a fast and
automatic way of digitizing, interesting for the acquisition of a great number of data. But it
requires equipment (that can be shared) and more sophisticated softwares.

- Existing data : capturing data can be carried out by transferring existing files (after
purchase or exchange). This is especially the way to input remote sensing data.

. Input of attribute data

- Keyboard entry : database management systems are often more suitable than GIS
for this task. Data are captured separately from the GIS and transferred afterwards.

- Existing data : programs can be achieved to extract data from an existing file and to
transfer them to the GIS.

If the data and their quality are an important aspect of the data input component of the GIS,
the database design is fundamental. The way the data are structured (data structure) and the
way files can be related to each other (organization of the database) influence the way in
which data could be retrieved and the speed of the retrieval. It depends on the short and
long term objectives of the user. A specialist is required for this design.

Data input procedure is said to be one of the most time consuming and the
most expensive stage in the implementation of a GIS. Thus, it must not be
under-estimated.

2.2 Data Management

The data management component of a GIS includes the functions of any data base
management systems:

- Storage it requires to take into account the size of the memory
needed.

- Data edition to correct the mistakes of the database.

- Updating to add new information

- Retrieval of data the retrieval of information can be done either by an

exhaustive consultation of files, or by making queries. There
are two different types of query (fig. I.1) :

- to ask for the attribute data of an object whose location
is known,

- to ask for the location of objects according to some
specific characteristics.

- Back-up highly necessary to avoid to lose some data when a large
amount is captured.
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2.3 Data manipulation and analysis

These functions make the difference between GIS and other information systems. A GIS
has especially the following possibilities (fig. 1.2):

e Measurement functions :

distance between two points alongside a segment or an arc, perimeters
calculation of areas

calculation of volume (cuts and fills)

direction of a segment and angle between two segments

» C(Classification or aggregation functions :
They allow to classify polygons according to a special criteria and merge them.

» Overlay operations :
Two kinds of overlay operations can be distinguished. Arithmetic overlays
include operations such as addition, subtraction, division and multiplication of
each value in a data layer by the value in the corresponding location in a second

data layer. Logical overlays involve finding those areas where a specified set of
conditions occur together.

» Neighborhood operations :

These operations are based on the spatial connection between objects. Among
many operations, we can mention the following ones:

definition of buffer zones around polygons, or corridors around arcs.
assessment, from one point, of all the nearest points having special
characteristic.

Computation of the slope from contours by means of a Digital Terrain
Model.

Interpolation and contourage.

2.4 Data output

The information of a GIS can be output in different forms. In list or tables, figures or
graphs, or in maps. The GIS has all the necessary tools to choose the area to be
represented, to adjust the scale, to create symbols and legend or to add text. Some GIS
modules can also provide 3.D image or a set of images for animation.
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3. GIS and forestry

Although not specifically designed for forestry, the functional capabilities of GIS have been
successfully implemented in variety of forest management organization.

Forestry encompasses the management of a wide range of information and the need for
more and more accuracy in these information increase the number of data to be stored and
managed. Hence the interest of forestry companies or agencies for computer assisted
system of database management. Moreover the needs for specific maps production have
led to the use of Computer Assisted Design softwares. In that way, the GIS, gathering and

managing both descriptive and georeferenced data seems to be a very promising tool for
forestry.

The following examples of application come from different cases of GIS implemented on
temperate forests.

Inventory data management
Aninventory gather typically both descriptive data like diameter, height, species and spatial
data for the location of stands. Descriptive data are collected on the field while stand limits
can be established by aerial photos or satellite imagery. GIS might be viewed merely as an
advanced tool for maintaining a computer based forest inventory and providing information
in a table or map form. (MURPHY, 1990).

Harvest scheduling
The inventory is the basis for production planning. It provides the assessment of the
resource available and determine directly the planning of the coupe or silvicultural
treatment. The interest of the GIS is its capabilities to assist the programming of field

operations, taking into account the spatial distribution of the stands (ERDLET & JORDAN
G. 1984).

Figure 1.3, the rule states the oldest stands must be harvested first to minimize mortality
and maximize growth which means sorting stands in decreasing order of volume loss.
Stands to be harvested during a period are chosen from the top of the sorted queue, until
accumulated volume equals annual harvest level. A numeric period indication is attributed
to each stand. Finally, a map provides location and harvest period for each stand.

The figure 1.4 shows how to use the GIS for the following step in the scheduling. A

harvest schedule map is produced to take into consideration accessibility of stands as well
as harvest priority.

Transportation planning

A procedure might be programmed to produce a map highlighting the distribution of
hauling costs (fig. L.5).



-COVER-TYPE tAAP

EA

RCCLASSIFY ANOD AGGREGATE
S COVER-TYPE INTO
1OAD AND OF FFIONAY

OFFROAUD

OFFFROAD

()

HAULING COSTS
AS A FUNCTION

o8
ROAD CLASS

ELASS I——"n
CEASOI ——
CLASS S ===

(lll)

RECLASSIFIY
AND AGGREGATE
HAULING COSTS
INTO
ECONOMSIC ZONES

NN\ |

Unecnomce -
Bieak Even - [ )
Lol ol G

(v)

Fig.I.5 : The GIS for transportation planning

Fig.l.4

The GIS for harvest scheduling

COVER-TYPE 1.IAP

RECLASSIFY
STANO ATTRIBUTES INTO
HARVE STING
PRIORITY

NOAD HETV/ORK

OFFROAD

=

!
OFfrrioA0
L

ACCESSICILITY ZONES
AS A FUNCITION OF
IAAXILIUASL FORWARDING
DISTANCE

T0

NCARLST ICAD

HARVEST PRIOAITY

OVER(AY HARVE ST PRIOCAITY
ARD ACCESSIAILITY : THEN
RCCILASSIFY TO ISOLATE
ST1At'DS TO BE HAFMVESTED

W

LctEsslnlLHY




These examples give a general view of the capabilities of a GIS in forestry. GIS
proves to be a very precious tool, from a technical point of view, for map production,
calculation or modelisation possibilities, as well as from a general management point of
view with the possibilities to manipulate an up-to-date data base.

Satellite imagery provides an additional interest to GIS in forestry : aerial photos quickly
become obsolete and they are cost-prohibitive when rephotographing is needed often.
Remote sensing proved a very interesting tool for prestratification of forest areas into
broad cover type classes and even to differentiate different classes of yield. Remote sensing
is also used very efficiently to monitor changes in infrastructures or in the forest
resource (BARKER & ROBINSON, 1982).

Conclusion :

Recent advances in computer hardware and software have brought GIS technology
to a state where it is of practical and monetary appeal. All this explains the growing interest
of forestry agencies for this new technology. GIS has been experimented and implemented
successfully in many cases in temperate forest areas. But there are still few examples in
tropical countries. Attempts to use GIS for natural resources management multiply in these
areas but it seems that few organization have really an operational system yet. In Asia,
there is no example of forest concession managed with a GIS.

Forestry, and Forest management in general, is different in temperate and tropical
countries. Most often, tropical ecosystems are more complex, less information are
available and with less accuracy. Most probably the GIS application described previously
could not be applied the same way. The implementation of a GIS in an Asian forest
concession is thus a very new experience. With a GIS possibly complemented with remote
sensing technology, we can expect a net improvement of the mastery of this environment.
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II. THE FORESTRY GIS PROJECT

1. Presentation of the project
The forestry GIS project is a collaborative project between the following two partners:

- Innoprise Corporation Sdn Bhd (ICSB):

Malaysian company which has to manage an approximately 1 million ha forest
concession attributed for 100 years, in order to generate the funds necessary to the state
organization Sabah Foundation (Yayasan Sabah).

- CIRAD-Forét:
French organization specialized in research and development in tropical forests.

The aim of the project is to jointly develop on the Yayasan Sabah Concession a Geographic
Information System meeting the specific needs in resource management, planning and
monitoring of a forest company.

2. Interest of the project

A forestry GIS, possibly connected with satellite imagery has first a technical interest. As
described previously the possibilities of these tools in terms of data management and
analysis and in terms of map production are now essential for the management of such a
big area.

Moreover the ecological preoccupations of the international community lead nowadays to
promote a sustainable management of natural resource and more particularly of tropical
forests with safeguard of environment and a rational way of logging. GIS technology, well
designed and adapted to the specific needs of forestry should be a good tool to take into
account these recommendations.

3. Presentation of the study

The project is planned in two parts:
a first phase of 6 months for a preliminary study of assessment
a second phase of 2 years for the implementation
The present report is the result of the first phase. The purpose is to prepare the
implementation of the GIS by gathering and defining all the necessary elements for it :
assessment of the needs of ICSB in terms of forestry management.
definition of objectives.
assessment of the data available or needed.
definition of pilot areas to start the project on small scale.
definition of the equipment and the staff needed.
Recommendations and planning for the following steps.
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III. ASSESSMENT PRIOR TO THE GIS IMPLEMENTATION

1. Context of implementation

Yayasan Sabah is a statutory organization whose mission is to improve the quality of life
and education of the people of Sabah. ICSB has been founded as the investment arm of
Yayasan Sabah to generate the necessary fund to support its activities. The main source of
revenue comes from the exploitation of a forest concession of approximately 1 million ha
attributed for 100 years (fig. III.1) Rakyat Berjaya (RBJ) is the forest management arm
of ICSB.

A long term management plan was produced for the years 1984-2032 by RBJ. The aims of
this plan can be summarized into two major points:

Maintaining, in perpetuity a productive resource base for the production of
timber and other forest products economically justified.

Conservation of bio-diversity and protection of environment.

In that way, three different areas of activity are currently developed on the Yayasan Sabah
concession : natural forest management, forest development and conservation.

1.1 Natural Forest Management

Logging :

Only first growth forests are currently being cut. Logging operations are carried out by
contract loggers with tractor logging as the most common method used. Around 20,000 ha
are logged every year. An important aspect of the management in this area of activity is to
locate and delimit the next logging areas and to assess the expectable production through an
inventory. The harvesting of a coupe must be planned up to 5 years in advance in order to
carry out the survey of the coupe boundaries, the pre-felling inventory and to get the
official coupe permit after submission to the Forestry Department.

Logged over forest management
Although the remaining area of virgin forests can still allow harvesting for decades, ICSB
tries from now on to take into account reharvesting possibilities of logged over forest areas.
The present silvicultural system in Sabah is the Malayan Uniform System (MUS) with a
theoretical rotation of 60 years. It means that this kind of forest should not be reharvested
until 60 years after the first harvest but it actually depends on the intensity and the quality of
the logging operations, and on the regenerating capabilities of the site concerned.

ICSB currently carry out inventories to improve the knowledge of the quality of the
remaining stand. The Linear Regeneration Sampling (LRS) provides information in terms
of stock and gives recommendation of silvicultural treatments. Moreover, an attempt to
distinguish and delimit the different stands by photo interpretation has been carried out on
two pilot projects.

10
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Projects of new methods of logging
Usual logging activities with tractors cause much damage on the residual forest stand and
lessen the regeneration possibilities of the forest. An attempt is made now to improve the
quality of harvesting with new methods such as pre-planning of skid-trails or directional
felling. Two projects have been launched locally, to test these methods of Reduce Impact
Logging (RIL) : one by the New England Power company (NEP) and one by the Swedish
University of Agricultural Science (SUAS), (fig.I11.2).

1.2 Forest Development

The aim of forest development is to improve the value of logged over forests. The most
important project currently developed by ICSB is an enrichment plantation of Rattan and
high value timber trees based in the Luasong Forestry Center. The aim of the project is to
cover 40 000 ha at the rate of 3000 ha /year. 7000 ha have already been planted. The
Luasong Forestry Center is also a major center of research for plant improvement and seed
production.

ICSB is also developing a project of enrichment planting of logged over areas with local
species in collaboration with the FACE Foundation (Forest absorbing carbon dioxide
Emission). The aim of this project is to cover 25 000 ha.

Moreover, ICSB intends to undertake an important project of development based on the
Taliwas center in the region of Lahad Datu. The target is mainly to implement enrichment
plantation or large scale plantation on poorly stocked area and to develop tourism activities.
Finally, there are some possibilities of large scale forest plantation in the Ulu Segama
Forest Reserve (10,000 ha) and in Bongaya Forest Reserve (30,000 ha).

1.3 Conservation

More than 80,000 ha of virgin forest have been set aside as forest conservation area:
Danum valley and Maliau basin. A camp established on the boundary of Danum Valley ,
the Danum Valley Field Center, provides accommodations and basic laboratory facilities for
scientists and other visitors. Furthermore, other areas are set aside in the concession:
riparian reserves and water catchment areas to cut back on erosion and siltation risks, virgin
jungle reserves and other special reserves for such heritage as waterfall, Rafflesias etc.

The extent of the Yayasan Sabah concession hasled to share all the forest activities between
4 regions : Tawau, Lahad Datu, Sandakan and Keningau. Moreover, most of the
information are centralized in the Headquarter of RBJ in Kota Kinabalu. The main
management decision are made in this last mentioned office.
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2. Identification of GIS applications

As mentioned by S. ARONOFF!, there is a tendency for the principal use of an
information system to evolve. New technology tends first to be used to perform the tasks
in the "old" way. Later, as familiarity is gained, new ways of providing the same functions
are developed and finally, new functions are found that take full advantage of the new
technology.

At this level of the project we can, thus, give suggestions of objectives and
applications, and guidelines for the organization of the GIS but we can
expect that progressively, new needs and objectives will arise as the
familiarity with the GIS possibilities is acquired.

All the activities of ICSB previously described are summarized in 3 major areas:
natural forest management, forest development and conservation. The conservation
activities do not involve many geographic information and no GIS application is envisaged
for the moment. Natural forest management and forest development can represent
2 main domains of applications. They involve the management of 3 different forest areas :
primary forest, secondary forest and plantations. In that way, we can propose the
following applications.

2.1 Natural forest management and planning.
A. General Consultation

The first interest of the GIS is merely to provide an instant picture of the whole concession.
The GIS must provide an up-to-date progress map with all the characteristics of the logged
over areas, the remaining virgin forests, the reserves and conservation areas,... It involves
the basic functions of retrieval and display of the GIS. This is a basic but fundamental tool
of monitoring and management of the concession. An important aspect of map production
is required. Especially, an efficient and fast production of up-to-date map is
expected from the GIS. At this level, the GIS could be used moreover for a purpose of
demonstration to present the concession.

The following points are particularly important to be taken into account in the GIS:

- Block and compartment
The annual area of coupe is divided in blocks or coupes of approximately 1000 ha and each
block is subdivided in compartments of approximately 200 ha. All the area logged by
ICSB is therefore shared in blocks and compartments. The compartment is the basic
forestry unit.

Many descriptive data are available for each; the GIS would be interesting to provide only a
summary, especially for the following data:

Identification data: : these are basic information such as area, block or
compartment number, coupe permit number, contractor's name, year of
coupe, etc. They are fundamental references for the management.

1 ARONOFF 8. : Geographic Information Systems : a management perspective
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Logging data : before logging, a pre-felling inventory is undertaken to
assess the number of trees, the expectable volume, by species and by
diameter class for each compartment. After logging, data for number of
logs volume actually extracted by species and grades can be obtained for
a particular time interval and for each compartment.

- Road network

The road network is another fundamental point in the management of the concession, since
it influences the access to the resource. Information on the quality of the network is
important for the maintenance: road class (main, secondary or feeder road), date of
construction, and of the last maintenance, number of bridges, their location and their type
(wood, concrete or steel), number of culverts. This kind of information will be also
essential to re-use and renew the abandoned network for a second harvest for example.
Another interesting aspect is the road status (private or government road) and permission or
approvals required to use them. For that reason, it would be interesting to take into account
the road network outside the concession up to dumping sites on rivers ( Pangkalan) or
mills. The GIS will be very useful to gather and monitor all these information which have
been so far stored in different files.

Remote sensing should be an interesting mean to support the management of these
points. Especially, we can expect of it accurate limits on harvesting progress and a fast
updating of the road network. Remote sensing could be used moreover to monitor shifting
cultivation in. the concession or the extent of fires. Otherwise , the GPS is also very
interesting to provide accurate location and would be helpful to support survey activities.

B. Forest management and planning

The following applications involve more particularly the capabilities of a GIS for analysis
and modelisation.

- In primary forest

- Classification of areas according to their slope by means of a Digital Terrain
Model (DTM) is fundamental. Common logging operations with tractors cannot be
achieved if the slope is too steep. If thisisthe case other methods such as skyline can be
recommended. Otherwise the area can be classified as unworkable with the present logging
methods.

- Delimitation of buffer zones is required around roads and rivers in the logging
areas to prevent erosion and subsequent pollution or degradation.

- Calculation of areas : Area is the key-parameter in forestry.The remaining area to be

logged is the basis of forestry planning, the actual exploitable area is the basis of calculation
for volume estimation.

13



The GIS, by taking into account all this geographic entities, (unworkable areas, reserves,
bufferzones, watercatchment, ...) should be interesting to monitor the concession space,
and particularly to delimit and locate the annual allowable coupe (AAC). In the new
methods of logging promoted by the NEP and the SUAS project, the harvest is inadvisable
below a certain slope in order to avoid erosion. Moreover the skid-trail network is
designed to minimize the density and to avoid river crossing : the GIS might be utilized to
prepare the coupe or to plan skid-trails if these methods are applied on large scale.

- Calculation of distance : The distance involves the economical component of the
logging; the distance from the coupe to pangkalans or mills determines directly the
transportation costs. It influences the choice of the grade or the species to be harvested so
that the logging is profitable.

- In logged-over forest

Primary forests can be considered homogeneous without having important impacts on the
production but the secondary forest is a mosaic of degraded, high stocked areas and many
different intermediate situation according to the initial stock of the area and the equipment
used for the logging. To prepare a coupe planning or to decide of appropriate treatments to
be given to this type of forest, it is thereby important to be able to distinguish the different
stands and to know their quality in terms of remaining stock and potential production.

- LRS inventory data :

Currently, the main information on the logged over forest come from the LRS inventory.
This LRS inventory estimates the remaining stock of the forest after logging, taking into
account the importance of seedlings and saplings and the volume of remaining trees.
Moreover an algorithm has been established to modelise the growth of this stock versus
time. The estimation of the potential volume is calculated until 80 years after the inventory
is done.

The LRS inventory is carried out to know whether silvicultural input is needed to enhance
the future yield of the compartments if this one is below the average yield of 70 m3/ha. But
the LRS estimation can also be used as a basis to plan a second coupe by giving priority to
the blocks according to the expected yield. Nevertheless, LRS data are only available as an
average of a whole coupe and sometimes only by compartment. It does not take into
account the different stands, hence the two projects to delimit stands from aerial photo
interpretation.

- Remote sensing :

There are still few information on the logged over area and the existing information are
rather rough. The use of GIS cannot be envisaged on large scale for the time being but
there is most probably a very good potential of management for a GIS, especially if
completed with remote sensing. If the distinction of stands in secondary forests proves
satisfactory with satellite imagery then, it will be very interesting to alleviate the lack of up-
to-date photos and to provide a more accurate analysis. Moreover, remote sensing could
follow the growth of the stands and, linked to a GIS provide a very accurate coupe
planning of logged over forests. The RADAR technology has also been mentioned as a
very efficient tool for remote sensing, especially in cloudy areas. It could be particularly
interesting for this country where clear satellite images are difficult to obtain. Nevertheless,
this technology is still of the domain of research.

14



2.2 Forest Development

The GIS can be helpful for the management of vast plantation areas. It is interesting for
different purposes.

- Consultation

The manager must have at its disposal all the characteristics of the plantation. On one hand,
the spatial component - again the GIS must include the limits of the plots planted and
provide up-to-date information on the road network-, on the other hand, the descriptive
component which includes plantation data such as species planted, number of plants, date
of plantation, loss.....

- Planning :

The plantations must be maintained regularly by silvicultural treatments such as row
slashing, weeding or shade adjustment. These treatments must be carried out at a particular
moment in the growth of plants and regularly. They are theoretically planned in advance.
The GIS can monitor the date and the location of all these operations. Moreover, the GIS
can plan the production. This is especially straightforward for the rattan: rotation is about
15 years for big canes or about 8 years for small ones and the growth rate is known
approximately. With these data, the GIS can be used easily to estimate the production
expected and prepare a coupe planning.

- Location of the most suitable areas to be planted :

The plantation projects have started recently and many other areas still remain to be planted.
It could be interesting to locate the most suitable areas for this purpose or to give
recommendation for the most suitable species in an area. A GIS is an appropriate tool for
that, providing that a correlation can be established between plantation performance and
some geographic parameters, and providing that the maps representing these parameters
can be accurate enough at the plantation scale. Research are currently carried out on that
purpose but no correlation are available yet.

- Support to research :

For the establishment of the correlations ; the GIS could provide localized information
for different kinds of map (soils, land capabilities, slopes,...) or complex maps by
overlaying these information.
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OBJECTIVES

1-Demo concession

2-Demo Reduce Impact Logging

3-Concession progress consultation

4-Road network management

S-Preparation of coupe in primary
forest

6-Logged-over forest management

7-Plantation management

8-Support to research

OUTPUTS

Map showing the concession and its main
components at different scales.

Maps of skid-trail network and showing
the strategy of design according to site -
condition parameters.

Comparative maps of spatial distribution of
residual stands, skid-trails and landings.
Graphs and charts of results for both
methods.

Progress map.

Descriptive table including production,
inventory, identification, account data,...
summary form.

Map of the network, past and present.
Computation of distance and density.
Descriptive table on bridges and road status.

Recommendation map to optimize the profit
Location and delimitation of the coupe.
Dcsign of roads or skid-trails.

Map of the stands.

Inventory table.

Projection of yield.

Establishment of a coupe planning.

Progress map.

Descriptive table.

Yield prediction.

Establishment of a harvest schedule and
maintenance planning.

Location of suitable areas for plantation.

Complex maps by overlaying.’
Delimitation of areas corresponding to
spccial criteria.

Fig II1.3 : Objectives and expectable outputs



. 3. Objectives and expectable outputs

According to the needs and the possible applications described, we can propose the
following objectives with the corresponding outputs (fig. IIL.3).

Besides objectives of management and planning, an objective of demonstration
has been requested to be a part of the GIS : on one hand a demonstration to present at
different scales the concession and locate the projects or activities carried out. On the other
hand, a demonstration at the scale of a project is also expected to display main results of
research. In that way, The RIL is a project for which many data are available and a good
"demo" can be built.

The objective of support to research must be considered for the long-term only.
The objective of logged over forest management, however important, can be considered
only for medium to long term since few data are available at the moment.

4. Users and organization of the GIS

Once the objectives proposed, the problem is to know what detail is needed and what data
must be captured or not. It depends obviously on the user to whom the GIS will provide
the information : the data captured on the rattan plantation will not be the same if they are
used in the Headquarter for a purpose of general management or if they are used by a local
team based in Luasong. The identification of the users is thereby a very important step for
the implementation of the GIS.

The following system can be imagine for the GIS in ICSB, (fig.II1.4). Three levels
of users are distinguished :

- One main system, based in the headquarter of RBJ, handled by a GIS team and
providing information for any forest manager or officer on :

road network management,
coupes in virgin forest,
logged-over forest management
general consultation.

- An Executive Infermation System, proposed to be handled separately by
senior management. This system, partly supplied by the main system, should
provide :

Progress information in a summary form.
Demonstration modules.

- A local implementation level, in Luasong and Taliwas in the future. This
system should be supported by an independent database and provide information
for local management

Plantation management
support to research.

This 3 levels can be considered as an ideal organization of the GIS but the implementation
of such a system depends obviously on the availability in equipment and staff. For a first
step, priority must be given to the main system.
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Executive Information System
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Concession
Demo .
consultation
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GIS team. Headquarter diskets
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Localized GIS transfer or-updating
local team. Luasong by diskets
P g
YV
Plantation
Research
management

A

location of suitable areas

Fig.l111.4 : Organization of the GIS



S. Data available and data quality

5.1 Descriptive data

- Logging data :

All the data concerning the logging i.e. pre felling inventory data and log flow data are
stored in digital form. Special application programmes have been developed for that

purpose.
- logflow data are captured under a system developed under REVELATION ( App.1).
- the inventory data base has been written under dBASE (App.2)

So far, these data have been captured in each branch and transferred afterwards to the HQ

of RBJ in Kota Kinabalu. These logging data include all the identification data of the blocks
and compartments.

It must be noted that the logging activities on the YS Concession have been carried out for
more than 20 years. The first figures of production and inventory were captured manually
and would be available most probably with difficulties.

- Rattan plantation :

For rattan plantation also, the records are captured through a special application programme
developed with REVELATION. The rattan plantation has started recently (1989) and
thereby all the data were captured in this program and they are easily available ( App.3).

- LRS inventory :

LRS inventory data with the stand table projection are available in spreadsheet (Lotus).
They have been gathered in the branch office of Sandakan (App.4).

The LRS inventory has two main drawbacks :

The LRS data are most often only an average on a whole coupe (1000 ha)
and thereby embrace possible differences between stands. The projected yield,
based both on these data and on assumptions from literature is obviously very
rough.

Undertaken since 1984, only a few coupes are covered by this inventory.

- Road network information
All the information related to the status of the road, approval reference, duration, etc, are

available in the HQ in different files, but few information have been recorded on the
bridges, locations, quality,etc. One census is being undertaken on main roads (App.S).

All the data captured in files could be easily transferred to the GIS. A programme would
have to be developed to extract and transform them into ARC/INFO format.
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TABLE A : PROGRESS OF ARC/INFO DATA ENTRY (DEC 1993)

Scale 1:250 000 Scale 1:50 000
Coverage Map sheet no NB50-11 |Map sheet no NB50-15 [Map sheet no 4/117/6 (FD.104)
River completed completed
Contour - IN progress -
Boundary - -
Spot height - -
Grid (15 Geo-co) - -
Road . .
Township - -
Coupe In progress N Progress
Final topography map completed ' completed
Soil = completed on LEC
Final soil map a E completed
LCC = .
Final LCC map - -




5.2 Spatial data

- Progress map

The progress map is drawn by the mapping unit of RBJ and displays all the coupe and
compartment limits as well as concession boundaries or any boundaries of reserves,
unworkable areas,... The progress map includes also the main road network with main
roads and secondary roads but does not represent the road network at the scale of a coupe
(feeder roads, logging roads). Progress maps are available at 1:50 00 or 1:250 000 scale
(fig.IV.2).

All these limits have been surveyed on the ground in terms of bearings and distances,which
is a certain guarantee of accuracy. Coupe and compartment limits are surveyed by prismatic
compass, the limits of the concession by theodolite, which is more accurate. Finally, the
use of GPS recently acquired by ICSB should allow to get a very good level of accuracy
and improve much the survey of all the limits of the concession.

- Topographic Map :

ICSB has purchased 26 topomaps at 1:50 000 scale and 4 at 1:250 000 scale to cover the
whole concession. The contour interval depends on the topography, on the major part of
the concession, it is 250 feet (75 m) which is quite rough. Ten maps of the east part of the
concession has a contour interval of 100 feet (30 m). Moreover, all the area on the east
side of Ulu Segama river is covered by 50 feet (15 m) contour interval topomap at 1:25 000
scale, provided by Pacific Hardwoods. These maps have been enlarged to 1:12 500 scale
in order to display the road network up to logging roads.

- Thematic Map :

Apart from the two previous kind of map immediately useful for the GIS, some thematic
maps covering the concession are available in the mapping unit. They could be used if
necessary:

- rainfall distribution 1:1 000 000
- elevation classes 1: 250 000
- geology 1: 500 000
- pedology 1: 50000 & 1:250000
- land capabilities 1: 50000 & 1:250000
- forest cover 1 50 000

- Aerial photos :

ICSB has at its disposal 2 sets of aerial photos :
- 1971, covering the whole concession
- 1986, covering only the east part

5.3 Data under ARC/INFO

ARC/INFO was purchased 3 years ago by ICSB. From that time, many spatial data have
been digitized; at 1:50 000 scale on the Luasong area and at 1:250 000 scale from 1 of the 4
maps covering the concession, (Table A).

Moreover, a topomap at 1:5 000 scale covering the RIL project has been digitized as well as
an overview map at 1:1,000,000 scale showing the YS Concession in Sabah with road
network and rivers.
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6. Requirements for the implementation of the GIS

6.1 Equipment
ICSB has already purchased the following equipment

Equipment already available

Hardware:

.1 unit M386/XP7 Olivetti RC, 25 MHz, RAM 4MB, HD 383 MB
.1 unit calcomp 95 480 digitizer

.1 unit calcomp 23 180 digitizer

.1 unit calcomp Artisan 1025 plotter

Software:

.2 sets of PC ARC/INFO vers 3.4 Dt
.1 setof ARC View 1.0 under WINDOWS

Moreover, ICSB has now at its disposal

.2 sets of GPS Magellan 5000 PRO
.Iset of GPS Tremble Ensign

The option ARC/INFO under PC is sufficient for a first step of implementation of the GIS.
However, the afore mentioned list reveals a lack of hardware ; ICSB has at its disposal 2
sets of the latest version of ARC/INFO under PC for only 1 PC whose capacities prove
limited to manage an important database. Thereby, to start the implementation, it has been
chosen to complete the hardware possibilities by the purchase of the following units

Equipment expected

Hardware :

.2 units of olivetti M4-66, intel 80 486 DX 2/66, 16MB RAM
.1 unit pinnacle 5.25 optical disc system 600 MB

Subsequently, a functional GIS covering the whole concession will require to upgrade the
system to workstation so as to manage easily the important database. Moreover, the
purchase of an image processing package can be envisaged at this level.
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6.2 Staff

One of the most important step in the implementation of the GIS is to form an independent
GIS team. For an optimal work, the team should be composed of the following people

Quantity ~ Designation Job description Time allocation
1 senior forest officer .Link between the technical team > 50 %
(GIS coordinator) and the needs in term of forestry.
.Definition of output and checking
of data quality.
1 forest officer .Implementation of the GIS. full time
(GIS officer) .Data manipulation and analysis
1 system analyst .Design and organization of the 50 %
database.
4 technician .Digitizing and capture of data. full time
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7. Choice of a pilot area

Before implementing the GIS on a such a big concession, it is important to start the project
on small scale. A pilot project should allow first to get familiarity with the system and train
people to the technology. Moreover, it must allow to test the efficiency and the interest of
the system in different areas of activity. This might lead to make the objectives more
accurate or to propose new areas of application.

Criteria:

The choice of the pilot area is done on one hand according to the priority of the objectives.
Particularly, a strong aspect of demonstration is expected from this pilot project. On the
other hand, the pilot project must be as representative as possible of the future applications
it is supposed to carry out.

Two pilot areas :

In that way, the plantation site of Luasong Forestry Center has been chosen for its
strong interest for ICSB and since many geographical data have already been digitized in
ARC/INFO. Moreover, another area has been proposed in the Ulu Segama Forest
Reserve next to the Danum Valley conservation area. This area includes the NEP and the
FACE projects and allows to display new methods of logging in primary forests,
secondary forests areas and plantation activities.

In order to facilitate the digitizing, the 2 areas chosen correspond to the limits of the
corresponding topographic map at 1:50,000 scale ( fig. ITL.S )

map sheet 4/117/6 (104) for the Luasong area
map sheet 4/117/4 (92) in the Ulu Segama Forest Reserve

They represent each an area of approximately 77,000 ha. However the actual area

concerned by the activities described covers 10,000 ha in Luasong and approximately
25,000 ha in Ulu Segama forest reserve.

8. Planning

The pilot project should be achieved quickly : from 6 month to 1 year after the
acquisition of the equipment, according to the staff available.

The subsequent phase of implementation on the whole concession could be carried out
in 2 years with a complete and trained GIS team, according also to the possible
availability of new equipment.

Finally, a third phase could be imagined to develop more specifically some models or
research aspects.
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IV. DETAIL STUDY FOR THE PILOT PROJECT

A. Luasong area.

1. Context of implementation

The area chosen for the pilot project is the map sheet 4/117/6 (104). It was previously harvested by
the North Bomeo Timber Company (NBT). Since the attribution of this area to the YS the logging
has been carricd on and nowadays it is totally logged over. The previous forest camp of NBT has
turned in the actual Luasong Forcstry Centre (LFC) which is nowadays a major base of
development in the Y S concession.

The main activity carried out from Luasong is enrichment planting of rattan. The aim of the project
is to cover 40 000 ha with an annual planting target of 3000 ha. Moreover, for 10% of this area,
the rattan plantation is supposcd to be mixed with high value timber trees such as Swietenia,
Pterocapus, Khaya. The planting started in 1989 and so far, more than 7000 ha have been covered.

To support the plantation activity, a research component has been developed in the Luasong
Forestry Centre, especially with the implementation of the PISP project (Plant Improvement and
Seed Production). The aim of the rcscarch is genetic improvement, rattan growth monitoring,
improvement of the methods of multiplication, and plantation trials of new species both native
(Dipterocarpus) or exotic (Khaya, Teak).

All the activities of plantation and rescarch have been concentrated so far in an area of 10,000 ha
beside the LFC (fig. IV.1).

2. Domain of application of the GIS
2.1 Plantation management

The GIS should be used very efficicntly to support the management of a plantation, for basic
consultation and planning purpose. The following points are particularly important:

Limits :
The plantation area is divided into compartments, which are sub-divided into several sub-blocks of
approximately 40 ha each. The sub block is the basic plantation unit.

Census :

Two census are undcrtaken afier the plantation. Onc after 3 or 4 month to check the number of
seedlings alive which is the basis of payment of the contractor and to assess the needs of refilling.
Another census is carricd out after 1 or 2 ycars to check whether the stock of plants alive is
important enough or whether it needs to be complcted by new plantings (threshold value 80%).
Apart from these assessments, the ccnsus are supposed to integrate in the future shade
measurements. Thesc one will be used as a basis for opcrations of shade adjustment and could be
used for a purpose of rcsearch so as to establish relations between growth and light or stand
quality.

Maintenance
Maintenance opcrations are to be carricd out on the plantation. Especially slashing but also circle
weeding. These operations must be achieved theorctically within steady intervals during the first
two years after the plantation. There is a “planncd date” for which rangers are sent on the field to
make sure of the necessity of the operations and an “actual date” if these ones are postponed. The
following opcrations will be adjusted according to this new date.
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Harvesting
An important aspect of the plantation activities is to foresee the production. Thereby it would be
very interesting to integrate in the GIS the corresponding model to establish a coupe schedule. The
rattan harvest is done when canes are considercd mature i.c. after approximately 8 years for small
canes and 12 years for big ones. Moreover, mcasurcments are carried out as part of the PISP
project to establish production tablc, that is relation between the age of plantation and yield for the
different species.

Plantations :
Ideally, the production tables should be established according to site condition parameters such as
slope, soils, light or quality of the remaining stand. Research is currently undertaken in that way.
It could Icad in the future to locate the most suitable areas for the plantation or the most suitable
species in an area, the GIS is particularly adapted to this task.

Account system

The Luasong Forestry Centre has its own account system. Some of the data could be associated to
the GIS.

2.2 Support to research

The PISP project has two kinds of expcrimental plots. On one hand, small plots (400 sq.m) in
rattan plantation to follow the growth and establish thc production table. On the other hand
plots for high value timber trees to test thc growth of different species and provenances.
These oncs are gathered in the specific area of Tiagau (225 ha). The project of opening 2 other
areas of 225 haeach in the LFC arca is being submitted to the Forest Department.

The GIS was expected to provide local information at the scale of a plot for correlation
establishment purpose. As mentioned previously, ICSB has its disposal thematic maps such as
land capabilities, gcology, soils, etc. Topography is also a key parameter. Nevertheless, it tumns
out that the maps presently available do not have a sufficicnt accuracy to be used in an interesting
way. The contour interval in the LFC area, for example, is 250 feet (75 m), which is really too
rough compared to the size of experimental plots. No rcliable correlation could be carried out in
these conditions. Field measurements should be probably more adapted for this task.

Although applications for support to research arc prescntly difficult to implement, more accurate
information or other applications might bc found latcr on.

3. Objectives summary and outputs

The objective on this pilot area is to implement a semi-functional GIS managed
from the Headquarters in Kota Kinabalu. Itis a way to test the technical feasibility of the
GIS for plantation management purpose before a possible implementation in Luasong.

The expccted outputs are as follows:

progress map of the block or sub-block planted
table and map of the plantation characteristics
map of road nctwork

map for maintenance opcrations planning

table and map of production expccted

map for harvest schedule

map for locations of expcrimental plots

table for main research results
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4. Data and Requirements

4.1 Attribute data

- plantationdata:  All the plantation data are gathcred and updated in the Luasong Forestry

Centre in a program devcloped under the revelation system. A special
application will have to be devcloped to extract and transfer easily the
nccessary data.

- PISP results : The rescarch results from the PISP plots are available in a spreadsheet form

(lotus).

A suggestion of data to be captured for the pilot project is given in Appendix 6.

4.2 Spatial data

- topomap

-coupe limits :

-PISP .
plot limits

The topomap of Luasong at 1:50000 scale has already been digitized in ARC/INFO.
It includes the following coverages: contours, rivers, different boundaries, spot
height, grid, township and road network.

The road network digitized is not up to date and an important part of it even remains
to be surveyed before digitizing.

The limits of all the compartments and some of the sub-blocks have already been
digitized in ARC/INFO.

A first set of limits has been digitized from surveyed limits. But the main drawback
is that these limits have no tie points, which means that they are not geographically
refcrenced. However accurate is this set of surveyed limits, it is not possible to
overlay it with a georcferenced map such as topomap, LCC, soils,...

A second set of limits has thus been digitized from rough limits based on photo
interpretation and simply drawn on the topomap. This set of limits can be overlaid
with refcrenced map but they have no accuracy.

The first set of limits, accurate, is obviously more important for the reliability of the
GIS. A solution to the lack of spatial references should be brought with the GPS.

The plots crcated in the rattan plantation are too small to be a fully represented.

A simple point on the topomap is enough to locate them. On the Tiagau area, the
main limits have becn surveyed but not the limit of the different plots. This
operation will have to be carricd out if an accurate representation of these plots is
needed.

-Remote sensing data : One SPOT sccne was used for the project "Mapping from SPOT image
data in tropical rain forest in Sabah-Malaysia" carricd out in 1987 on the Luasong area. The CCT
can be obtaincd if nececssary.

5. Conclusion

Onthe Luasong area, almost all the geographic data are already captured. Moreover, all the attribute
data are gathcred in digital form and in the same files. The implementation of the GIS should not
encounter major problem and be achieved quickly.

The remaining things to do are as follows :

- creation of the database.
- limits adjusament by mcans of thc GPS.
- Survey of the road network.
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B.Ulu Segama area

1. Context of implementation

The area chosen to be a pilot area for the GIS project is the topographic map sheet 4/117/4 (92).

The area located on the boundary of the YS Concession area is subdivided into several parts,
(Fig 1V.2):

A part of the Danum Valley conservation area, where the forest is protected. The map
sheet includes the DV Ficld Center (DVFC), a camp for scientific activities and tourism.

Anarea that was already logged over by the North Bomeo Timber forest company when
the concession was attributed to the YS.

A part of the Ulu Segama Forest Reserve. This arca was logged after the concession was
attributed to the Yayasan Sabah. Until 1990, this area was logged by Pacific Hardwoods
(PH) in joint venture with ICSB, and from 1991 onwards the remaining coupe were
harvested by ICSB. The whole arca is logged over now.

An areakept as water catchment.

Two main projects are carried out on the areas:

RIL: The aim of this project is to develop a method to reduce the damages and soil
disturbance that occur with current logging activities. This project is carried out on a 430
ha area included in the 1993 coupe.

FACE : The aim is to undertake large scale rehabilitation of logged forest by enrichment
planting and reclamation of degraded area using native tree species. The project was
initiated in 1993 on 300 ha; 2000 ha should be covered in that way over 3 years for a
pilot phase and 23 000 ha afterwards ovcr 23 years.

2. Domain of application of the GIS

2.1 RIL project

Background

The RIL project covers 8 different sub-blocks in the coupe 1993. Four of them are logged under
RIL methods and the 4 others under conventional logging in order to compare the results of the 2
methods. The RIL method is supposed to extract essentially the same volume of harvest timber as

usual (8-12 trees/ha; 70 m3/ha), using conventional yarding technology (bulldozer). However RIL
involves distinct modifications:

a hundred percent inventory is carried out before logging. The location of all
commercial species is recorded on a large-scale topographic map (1:5000) or stock map.

pre-planning of skid-trails,at scale 1:5000 to achieve optimum alignments, minimizing
steep slopes and stream crossings. The RIL tries to reduce the density of skid trail to

150 m/ha. Moreover the RIL tries to limit the number of landings and to reduce their
area.

riparian reserves are left along streams according to their width.

Field techniques such as climber cutting 1 year before felling so that felled trees would
not drag other trees down with them.

Skid trail and tree marking

Directional felling towards skid trail and away from potential crop trees.
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Applications :

The RIL project area should be logged over by the end of 1993 i.e. before the implementation of the
GIS. Thus no GIS application could be implemented on this project except for a purpose of
"Demo”. Nevertheless, suggestion can be made if this method is used on large scale, on the whole
concession.

The RIL project involve mostly field techniques for which the GIS cannot be used. But the GIS
could be an interesting tool for the map preparation and skid trail planning, especially with its
capacity to calculate the slope. With the RIL method, the logging mustbe achieved for slope below

350, The distribution of slope on the area to be harvested by means of a DTM could thereby be
used very efficiently for planning purpose. Finally, GIS can be used to monitor length or density
of the trails network.

Nevertheless, such a planning on the RIL was made at large scale (1:5000) with contour interval of
50 feet (15m). This dctailed map was made by the contractor, by enlargement of the 1:50 000 scale
topomap in which contours have been completcd and redrawn by hand from field observations. On
the whole concession, only 1:50 000 scale map are available with contour interval up to 250 feet
(75 m). These maps are too rough to do a dctailed planning at the scale of a skid trail. With the
present accuracy, only a general planning can be envisaged. The final question is to know whether
it is really interesting.

Otherwise, it was suggested to use the GIS on the RIL project for a purpose of "demo".
Many detailed information are available on the RIL project. The "demo" can demonstrate the
optimization of the skid-trail network according to slopes, rivers, contours, stocking map with the
RIL method and to compare it with the common method of logging. Moreover, the "demo" can
display the main results of research such as damage caused with the 2 methods, remaining stock
volume extracted.

2.2 FACE project

Background :

The pilot phase of the FACE project aims at planting 2000 ha over 3 years. Almost 1800 ha have
already been planted. This first phase of the project relies on a strong research component that
should provide the guidclines for the plantation of the balance of 23 000 ha. On that purpose, trials
are made to test the performance of stands versus different parameters such as age of logged forest,
degree of disturbance, site conditions or fertilizers, spacing, size of planting hole..

Hence, the 300 ha of the first ycar of plantation have been divided in 6 separate plots of
approximately S0 ha each in order to cover different types of logged over areas: different ages,
different topography, different method of logging (tractors or highlead). In that way, the 700 ha
corresponding to the 2nd year of the program are divided in 8§ different plots. Moreover each plot is
planted with different specics corresponding each to a line or a group of lines of plantation.

Applications :
- Plantation management :

25 000 ha of plantation are planned as a long term objective. It is foreseeable that soon will arise
the need for a management of the area planted. Just as for the rattan plantation in Luasong, the GIS
could be used to monitor the plantation data of the Face projcct. Without going into the matter, we
can already point out the importance of data such as area planted, and year of plantation, species
planted and survival or growth rate. The GIS should be able to provide all the necessary
information for the planning of coupe and possible silvicultural treatments.
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- Assistance to the plantation :

Using as a basis that the enrichment plantation in logged over areas must be done where the

remaining stand is the most degraded, the GIS can bc uscd to locate these areas with simple
parameltcrs;

LRS Inventory Data: These data are interesting to provide a first idea of the regeneration
of the blocks and their potential production after 60 years.

Method of Logging used: Two different methods of logging are used: tractor logging or
highlead. The latter is particularly destructive for the remaining stand. The areas logged
with this method are appropriate for enrichment planting. The exact places where high
lead were installed are located on the topomap at scalc 1:12 500 used by contractors. At a
smaller scale a map shows more simply which mcthod was used by sub-block only.

Finally the year of coupe can be an interesting parameter to take into account.
Regeneration is more advanced in oldcst coupes and the lack of light in these arcas lessen
the growth of young plantation.

All these parameters can be easily capturcd in the GIS. All combined can provide a first logic to
assist the location of plantation area, which can be improved afterwards.

Moreover, the GIS could be used to assist the choice of the species to plant:

Production and / or inventory figures give information on the main species harvested or
present in a place, which represent probably the most suitable species for this place.
These figures recorded by the contractors are available at large-scale, even by logging
areas of 50 acrcs.

The research conducted on the FACE project might establish correlation between the
growth of species with parametcrs such as soil, topography, land capabilities. Then,
the GIS could be used to locate the most suitablc area for a species or conversely the
best species in an arca provided that the maps available (soil, topography) are dctailed
and accurate enough.

- Support to research

It was suggested to use the GIS as a support for research in order to establish the correlation
previously mentioned. The GIS would not be used as a statistical package but as a tool to display
and overlay information at large scale. Topographic maps at 1:12 500 scale with contour interval of
50 feetare available and at this scale, the lincs of plantation and eventhe location of the plants can
be displayed.

Numerous information can be associated to each:

Soil and land capabilities: The maps available at 1:50 000 scale are too rough to be
used in an interesting way at this scale. A detailed survey has been undertaken on the
first year of the FACE project and one is planncd f{or the whole 25 000 ha.

Light: a grade of light is attributed to each point of plantation
Slope: by means of a DTM
Growth: plants will be divided in growth class.
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2.3 logged over area

The GIS will have first to integrate all the identilication data of the coupes such as, coupe number,
area, permit number, contractor, volume extracted,etc. Morcover, it was pointed out that the GIS
could integrate detailed information on the road network.The road network is a fundamental item of
the concession since it influences the access to the forest. It seecms particularly important to keep a
record of this network in case it should be re-used. This is the case on the Ulu Segama reserve
since the area is within the 25 000 ha planned for the FACE project. The network will have to be
re-used and improved for plantation purpose. So far, only main roads (roads of permanent usage)
and secondary roads (usage over 5 years) have becn surveyed and reported on the progress map.
The whole network up to the logging roads is available on the large scale topomap 1:12 500
provided by Pacific Hardwood. But on this map, the network is not surveyed which means not
accurate or reliable.

The interest of the GPS was mcntioned previously to get easy and fast survey. Moreover Remote
sensing would be the best and easiest way to get a fast, rcliable and up to date road network.
Otherwise, even if this network cannot be surveyed in the time of implementation of the pilot
project, it could be interesting all the same to digitize it to keep the records. Information conceming
the number of bridges or culverts, their location and their quality have not been recorded by ICSB.
Nevertheless we must mention a current work undcrtaken by the survey team of ICSB, and which
consists in recording the detailed information on all the bridges and culverts on the main roads.

3. Objectives summary and outputs

An important objective of demonstration is expected with the RIL project. Moreover, this area will
be interesting to test the technical feasibility of other objectives, less demonstrative but
representative of the future GIS. The objcctives and outputs proposed for the pilot project are
described as follows. An incrcasing order of priority is given according to the interest and the
difficulty of implementation.

1- Demo RIL Topomap showing river network, areas with slopes beyond
35°, stocking-map and skid-trail design.
Map comparing the skid-trail density for both methods of
logging.
location of cxperimental plots.
Graphs and charts for descriptive results.

2- Concession Progress map with grid of sub-blocks.
consultation Table of descriptive data : identification, production, account
data.
3- Road network Map of road network.
management Location of bridges and culverts.
Descriptive table of road status.
4- Plantation Limits of FACE project plots.
management Descriptive data such as species planted, year of plantation.
S- Location of Delimitation of priority blocks or sub-blocks to be planted

suitable areas
The 2 last objectives could be merge together.
The assistance to research previously described should be considered more as a long-term objective

and not suitable for pilot project. It is thus not proposed as an objective on this area, all the more
since a GIS should be implemented by a local team of research.
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4. Data required and available

4.1 RIL demo

Spatial data ;
- Stocking map : to display the location of the commercial trees . The stocking map is
only available for the sub-blocks under RIL method.
- Topomap : The topomap at scale 1 : S000 is digitized for the 4 sub-blocks under

the RIL method but not for the 4 others. the sub-blocking is
necessary to be add to distinguish the eight different areas of the
projcct. The arca with a slope above 35° will have to be displayed
as wcll as the strcams network.

Skid trail network : All the skid-trails arc supposed to be surveyed.

Experimental plots location
Attribute data :

Production figures by sub-block
Inventory figures

Forest Cover figures especially density
Figures on the defects

Figures of carbon offset

All the data from the experimental plots are capturcd in a spccial application programme developed
under REVELATION.

4.2 Concession consultation, road network, plantation management
Spatial data :

Topomap The topographic map, digitized under ARC/INFO has bcen obtained
from UKM Sabah Campus. It includes the following coverage:
vegetation, contours, rivers and roads settlement. The accuracy of
the contours remains to be checked.

Progressmap . At 1:50,000 scalc, it will allow to digitize the coupe limits, the main
roads and unworked arcas. The sub-blocking is not represented and
will have to be added separatcly.

Road network :  The complcte but unsurveyed road network is available at the scale
1:12 500 from the map provided by PH.

FACE limits : The limits of the first two years of the project have been surveyed
and already digitized in ARC/INFO.

RIL limits : Requires to digitize at least the sub-block limits in the 1993 coupe.

The 1:50 000 scale could be sufficient to display the features corresponding to this objective.
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Number of months from the reception of the equipment
Objectives 1 2 3 4 5 6 7 8 9 10

Rattan management plantation

Demo RIL

Concession progress consultation

Road network management

FACE plantation management

Location of suitable areas for plantation

Fig IV.3 : Proposed planning of implementation for the pilot project



Attribute data

On the area previously harvested by North Borneo Timbcer, no data are available. On the area
harvested since the attribution of the concession to the Yayasan Sabah, two periods can be
distinguished.

Until 1990 PH was responsible for the logging activitics in the Ulu Segama reserves. All the
figures have bcen stored by PH, manually.

From 1991 onwards, ICSB was responsible for the logging through contractors.
The logging data are stored in digital form in KK.

ldentification data:  block number, coupe permit number, area, year of coupe
contractor, volume extracted.

Road network : road type, hauling distance,...A census is being undertaken on
the main road to assess the number of bridges and culverts,
quality, Iength, year of construction, location,...

Plantation data : mainly year of plantation and spccies planted. The data are
availablc from thc FACE projcct.

4.3 Location of suitable areas

Spatial data :
The topomap and the progress map; The sub-blocking is nccessary to display detailed information.
Attribute da
- LRS inventory data Remaining volume of big trees, number of trees in advance
growth, number of scedlings. Projected volume of trees above
60 cm dbh after 60 ycars, class of projected yield. The LRS data
are available on all the coupe of the area except 89,92 and 93
coupe.
- Production and/or
inventory data : Volume predicted/harvested by main species and by sub-block.

- Method of logging used available by sub-block.

5. Conclusion

This pilot project is characterized by morc objectives and more ambitious propositions compared 10
Luasong. Still few data are available in ARC/INFO and the implementation phase will probably
have to face a problem of data collection because of the many different origins of the data.
Moreover, the creation of the database from data captured manually will certainly prove long and
tedious. The implementation of this pilot project should be thereby more time consuming.

However, the objectives of concession consultation, road network and plantation management
should be achieved quickly. The abundance of data for the RIL project allow to expect a very
interesting "demo". Only the last objcctive is more hazardous.

Finally, a planning of implcmentation is proposed for the pilot project (fig. IV.3). It does not take
into account the possible difficultics of staff availability.
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GENERAL CONCLUSION

GIS is a new technology and few experiences of implementation exist for forestry
management purpose. It is thereby difficult to be fully aware of the GIS capabilities and it
is not so easy to express needs.

However, through visits to the different activities of the concession, discussions and
meetings, some objectives have been identified and an organization imagined for the GIS.
It could evolve in time. A first set of objectives should be carried out in less than 1 year
during the pilot project. The implementation phase on the whole concession will allow to
approach more long-term objectives, requiring either an important work because of the
abundance of data (Progress consultancy) or the needs for models or special technology
(logged over forest management). The possibility of data exchange with a GIS carried out
by the Forestry Department could alleviate the work and increase the speed of
implementation.

The equipment expected will allow to start the project on PC. The key parameter is now to
constitute an independent GIS team Since the availability of staff for the GIS will influence
the efficiency and speed of the work. The question of the premises needed must not be
neglected.

Subsequently, the upgrading of the system to workstation will be necessary, which will
allow to create independent modules of GIS for local management. Additionally, a remote
sensing package could be envisaged.

Finally, the implementation of this Forestry GIS should allow to approach
the forestry management by a very interesting way. Moreover, the
framework of ICSB and its dynamism is a very favorable context of
implementation and much can be expected from the project.
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APPENDIX

Appendix 1 : Log flow data

Appendix 2 : Inventory data

Appendix 3 : Rattan plantation data

Appendix 4 : LRS inventory

Appendix 5§ : Census on road characteristics

Appendix 6 : Proposed data to be captured on the pilot project of Luasong
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TABLE 1. SUMMARY OFIv1993 COUPE DETAILS

REGION FOREST C O U PE C OMPARTMENT
RESERVE NO. AREA (HA) NO. |TOTAL[WORKABLE (HA) UNWORKABLE (HA)
PREL. FINAL AREA | PREL. | FINAL * AREA REASON(S)

Sandakan Pinangah  YS1/93 1,026 985 | 122 89 92 89
125 169 176 169
126 211 220 211
127 198 206 198
128 159 166 159
129 159 166 159

Sub-total | 1,026 985 6 985 1,026 985 0 0
Sandakan Pinangah | YS2/93 1,058 1,045 | 117 205 208 205
118 134 136 134
119 | 157 158 157
120| 146 148 146
121 221 224 221
121A[ 182 184 182

Sub-total | 1,058 1.045 6 | 1,045 ] 1,058 1,045 0 0
Sandakan Pinangah | YS3/93 794 710 |119A] 199 223 199
1198 124 138 124
119C| 180 201 180
119D 207 232 207

Sub-total 794 710 4 710 794 710 0 0
Sandakan Pinangah | YS4/93 1.970 2,070 | 170| 282 268 282
533| 237 226 237
553 | 198 188 198
= - | 554 256 244 256
555 193 184 193
556 240 228 240
565| 208 198 208
566 | 265 252 265
567 191 182 191

Sub-total | 1,970 2,070 9 | 2070] 1970 2,070 0 0
Keningau Pinangah | YKI1/93 929 1,105 | 304 | 281 236 281
305 | 264 222 264
308 | 277 233 2717
317 | 283 238 283

Sub-total 929 1.105 4 | 1.105 929 1,105 0 0
Keningau Pinangah | YK?2/93 985 930 | 306 206 218 206
307 | 260 276 260
318 .238 252 238
319 226 239 226

Sub-total 985 930 4 930 985 930 0 0
Sundokan Al FRs 6762 6 84S 33| 6845 | 6762 6,845




TABLE3 ¢

SUMMARY OF NET VOLUME (m3) PER HA FOR 60CM DB AND ABOVE BY SPECIES GROUP.

[ REGION | FOREST COUPE [CONPARTMENT SPECIES (nd per ha)
PREL. PREL.
RESERVE NO. AREA NO. [AREA(ha) [RS [WS[ ¥S| OS] CR][KR[MP][Sh [MGL| DE|NY]OT|NC|[TfOTAL
Sandakan Pinangah YS1/93 1.026 122 92 63 =7 L 2t 6 (I 7| ¥4 | oFgs24i O uf @) U s 132
125 176 36,1 31l 7fker(iva [ sela! L 26i o ol | okl 13fi3=" 104
126 220 I 370 G [N b i I f 27 [0 @ B 022 (2 95
127 206 s2| 6 [ 61213 2] 0,020 0 0|10 1243 116
128 166 32 | 411 et g 3 | 4ty 3Ne 0 1 UM 0 (0 (c 109
129 166 42 J10f 72 ] 631 2] 1120} o 201 |2 1 10N[INS 108
6 Wid.Mean| 41 | S| 6| 8] 2] 3} 2]25] O cly =0y S| ) 107
Sandakan Pinangah YS2/93 1.058 117 208 43 |20f 210 f1w0f6 ]| V] 7 () 1] SOJN (LN )8 i 99
118 136 S8 127 4 o | 10410} 1| 9 O OO 1 1 131
119 158 35(20] S 1 Jlef 124 o | 4 0 LI SO RS (AL 102
120 148 2112 3020 2300 0 100 O 2 112
121 224 Sa 114 229 7] 4 ]19] O 0/ Of 10| 122
122A 184 57.1.29)1L 2. 1.0 {iT24LS 1] 10 0 (0} 0 115 Ll 122
6 Wid. Mean| 46 |20 3 [ O | 12| 10| 1 | 8 0 (o} )5 A E R 112
Sandakan Pinangah Y S3/93 794 119A 223 44 BT 412 29 o 2 | 8 0 O 1 12007 138
11983 138 UIN L e@L) W |2 IS IR RO O] 2411301 161
119C 201 Sa | 8| 1 f 2 [|30f 151 8 0 0| 0f28]10 157
119D 232 6L} 6. 6 (14 (336 |18 O Lol O 174 146
4 Wid.Mcan| S7 | 8 | 4| 4 [31]10] 1| 9 0 O 1 iE 76 148
Sandakan Pinangah YS4/93 1.970 170 268 S8 1 18f 7 [ 4 96 ] 247 0 L IR LSS 134
533 226 45191 6|24 ([4]|0]4 0 60163 99
558 188 61| s 7 4f 7 )10 81001 O 2] o2l 3 141
554 244 SO e 2 ] L 68 8 1| 52 f %S 0] 200 O} 124]]11 103
555 184 a3 6 8 8 2 | 6S | 4 0 41 O | 14 2 102
556 228 45 312 [ 0L L8 |4l B o 0 SIS 2652 109
565 198 40} 9.1 6! [ Mo usk| 3 1 1 0 0.0 f 216 112
1 566 252 4611 107178 || 3 pin3if 7 -0l 3 0 31 1 | 2078 122
567 182 S8 18N 4 A0NL0L 1 20k 1 0 4 | 1[15] 4 133
| 9 Wid.Mean| SO | 11| 6 [ 4 [ 8] 6| 2| 4 0 4 1 0([19] 4 118
Keningau Pinangah YK1/93 929 304 236 41 Fr6- 8elit3 | 3al 9 |2 | 49 O 20100 ! 1017 150
305 222 S S 3R 3 17 | U S6ls 0 O\ oflf (881l 2t S1a
308 233 B2 183 i WAl Il "2 1 330 o'l Ot 9 [*2 105
D7 238 291 Sill-Ssis2- ) S-lh2 || -5 =340 O 1 A8 1 107
4 Wid. Mean i 3794 127} S.2. 103 S 3 41 O Ho§=0- 4 EIEIEE6 125
| |
Keningau Pinangah | YK2/93 985 306 218 34 L 1sf 6 (|2 4| 327 0 0| 1 ] sflo 112
307 276 291134113 4% 4] 2§14 0 O O l8 (2 83
318 252 21 1 1 1 a3 14d4ari o 20| 'O JF A 84
319 239 340061 obani2ry a4 L 3 28]'0 150 004213 106
4 Witd: Meanif- 298 731 S+f 3|2 § -4 ¥ 27] 27} .0 007 §=13aEr2 94
'i Sandakan All I'Rs 6 6,762 33 |Wid.Mecan | 43 J 11| S [ 3 |10] 6] 2 ]|19) 0 1] 0]14]| 4 117




Appendix 3 Rattan plantation data

CENSUS REPORT

COMPARTHENT NO : 200 SUB-BLOCK : A
SPECIES : RS "' OROTAN SEGA
CENSUS COMMENCED : 02/25/92 CENSUS COMPLETED : 02/28/92
UNPLANTED AREA [STONY) 32 PLANTED AREA [HA) : 11.11
NO SEEOLING CENSUSED : 141312 RANGER/NAKE : BASAR TARIB
PAGE : |
DATE : 05 AUG 1993 'Y OPRECININARY !
HEALTHY PESTS] HOLE[NO EXPTY/BUT

LINE HO  PLANT DISEASES DISTURBANCE LIFE SEEDLING PLANTABLE DEAD

L {1 20 6 455 ? ] 95
? 404 9 64 481 9 I b4
3 415 ) 10 {37 3 110
{ 417 7 6 415 0 { 100
5 133 1 55 330 0 0 [
6 30 14 ] 451 k] 0 95
] 351 54 1§ 433 k] 0 99
$ 3 53 6l 4l 2 2 9l
9 31 19 1§ 424 0 { 102
10 33 U 40 19§ l 9 136
I 111 30 69 310 3 7 99

PLANTATION UKIT - LUASONG FOPESTRY CENTER
PUANTIRG RECORD REPORT
COMPARTHKENT NO : 200 SUS-BLOCK : A

SPECIES - RS ** ROTAN SEGA
PLANTING DATE : 11/05/91

UNPLANTED AREA [STONY) L
SURVEY AREA [HA) : 3100
PLANTED AREA [HA| .22

NO SEEOLING CENSUSED 14132

HO SEEOLING DISPATCHED 3100
PLANTING DENSITY : 866

PLANTIHG SPACING [M) @ 2.5K X 12K

RANGER/NAKE : I8BEH MOBIN

CONTRACTOR : SOON "' SOON SANG PLANTING CONTRACTOR
REPORT DATE : 05 AUG 1993

CIRCLE WEEDING FOR THE MONTH OF 09/9

COMPT/NO SUB/BLK CONTRACTOR - ESD DR, COKMIT ACTUAL PLAY
206 £ SAUANG DEVELOFKENT SON 6HD 05/31 039
206 6 PEKBURONG NURNI cI79r C9/91

206 H AJUKO SDY. 84D, 0§/51 09/91

ENPTY
POIKT

100
104
120
104
1

18
102

95
106

41
104



Appendix 4 LRS inventory

Stwtwy of swunplod cowpes/connpurtnnenty projoctod GO e®S yowry oltwr logeiong
by (orest rossiveos

TFOREST Ccouirt/ TAREA YEAR YLEAR PROJECITD TOIAL S1OCKING
RESERVE coMI™T (n) or or: NETVOUAIA  YEAR  LIARVESTAULE CLASS
] o LOGGING _ LRS_ (M) voLuan:

~J ONRARA TR/ &2 370 19380 1986 17751 3iki6 T ssi6d
TS/ 3 S 378 19384 1986 125.71 2016 17.514
1'S/84/586 330 1984 1986 153.81 2046 50,757

. KALABAKAN Compt 215§ 162 1981 1987 13874 20927 20775
Compt 233 245 1982 1938 101.54 2013 24.877
Compt 221 116 1932 1937 101.63 2012 14.838
Compi 240 210 1932 1988 112.08 2043 2371
Compt 232 218 1981 1948 1) 26 2013 7.4
Compt 225 228 1982 1988 80.95 2043 18,157
Compt 195 221 1975 1991 32.12 2036
Complt 219 220 1981 1987 112.99 2002
Caompt 250 220 1943 1984 1.0l 200)
Conipt 214 290 1942 1947 113.29 2012 32454
Compi 223 270 1982 19343 133.77 2003 36,118
Compt 241 178 1982 1988 103.55 2043 18,4312
Compt 218 372 1931 1937 §9.02 2012 33115
Compt 229 200 1931 1938 112.39 2012 21.578
Compt 2241 408 1942 19838 a1.74 2013 Jylos
Cmnpl 251 224 1974 (PR KT 2034 18347
Compt 196 210 s 1991 92.01 2036 1v.322
12/78/1327 813 178 1985 $1.51 2040 (6.263
1°2/83/1530A(1) 423 T 1983 1936 10432 2041 41,127
TUBA/N30D(2) 300 BERURT! 1934 82.34 2013 24.702
TURANSIN(3) 258 1981 1988 101,158 2013 25.793
TA/BUI1213( 1) 322 1942 1946 100.54 2011
TA/8U131218(2) 3.5 1942 1986 94.58 2001 32000
1/83/1313(1) 130 1983 1936 124,40 2041 §3.492
T4/83/1313(2) 479 1933 1936 130.37 2041
T4/83/1313(3) 690 1983 1936 121.40 2001 83.766
T6/75/132(1) 704 1975 19341 152.08 2031 107.04)
16/75/132(2) 712 1975 19384 170.63 200 121,189
YI'1/88 932 1948 1939 12274 2049 114.396
YT1/89 398 1939 1991 33.35 2051 33074
Y1 2/56A 360 1936 1989 96.81 2004
Yive? 1951 1987 1989 83,60 201y
Y1'2/88 1,722 19388 1989 4956 2019 154,742
Y1'7/88 1,214 19338 1990 85067 20850 101,001
Y1789 730 1989 1l 0.6 2081 70.87.




AR AN = n

Table A
ot B LRS SUMMARY BRY TOTAL STOCKING, TREATMENT TYPES, DOMINANCE AND SIZE CI ASSES

.
B LOCATION ! DETAILS OF SAMPLING WORE i WORRRATE AND COSTS
LTELSON:  Sordaken [DATEOF SAMFLING 16. TOTALSAMI-ING LN 3 .. SAMPLE AREA{EA) .0 J1E TOTAL WIRKIN - DAYS 7t T ACTUAL BIANDMAYS A
IF.RESTRVE: Malw |7. START  * .28 13, TOTAL LENGTE T2 12 TOTAL AREA (HA) B |1;4 NC.CEAEN 12 B TOTAL 0057 3
ST 1572 L AREAHA) $6}E END : 1212 12 TOT.QUACRATS =  ¥7™ LSEINTERSTIY DEm R ¢ AT | 250 TOT.ZFF. WORKIND: DAYS 45 22 DIRETT-OCST 2
SSTTET HLOCKIODMPT: 6. AREAHA): ]0. TEAM LEADER : AMI.SAL&DI1S. TOT. SURTUACRATE © i406) DLSOTENSITY (IR T I21. TOTAL BLANTAVIVHA ISR TG SR S S A 3
I T | SUB~ QUADRAT (2MBem) SFEDLINGS <10cm DBH | MATN OUADRAT (1GK10m) ~ ADVANCE GR OWTH 10<60cm DEH BIG TREES (PER HA)
| {prmaesiepe of seciad stivar;.] I FSticking T = No, i sriihed cxdris per by I dTn v ab e !
CATEGORY | SPECIES Scs Cixs. -] | Tyeymat Tyce | © Sz2Ciaa - Dorrme i i zraisv Tyor usdty P Qaste D * Cusbrys Tl
! By 2 B B TOTAL ) 2 B 1 TOTAL B0 203l IUCH2 6O $1eG TOTAL: 2 Sy 3 s 4 = ST & Wi G | Ny mwl
l<iisen <137, 3 L < Wn '}H-::v, G Cls G = | D o S A] Ners i< (o} S Tise [ 29 T ¥
|'___ 26{ EETR . L] SR Y | S O R T T 3720 38 5. 0 & a2 N S e 048 B 50 > £ 52 L kel | A 6
IR SERAYA [ R R i THIS s 0 13 22 et M 3% . M Af B Nt ISR E " !
% 1 lwsErAava Sl s 3 28 6. 8 0 1O g &3 35 s1 0 ¥ o . Id oMW Mus S 3 I ¢ K FES
ix:m«m =@ 5 a1 .00 @l @ FO “oNos ws s : ] % B3 i1 = pm
| ERS [P LAY i ) 10 £ n .'-2; 22 0 KeJ u CHERE (S 3 4 a5 S Liy & ~ > 42 23 C L3 S 5 )
3 FERUNG i b 2 1w & % 0 6 0 Asi 2 ~IE w1 L R ¢ : Ry | E f 29 - % :
l CRI® !S-EA'T;.' ? 14 ilu] ?'.'j 2 (4] S .0 E'-‘; ? & = c S =9 E : = o - )s ( 15 £ 26 (o
RELIAN 0 & 1 3 7S o 2 t 2 2 @ (e £ « g 1 2 3 ;oo
TREES L DNOANG 4 0 (28 3 b s s O Q N r = iy >) 3 3¢ & &S L’ B ¥l J 49 1
ix‘.'ATt:-: j o o o o @ o &« o U ol o 2 ¢ 6 ¢ 29 g ¢ 0 1 )
SEMETIR o0 6 o i o 1 (] Ne C a5 & 8 e = “ () 3
EAVBANT S o S G a ol 3 4G ST SR i T 1 o T I3 2 NG
. EREAJ DRElC 0 o 0 %0 o o o 2 I ¢ ) ¢ < 9 a 1 5 3 9 i G
PaIFLATT { ¢ ) ) 1 4 f s 0 1 v < | 5 . ] i » 2 2 2 H N c 3 b} FI
onnEs EING. W G 1 s G 1 « U 20 Ll » >3 Or o5 W88 R 2 = L8 9 33- o
[ 3 ITCTAL Vo9 % iz 33§) 248 & 9 A%y 3 W Lim o ol % 5 7 = B % 5w TR J 9% 3
b |%OFITT g4 230 367 324 000l WHF 08 WS Q0 MDO0| XS5 %S ¥ 1S 36 XD 16 Bl 43 MO SID Swe &34 AT X 4 202 D52 e ol
= TCRAE ¢ G D of ¢ © ¢ o S ol e e RS R )5 X 3 : > T e .
NOHSRS IRAYLIMEIAM | 0 0 D% 9 ol ¢ 3 ; T 2 » n s 4 I 3 iA 2 i 2 L5 ' [ 1.
I !'.;o.};‘\.\‘ G i ¢ O 0: [a] D & i ol (o] s t2 o M P .3 (] H " 138 < = J 13¢ ] 24 . B
i CROF [MERCARS o ey | oS o - - 0 e 3 PR 0 P 9 J ‘ v b ¢ i Y PORES
i |RSRAD Lo 4 I QO ¥} r o 4] N 4 Cyoda 3 4 2 N 2 I t t a0
| TaEES |RENTAS i R ) B ol 5 9 ORI © ) 5 (S 3 4 M8 < A0
| SAWAN SE G [¢] ¢ ] o6 C © B u c © H ' 3 4 = s d L 3 2 1 4
l_ TITHERS fis=loe @ F @ of a2 o gl Maarr gt | el 58 283 5 R S :8
Tl T L 6 & & o o EREEC r;| e N o >4 e SEE : 75 N
b INCFTCTAL | 04 30 90 50 0o .o0 80 00 00 aa| 2z2 &R0 B S E e S ! 9 wWed 20 w2 wss ses seer| wme  won
' oL oA 6 e TR S v el s6 PETI=T] IS 17 268 o 136> & 17 sl 262 seoml am Nase
! a1 ¢enor ISOFTOTAL 1 19 350 387 sea 03 MSs Nn xo:uol 267 G 25 1D << N RE a1 2 2 I an 388 s o357 X0 1 l 10ce @
b RSl e : i = — y el l | = | —

SEEDLINGS: 5 55 YIELD PERHA - b TREATALENT . YES ! NO | QFFICER IN-CHARGE
Rs ko] (o 3 S M- - DETAILSOF TREATM =N :

1) |

]

NEXTLRS: o = S, k. ATE: 8




>TAND TABLE PROJBCTION
(RDATA INPUT FROM LINEAR REGENBRATION SAMPLING)

REGION  :SANDAXAN BLOCK NO. 19638A COMPTNO.: ARE. SAMPLED (HA) : 324 COUPE YEAR : 1963
FRESERVE:MALLA  AREA(HA) : 634 AREA(HA) - M/A __ SAMPLLYG INTENSITY : 47% YEAROFLRS : 1985
ADVANCE GROWTH (10<60CM D8I} - [ OTHER BIG TREES [>0CM DBH} | TOTALSUMMARY T ==
i , LDBH (em) | TII<ZD 20<30 R<4040<5) <60 60<70 70<30 80<90 >0 1D<0  >o0 | 30<0 $0<30350<6060<20;0<80 <% HN<i0 >N >60 GROSS NET ;
2D.M AL (ciyT) 0s O0S 05 05 G5 04 03 02 0.1 05 05 05 04 903 02 01 >0 >30 >80 | >60cm | -
ATRANSITION PROBABILITY 025 025 025 025 025 020 015 010 005 ¢25 025 025 9020 013 010 005 o i E
AMEAN ANNUAL MORTALITY % 9 2 2 & 2 1 1 0 0 3 2 2 1 1 Q g E= 3
SRECRUTUMENT {no.of i) | S | z 3
&8(EAN CLASS G.VOLUME(m’) 04 053 LIl 205 325 3394 712 952 125 .13 205 325 4™ 712 952 12.5
ZSTAND AT YEAROF LRS T
2. Treessba 1640 1671 1252 339 573 56.15 ] 008 000 O00C 133 142 039 034 453 4537 6123 23.17 453
b. G.»ol m%ha 656 335 1390 1105 1862 53.99 000 00¢ 000 9.2% 1010 &SI 424 3213 3213 91.12 75.30 3213 19.23 | 1935
| SPROJ bcrED STAND TABLE(vanngb(o X) | |
YEAR 2. Teeeyha 402 143 1232 663 507 143 000 000 €00 53.00 1.93 000 000 000 41 151 1w 043 437 437 5737 2992 5.30 | |
,: b. Gael m3ha 561 733 1367 1360 164¢ 743 000 000 00 57.29 748 \ 000 GUOO 000 4697 10375 963 536 3236 3216 90.05 3359 39.34 2390 ) 312 ] 1950
YEAR 0 a. Treewha 1231 1323 1135 739 496 234 019 000 000 50.03 263 000 0rfd 0.00 LG 149 L4 0.53 422 422 54.25 3094 635
b. Gyol m3vha S8 701 1304 1515 1640 1157 204 000 000 56.39 1361 . 0.00 000 000 3523 1B.4 1037 563 333 33.3—!, 89.73 9124 4695 17| 1 | 195
YEAR 15 a. Ticesrha 159 1173 1094 774 5407 500 030 004 000 4752 3741 oo 060 000 079 (42 135 064 409 449| 5161 31.53 7.33 |
! b. Gaol m3/ha \ 480 624 1215 1587 1647 1430 497 041 000 58.52 2007 coa 000 000 592 10.00 1191 S.06 3333 3153 9.4 93.54 54.08 Rz SN B R f 2000 ||
YEAR 20 2. Treegha \ 1160 10.6S 104 727 523 351 116 044 000 45.30 4.32 000 006 09 059 1.8 X 077 398 399 | 49238 3135 380 | |
b. G.vol m2/ha | .64 S65 11.16 1592 17.08 1736 324 1364 005 54.36 27.02 000 QUG 000 294 9013 1275 962 M4l 3441 4373 19551 6143 3586 | 4.19| 2005
I YEAR 28 a. Treesha 113 98 920 1356 534 3™ w63 030 4002 43.30 539 002 000 00 045 L1134 140 @90 339 389 47.19 31.59 9373
i b.G.volm3hs 155 521 10.21 1550 1736 1743 1160 233 023 5283 13 000 002, o0dUa 22 315 1323 11.29 3493 3193 3776 11218  69.11 41.47 | 424 2010 J
YEAR X 1. Treessba 1L26 923 K44 7.22 536 429 209 Q.52 005 41.50 695 000 400 000 033 140 143 L0+ 331 331 4531 N7z 10.76
b. G.vol m3ba | 150 439 936 1479 1743 2120 1439 491 060 50.%3 160, 000 0060, JON 165 715 1359 1303 3543 35.43 3641 11863 7104 46.23 | 420 | 2015
YEAR 38 a. Trcestha 119 38t 279 630 529 $56 253 058 0.0 39.83 797 000 600 000 025 Q@37 1L 119 374 374 43.63 31.59 11.71
b. Gol @3/ 143 467 365 1394 1709 2253 802 74 12 +3.92 .18 000 0 000 124 0620 1367 13.32 3593 3593 M 1438 35.10 | 31.06 | 436 l 2520
TEAR W 3. Trcesha 1.16 853 727 637 534 474 294 103 017 33.45 8.93 ¢00 000 000 0.9 025 142 .33 349 349 42.14 31.39 £2.62 |
b. G.vol m3ka [l46 452 367 1305 1670 .43 2091 1022 213 45.50 56.5% 02 000 0.00 093 S532 1354 16.61 3540 36.50 3220 13057 7310 5321 4043 2025 |
YEAR 45 a. Teces/ha 1 .14 333 82 S9 193 421 330 e 227 37.21 852! a0 G0N0 0C0 014 063 139 147 363 31064 40865 31.20 13.46
L Goal 550 | ey 442 761 (.21 1603 392 2343 1345 337 4.7t 64221 000 040 003 Q70 4352 1325 18.39 3437 1687 3158 13693 (0109 || 6065 | 451 | 20X
YCAR 50 2. Tresha 1".12 370 654 558 469 486 361 177 040 ¥%.14 1063 000 000 000 0.11 05% 135 L6l 3.60 340 39.73 31.03 1424 |
b. G.voi m¥ba -5 435 720 1145 15.26 24.03 563 1631 497 127§ T1.4¢ | 000 @00 0.30 452 35 11LH 20.13 3731 3731 .07 14277 1030 65.28 [ 439 | 2035
YEAR 55 2. Tecesfba . g2 &1l 63 5z6 3445 43} 386 213 055 55.2% 11 36 ouvwa 000 000 0B 045 129 175 357 357 33.31 30.95 14.93 ‘l
b. G.vol m3/ba <45 4 699 1079 1445 23.32 2747 029 693 141.99 7350 000 000 000 039 321 1232 2132 3779 377 7372 343 11624 F 62.74 | 467 | 2040
YEA4R 2. Vreevha 11,12 303 6&12 500 421 473 405 1S5S0 0.74 H.49 12.0t 000 000 080 006 933 113 1.37 354 354 3304 30.53 15.56
b. G.vol m3/'ba 445 427 630 1024 13.67 536 2534 25.77 924 3743 3521 000 0Qud» 0Cd 029 2.63 iL73 23.44 3Bi14 W[4 7156 15406 12335 74.00 | 4.76 | 2043
YECAR 65 3. Treesha ol 301 592 473 3493 480 419 23S 095 33.83 1259 0 04 000 Ov 031 .17 2840 352 332 37.4¢ 20.37 16.11 }
b. G.vol m3/ha 445 325 665 930 1295 2271 2231 2717 1190 33.0v 91.60 | n0) 00) 600 032 273 1i8 2498 3852 352 /.61 15950 1303ty 73.07 | 435 | 2050
YEAR T A Trecvba 11,11 799 500 460 3573 443 427 320 L19 33.3¢9 13.10 000 00 000 003 026 (.10 213 350 350 36.39 .39 16.60
5. G.vol m3ha 144 423 655 9.4 71230 2195 3039 3043 1438 3896 9766 000 0D 000 047 185 1043 2643 3357 3837 | 7534 16482 13653 | 4102 | 493 | 2958
YEAR 75 a. Trees'da 11 797 533 447 361 428 430 352 145 3299 135S 000 000 000 003 021 103 222 349 349| 3643 3095 1704
b. G.vol m3/ha 44 422 647 916 1174 214 3064 2349 1813 3%.03  103.40 0@ 000 €D0 012 152 976 230 921 9.2 75.24  169.97  142.8) 35.56{ 502 | 060
% YEAR #] 8. Treeada 1 79 S5 43 3.4 411 430 331 1723 3268 13.95 00 00 Oov3 002 @9 095 233 349 349 35.16 3103 17.44
0 b. G.vol m3/ha |48 1 642 393 1120 W3 3061 3623 2162 35.23 10882 000 Ol 000 Of9 135 909 2805 31960 60| 7487 17504 145.42 3905 | sir] 2065 |
S LI9MAIOVER 8- YEAR PERIOD (av’rharanomi) s 136 a0 009[ -020 133 145 ]
SN 0. STAND AT YEAR 60 (CALENDER YEAR : 2030) ASSUMPTIONS : 2) 4% weas asnvalmoralify 1n 10<20cm, 2% in 20— 60cw 1% 10 60 - 30 classcs and 0% iu80cm dbh 4
8 3) Adv gowth (10<606cm DBHYba 3721 trees “42m’ b) Eqeal rat of growth fo7 10—-60 dbh classes (growing stock) asd cunstal decliang rate from 60 m.
= b) Advgrowth (>60cm DBH)/ba 1982100 4.2 m” <) Rocruitaxcot ot 5 trees 1aw the 10<20 cmdba classfor each 5—year periad.
) Beg trees(>30cm DBil)Aa D365 10ces 3687 m® d) No auigronth lor &h clxs of 20 cm aud 3bove.
m d} 8ig tres ( >60an DBH)ha 2 3.64 tores 3687 m’ ¢) Tree voiune based na Shading Troe Volume Table of Satah Focest Department
;3 €) Mcrchaooblc trecs (> 60cm DBH = Big uess + Advance promb) 2) 10% (mventnry — Malaa FR ) Reducdou factor (rom gros o met whime is 1 {0%
Y ) Geosva  13.46 trees 10109 o’ ) 1528 weevha
it} Netmi X (60% of goss) 60.65 m* 451 m’/tree i) 3327 o'iba

f) Coupctompt chasibc tina 1 C1ASS 2 (60<30 m’Mha: Adequately sincked) Ui) 545 attree
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Monthly Report for Logging Road
SME CARRIAGZWAY WIDTH
IDR ROAD LENGTH
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Appendix 6 : Proposed data to be captured on the pilot project of Luasong

1. Rattan plantation data

a. identification - compartment n©
- compartment area
- sub-block n©
- sub-block area

b.  plantation - species planted
- cane type [small or big]
- planting date
- contractor
- planting density (Dp)
- planted area (Ap)

C. 1st census - date of census
& - survival rate
2nd census - net planted areas
- shade class

d.  Maintenance - planned date ] Row slashing
- actual date t Circle weeding
- contractor J (Shade adjustment)

e. Harvesting - planned date
- growth rate of species ((Rg)
- yield expected (=Rg. dp. Sp)

2. PISP results

a. Plotsin - plot nO or sub-block n©
comm. plant - species
- survival rate
- length/plant. mean and STD
- nb of sucker/plant. mean and STD
- length/sucker

b.  plantation trials - nO of plots

- location

- species or provenance
growth rate





