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Foreword

Forest, Science and Sustainability:
Bulungan Model Forest
Specialists in tropical forestry generally agree that
to achieve sustainable management of production
forests one must be able to convince private
companies that they can benefit from adopting
forestry practices that cause less damage to the
residual stand. Likewise, government agencies have
to develop new rules and regulations based on solid
economic and ecological data that reduce private
companies’ administrative burdens and operating
costs while keeping the environmental impact of
production activities to a minimum. One must also
find ways to reduce conflict between private
companies, local communities, national and local
governments and environmental organizations. That,
in turn, requires better understanding of the needs
and expectations of each party.

These things are much easier to say than to
implement in the field. Nevertheless, over the last
five years a unique partnership involving researchers
from several institutions with government officials,
private companies, NGOs, and local communities has
made significant strides towards achieving these
goals in the District of Malinau in East Kalimantan,
Indonesia.

The initial initiative for this partnership came
from the Ministry of Forestry of Indonesia and the
ITTO. The strong political support from the Ministry
and the generous financial support and technical
advice from ITTO provided a framework in which it
was possible to attract additional contributions from
the MacArthur and Ford Foundations, ACIAR, IFAD,
CIRAD-Forêt, IRD, PT INHUTANI II, PT Trakindo
Utama, Caterpillar Asia, LIPI, and others.

Within the partnership, Indonesia’s Forestry
Research and Development Agency (FORDA) and

the Center for International Forestry Research
(CIFOR) have played the leading role on the research
side. Scientists and students from LIPI, CIRAD-
Forêt, IRD, and several universities have also
participated. Indonesia’s Ministry of Forestry, PT
INHUTANI II, PT Trakindo Utama, Caterpillar  Asia,
the District Government of Malinau, several NGOs
and dozens of local communities have all been
heavily involved on the development and
implementation side.

Through their experiments at a commercial
scale, the researchers have been able to demonstrate
that Reduced Impact Logging practices can not only
reduce damage to the residual stand by 50%, they
can also improve companies’ profits by increasing
the productivity of their felling and skidding
operations. The researchers also showed that
companies could harvest 7–9 trees per hectare and
still keep the damage to the residual stand and to soil
and water resources at an acceptable level. If the
companies follow these guidelines they probably
wouldn’t need to engage in costly regeneration
treatments. Thus, the government would no longer
have to require such treatments and monitor their
implementation. This is obviously of interest to both
the companies and the government agencies. Since
several companies such as PT INHUTANI II and PT
Trakindo Utama have been involved in the process
from the start they can feel completely confident
about the reliability of the results.

By using a new technique called
Multidisciplinary Landscape Assessment the
researchers were able to carefully document which
animal and plants species different groups of local
people used and how important these species were
to them. These efforts gave special attention to
previously marginalized groups such as the Punan,
who have traditionally been hunters and gatherers
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and depend very heavily on the forests for their
livelihoods. Such assessments, as well as systematic
reviews of existing literature from other locations,
are now beginning to serve as the basis for discussions
about land use planning. They are also contributing
to identifying new forestry practices and regulations
that can help to protect those plant and animal species
that communities value the most. This will help to
minimize conflicts between companies and local
communities resulting from practices that negatively
affect the species that local people depend on.

Multistakeholder dialogues involving national
and local government officials, private companies and
local communities, and participatory mapping of
community land claims provide other important tools
for reducing conflict. Indonesia still has limited
experience with these tools, so they must be tested
to determine what is most likely to work under local
conditions. Recent workshops at the district level and
mapping exercises in some 22 villages have provided
valuable lessons for how such methods could be used
most effectively in the future.

To move from tests and validation to wide-
scale implementation one needs to train and mentor
local foresters, government officials and the students
that will be the foresters of the future. Hence, from
the beginning, capacity building has been an
important part of this partnership.

As the two executing agencies involved in
this effort, FORDA and CIFOR are extremely
grateful for all of the support that we have received
from ITTO, the Ministry of Forestry and the other
agencies and groups mentioned above. We have a
long-term commitment to working in the Malinau
District. We are convinced that efforts such as these
will go a long way towards advancing ITTO’s Year
2000 objective for sustainable forest management,
and towards achieving the goals of all the groups
that have taken part in the efforts in Malinau over
the last few years. We hope that you will find this
report of use in your own activities and we look
forward to working together with you to achieve
sustainable forest management in the coming years.

Ir. A. Fattah DS,  MBA
Director General
Forestry Research and Development Agency
(FORDA) Ministry of Forestry of Indonesia

Dr. David Kaimowitz
Director General
Center for International Forestry Research
(CIFOR)
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Research in Bulungan Model Forest: the
management of a large, multistakeholder
forest

CIFOR’s research in the Bulungan Model Forest in
Malinau, East Kalimantan took the form of a 3-year
investigation into ways of achieving forest
sustainability in a ‘large forest landscape’ with
diverse, rapidly changing and conflicting uses.
CIFOR took a challenging approach to the research
that emphasized the need to devise better methods
for an iterative research process so that all the key
players could participate in defining research
priorities to address long-term forest management and
sustainability. The work proceeded along several
complementary lines where technical, institutional
and economic factors could be assessed and
combined successfully. The lessons learned provide
baseline information that will support longer-term
research.

Reducing the impact of logging on the
forest

The main objective of this work was to assess how
far reduced-impact logging (RIL) can reduce logging
damage under varying felling intensities. RIL
significantly reduced damage to the residual stand,
and the cost savings from RIL skidding outweighed
the additional costs of training and supervision. One
of the most important benefits was the significant
reduction of wood waste left in the forest,
representing a saving of about 11% for each cubic
metre of commercial volume produced. Introducing
RIL increases initial costs, but the fellers and skidder
operators involved in the experiment found they were

Executive summary

able to meet the same daily volume in a shorter time
than using conventional techniques.

RIL is a silvicultural approach, but the
techniques can also combine with the forest dwellers’
dependencies that the project’s biodiversity research
highlighted. Reducing damage to forests during
harvesting is the most obvious step in lessening the
impact of logging on vertebrates. In particular, it is
important to minimise the area of severely damaged
forest.

RIL techniques, as part of a more moderate
extraction regime, are essential, not only from the
perspective of the growth and survival of the residual
stand, but also the longer-term ecological
sustainability of the forest. New silvicultural
prescriptions should be considered as a way to
improve forest-harvesting operations.

Biodiversity across the landscape

The main objective of the project’s research into the
biodiversity of the area was to use multidisciplinary
methods across the landscape to provide clear, and
where possible, quantifiable, information on the local
values placed on flora and fauna.

Our studies have provided baseline data on
several major taxonomic groups. In many cases, and
for plants and fish in particular, the records are part
of a wider collection of information that includes
geographical locations, ecological parameters and the
needs and preferences of local communities.

The natural forest is threatened because
current forest degradation is happening so fast. The
forest understorey may be a key factor in conserving
species that are valuable to local people, as well as
preserving the habitat and controlling soil erosion
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and water turbidity. The CIFOR research has allowed
a GIS database to be started that could be used by all
the stakeholders as one of the mechanisms for
coordination and consensus on forest management.

The Malinau work has highlighted the need
to understand in detail the effect that management
techniques have on species important to the local
people. There are also many species of global
conservation interest in the Malinau area. Through
our review of what we know about the sensitivities
of these species it will be possible to formulate
improved guidelines for forestry practices.

Forest people’s dependency on forest
products

CIFOR sought to investigate the nature of the forest
dweller’s dependency on forest products in the
Malinau landscape. Economic dependency on forest
products is seldom the result of free choice; it is often
the sole option available to forest people to generate
cash income. The traders decide which product they
want to buy; they organize the collecting and control
the marketing chain. It is this dependency that needed
to be understood.

Research among the Punan people showed that
as soon as new options are made available—
labouring for concessionaires, migration to Malaysia,
etc.—the dependency on forest products is reduced.
However, not all forest people are guaranteed equal
rights to access these new opportunities.

Up to now, there has been no real conflict over
the use of the resource between shareholders or even
among the communities. The local government
receives taxes and local communities receive
royalties, while ‘investors’ strike more profitable
deals than ever. There is a clear consensus on the use
of the forest; any conflict is only about the sharing of
the benefits. Affirming the community’s legitimate
ownership and rights to the resource has become the
main concern of community leaders.

There are variations in the degree of forest
product dependency among ethnic groups and among
individual households, as in the case of the Punan
hunter-gatherers who depend more on forest products
for their livelihood than the Dayak swidden
cultivators. Nevertheless, there are common threads
evident in development trends. There is inevitable
tension between increasing access for economic

development and the immediate threat that
encourages the illegal use of the forest.

Coordination and agreement in
boundary negotiations

Boundary negotiations in Malinau highlighted the
deeply political nature of coordination efforts among
local communities, government and the private sector
in the management of the forest landscape, and the
uneven distribution of influence underlying them,
even among seemingly homogenous community
groups. The more intense the underlying struggle,
the more fluid the interests, agreements and
coordination are likely to be.

The research pursued mechanisms for
constructive conflict management, focusing on the
use of agreements to settle dispute. However, the
work revealed that agreement building was not
necessarily fair or acceptable to all the people
concerned. Building a supportive political
constituency through consultation and transparent
decision making was key to creating a more lasting
agreement.

The research demonstrated the nature of
coordination and agreement making in Malinau and
its current vulnerabilities. Very real gains have been
made in empowering local communities to begin the
process of asserting claims to their territories and of
establishing debate about rights associated with those
claims.

Outcomes and future directions

Many views of forest use co-exist within even small
and apparently homogeneous groups. Overlapping
institutions like local custom and government systems
promote different views within groups, but for many
stakeholders their access to the resources and benefits
of the forest are the keys to their feelings for the forest.
The research has also allowed us to understand the
community values and dependencies that have been
largely overlooked by past governments and
concession managers.

The integrated approach to the research
allowed the identification of a number of strategic
problems that need to be addressed in Malinau, with
implications for the management of forests elsewhere.
In general, there is insufficient understanding of forest
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values and changing livelihood options that guide
management objectives. There is increasing
competition and demand for land and other forest
resources. There is a lack of appropriate institutions
for making management decisions. There is a lack
of incentives and processes to encourage improved
practices.

A secure forest estate requires consensus and
stability on where and how the forest will be
maintained and who will gain the benefits. The
situation in a forest is complex because of the range
and diversity of the stakeholders and their
overlapping claims of legitimacy. The CIFOR study
has highlighted much of this complexity while also
clarifying the key aspects.  By understanding how
the forest can yield timber, while also maintaining
other important values to numerous stakeholders, by
recognising the threat and institutional means
available to address them, by understanding how the
needs of the poorest communities of the forest see
changes as both threats and opportunities, we can
build up the understanding that decision makers need
to make better decisions for sustainable forest
management into the future.
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TECHNICAL REPORT 1

T oday the most extensive tropical lowland
and hill dipterocarp rainforests remaining
in Asia can be found in Borneo, in an area

encompassing Central and East Kalimantan, Sarawak
and Sabah. This forest block covers a more or less
continuous area of more than 5 million ha and the
World Resources Institute categorizes it as one of its
priority ‘Frontier Forests’ (Bryant et al. 1997).
Recently the area has been identified as a potential
World Heritage Forest Site. A number of forest
conservation priority setting exercises have therefore
concluded that the area constitutes one of the most
important forest areas in the world for conservation
(Sayer et al. 2000).

East Kalimantan is experiencing ever
accelerating loss of primary forest cover. Yet, land
use and vegetation patterns, both in spatial and
temporal contexts, are not well-documented or
understood because the conversions have been taking
place so rapidly. Up to about four decades ago, the
core forest area was little-disturbed and sparsely
populated by the indigenous Dayak population, who
practiced shifting agriculture and harvested non-
timber forest products. More intensive forest
disturbances began in the late 1960s when
commercial logging started. Initially it was smallscale
tree harvesting with low levels of damage but later,
large-scale logging operations began and had harsh
environmental impacts. As the economy and the
population grew rapidly, various development
pressures increased, yet by the early 1990s the
condition of the forests of Kalimantan was still
relatively good.

The financial and political crisis in Indonesia
since 1997 led to a rapid change in the situation of
the forests of Kalimantan. The depreciation of the
Indonesian currency against other major currencies
and the increase in the export market value of palm

1.  Introduction

oil and coal led to a rapid expansion of land clearing
for oil palm plantations and construction of roads to
give access to coal deposits. Another factor that has
had a major impact on forest resources has been the
devolution of power from the central government to
the district level, including the authority to allocate
logging and land clearing permits. For instance,
permits for oil palm estates are being given for areas
that are still the subject of logging concession
agreements. Barr et al. (2001) stressed that
decentralization has promoted an exceptional race for
claims to forest benefits and resources in Malinau.
The district government has the authority to grant
timber cutting licenses (known as IPPK, Izin

By Kuswata Kartawinata1, Douglas Sheil1, Eva Wollenberg1, Patrice Levang1,2 and Machfudh1,3

1 CIFOR, P.O. Box 6596 JKPWB, Jakarta 10065, Indonesia
2 IRD Jakarta, Wisma Anugraha, Jalan Taman Kemang 32B, Jakarta 12730, Indonesia
3 FORDA, Jalan Gunung Batu 5, Bogor, Indonesia

The vegetation is clearer but after a year or so of cultivation the land
is left fallow and the forest regrows
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Pemungutan dan Pemanfaatan Kayu) which allowed
quick profits and have created incentives for nearly
everyone, including district government, local
communities and ‘investors’ mainly from Malaysia,
to clear forest area rapidly. Yet the local government
has a limited ability to handle the resulting
competition and conflict. Permits for oil palm estates
are being given for areas that are still the subject of
logging concession agreements. These have
disconcerting implications for long-term forest
management. Illegal logging has also been common
in the area and elsewhere. It is a complex system
involving many stakeholders and a way for local
people to get a share of profits from logging
(Obidzinski et al. 2001). The situation has been
aggravated by the occurrence of large-scale forest
fires in some areas. A series of catastrophic fires
occurred in fairly rapid succession between 1982
and 1998. The extent and damage caused by these
fires of the past two decades has been the worst in
history (Dennis et al. 2001). Forest fires may have
a regional and global consequence because the areas
involved are so extensive and the effects are so
devastating.

When CIFOR was established in Indonesia in
1993 the agreement committed the Government to
providing long-term access to an extensive area where
CIFOR could conduct research. The process of
selecting the site took some time. Criteria included a
requirement for an area with potential for long-term
sustainable forest management, a diversity of uses
of the forest including traditional uses by forest-
dwelling indigenous peoples and high biodiversity
values. CIFOR began the search for an appropriate
site in 1994 and, in October 1995, submitted a
recommendation to the Ministry of Forestry for an
area in Malinau District (previously Bulungan
District). The area in East Kalimantan, adjacent to
the Kayan Mentarang National Park, was finally
selected. In January 1996, the Indonesian Ministry
of Forestry designated 321 000 ha of forest in this
area for CIFOR to be developed as a long-term model
of exemplary research-based management. The
creation of this research forest—the first ever in
Indonesia—and the agreement with CIFOR
represented a strong commitment by the Government
and CIFOR to work together at an operational scale
to conduct and apply research under real operational
conditions. The Minister of Forestry approved a
decree for the designation of this research forest in

January 1996. The area is now known as the
Bulungan Research Forest (BRF). CIFOR’s intention
in this area is to carry out long-term multidisciplinary
research activities that  cover the full complexity of
forest management for multiple use.

CIFOR’s strategic research is focused on
policy issues to enable more informed, productive,
sustainable and equitable decisions about the
management and use of forests. In pursuit of this
objective CIFOR has sought to work closely with
the other major international bodies whose mission
is to conserve and sustainably manage forests. CIFOR
therefore recognises the ITTO as an important
strategic partner. Both organisations have an
international mandate and constitute fora for
cooperation and consultation between  governments
and non-governmental organizations. As stipulated
in the ITTO Action Plan, ITTO aims to encourage
and promote sustainable and economically viable
management systems. Cooperation between CIFOR,
FORDA (the Forestry Research and Development
Agency of the Indonesian Ministry of Forestry) and
ITTO through this research and development project
has not only contributed to the achievement of the
ITTO year 2000 objectives but has also enhanced
the relationship between these institutions.

Although we are beginning to understand what
sustainability requires at the forest management unit
level, approaches to achieving sustainability at the
larger landscape scale remain poorly developed. One
of the greatest challenges for achieving sustainable
forest management now and in the future will be to
address the increasing complexity of demands on
tropical forest resources within a constrained and

Swidden clearance is largely concentrated along river sides and more recently along roads
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TECHNICAL REPORT 3

declining area. Demands for tropical forest products,
and for land for conversion or protection are
transforming the way forests look and the way they
are managed, with the result that tropical forested
landscapes are perhaps the single most rapidly
changing land type around the globe. These demands
are complicated by coinciding claims for use or
control of the same area, the increasing number of
social and private interests pursuing their diverse
agendas and the multiple contexts of forest
management, from the local to the regional, national
and international scales.

The aim of the present research is to carry out
a systematic investigation of how to achieve forest
sustainability for a ‘large forest landscape’ in the
humid tropics, where diverse, rapidly changing and
often conflicting land use demands exist. This
investigation requires the development of
understanding of the technologies, policies and
information needed for meeting multiple objectives
both within and across forest types in a given area.
The focus of such a landscape approach is on the
links among different activities. The research will
therefore aim to understand how to strengthen the
synergies and compatibilities among demands, while
minimizing the conflicts and negative impacts on
sustainability.

The initial project  constitutes a developmental
phase within a longer-term research strategy. The
final objective is to achieve long-term forest
management for multiple uses, integrating social,
environmental, biodiversity and silvicultural
objectives. For this reason, four of the six CIFOR
priority programme areas (Sustainable Forest
Management, Biodiversity in managed forests, Forest
Products and People, Adaptive Co-Management of
Forests) have been involved in the area for this initial
three-year period. The first phase of the project has
consisted mainly of gathering baseline information
on the physical, social and economic situation of the
area. A major investment has been made in
developing relations with the political, industrial and
local communities with an interest in the area.
Reduced-impact logging (RIL) experiments
conducted in cooperation with a major industrial
timber company and applied on a concession scale
(1000 ha each year) have been completed. This has
included an assessment of  impacts on both the
environment and economic profitability of improved
logging practices. It has already contributed to

promoting and integrating these techniques in the
current Indonesian forest management system. Other
major achievements during this first phase have
included innovative approaches to biodiversity
assessment and comprehensive studies of a number
of types of traditional local use of forests, especially
for non-timber forest products.

The specific objectives of the activities
conducted with ITTO support were twofold:

(1) Assessment of the effect of reduced-impact
logging (RIL) on biodiversity, conservation,
ecology and socio-economics.

(2) Assessment of rural development trends and
future policy options including the effects of
macrolevel development activities on people
dependent on the forest.

The following account summarizes the
achievements of the objectives and the attachments
in the CD provide a comprehensive set of detailed
individual technical reports on the activities
undertaken by CIFOR, FORDA and their partners in
the area and a list of the publications that this work
has yielded.
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The project’s general objective is to achieve
long-term forest management for multiple
uses, integrating social and silvicultural

objectives. The underlying issue is: what are the
appropriate research methods and conceptual
approaches to guide sustainability for a large forest
landscape, where diverse, rapidly changing and
often conflicting land use demands exist? The
potential technical and development benefits of the
project remain very high. Indonesia, and especially
the people of its outlying provinces, remain highly
dependent on forest resources for income,
employment and a large diversity of commercial
and subsistence products. At the same time the
country is undergoing a critical transition towards
democracy and sustainable development that is
creating new challenges for the achievement of
long-term management of forest resources.

The project is located in the Malinau
(previously Bulungan) district of East Kalimantan,
which comprises one of the richest tropical rain
forest areas in the world. As in forests throughout
Indonesia and in other tropical forest countries, the
forests of Malinau are undergoing rapid change
brought on by the pressures of legal and illegal
logging, mining and agricultural expansion. To
understand and address these pressures, the project
has combined social and biophysical approaches,
and this has allowed synergies and encouraged
flexibility in project design and outcomes.

The area originally allocated to CIFOR
comprised 321 000 ha of forest within what is now
Malinau District. As our work in the area advanced
it become clear that it was not possible to meet all
of our objectives whilst restricting ourselves to this

2. Overview of Approaches and
Methods

By Kuswata Kartawinata1, Douglas Sheil1, Eva Wollenberg1, Patrice Levang1,2 and Plinio Sist3

1 CIFOR, P.O. Box 6596 JKPWB, Jakarta 10065, Indonesia
2  IRD Jakarta, Wisma Anugraha, Jalan Taman Kemang 32B, Jakarta 12730, Indonesia
3  Cirad-Forêt, Campus International de Baillarguet, BP 5035, 34032 Montpellier, France

area. Many of the issues that we were studying were
intricately connected across the broader landscape.
Local people and logging companies were active both
inside and outside the research forest area. Much of
our work gradually came to include the surrounding
forests and their people. Ultimately much of the
content of this report relates to the entire Malinau
District, most of which is forested.

All efforts at sustainable management in
mixed dipterocarp forests carry considerable risks due
to the lucrative short-term gains from destructive
timber extraction. However, we believe that the
approach that we have taken has many of the key
ingredients of possible success. We have applied the
latest technologies, developed intense and ongoing
collaboration with industry and the Indonesian
government, and significant engagement with local
communities. Given the pace of economic and
political change in Malinau it will be important to
define success as measured on the scale of the overall
district, with some forest protected, some forest used
for multiple uses and some converted to other land
uses. It is hoped that the research forest can serve as
a testing ground for community-based approaches
to forest management.

The question of how to achieve ‘sustainable
forest management’ in Malinau is clearly neither
purely a biophysical question, nor purely a social or
economic one. The most obvious aspect of this
complex issue is indeed that the answers require a
cross-disciplinary effort and multidisciplinary
solutions. With this in mind, CIFOR’s multiple-
element research design has been a first attempt in
developing a suitably broad programme where
technical, institutional and economic factors can be
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assessed and combined in an appropriate way.
Because of the breadth of this effort and the many
changes taking place during the life of the project,
we are now in a much stronger position to identify
both priorities and the steps required to find
acceptable solutions to the many local challenges.

Since the project is the first phase of research
and much of the information collection has been
aimed at establishing a basic assessment of existing
conditions and trends, a comprehensive coverage
of the main issues and perspectives was given
preference over a more restrictive and integrated
research programme. The value of maintaining such
a flexible approach has been well borne out in view
of the many unpredicted changes that have occurred
in Indonesia in general and Malinau in particular
since we began work in the area. Links have
emerged naturally from the various research strands.
Thus the Multidisciplinary Landscape Assessment
(MLA) approach has much complementarity with
the forest product dependency and the redesigned
ACM (Adaptive Co-management) approaches. All
of these research groups have worked on
understanding the diversity of socio-economic and
ethnographic issues and particularly on being
sensitive to local people’s perceptions of the
environment and the changes taking place. All the
research teams have attempted to explore the
potential key aspects of sustainable forest
management in the area and particularly of how
reduced-impact logging (RIL) might be designed
in the future. There has been a major effort to link
and integrate the components of the specific
Objectives 1 and  2 of the research project.

External factors slowed several components
and reduced the overall efficiency of the project.
These included a major fiscal crisis within the
government of Indonesia preventing intended
counterpart contributions and affecting the collection
of baseline geographical information. The lack of
baseline maps and other ancillary geographic
information including basic topographic maps was a
major constraint. These are primordial requirements
for the planning and implementation of component
activities in almost all components, principally in
landscape assessment and biodiversity, piloting of
RIL, assessment of forest products and the conduct
of participatory boundary mapping for villages.
Interpretation of existing Landsat satellite imagery
for Malinau forest area and Radarsat imagery

prepared by a hired private company proved of
limited use for the purposes of topographic/contour
mapping, precise boundary delineation, and current
land use classification. Hence, most of these
activities have to be done on the ground with the
use of GPS, compass and other surveying equipment
supported by ground truth interviews and data
gathering in view of the wide geographic
discrepancies in control points and the fact that land
use classification can only be interpreted at the first
level of classification, comprising primary,
secondary or logged forest – over forest, coal mining
areas, and locational referencing of existing villages.
This problem will continue to hamper future phases
of project implementation unless more accurate,
cost-effective, and acceptable options for base and
land use mapping are found and conducted.

The approaches adopted in the
implementation of the project are described in the
following accounts.

Research on Reduced-Impact Logging
and Conventional Logging

The present Reduced Impact Logging (RIL) studies
constitute a developmental phase within a longer-
term research strategy on sustainable forest
management in the Bulungan Research Forest. The
initial objective of the silviculture component of the
project was to start logging experiments, focusing
mainly on the implementation of RIL techniques by
INHUTANI II, a state-owned forest enterprise. This
work was conducted in the Malinau concession of
INHUTANI II with technical supervision by CIFOR.
Research on the immediate and long-term impact
of timber harvesting with conventional (CNV) and
RIL techniques from both environmental and
economic perspectives  was carried out. The overall
objective was to promote the integration of RIL into
logging techniques at the concession scale.

The RIL technique is one of the important
elements of sustainable forest management with
which we experimented in the project. The first step
of the process was the formulation of RIL guidelines
in cooperation with INHUTANI II and in
consultation with other cooperating agencies and
stakeholders. These guidelines have been
summarized as a ‘how-to’ manual to be used for
field training and piloting future large-scale
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implementation. The guidelines conform to
Indonesia’s current selective logging and planting
system, Tebang Pilih dan Tanam Indonesia (TPTI)
and are intended to provide techniques and
directions for reducing harvesting damage to
residual trees, soils, hydrological functions, and the
general forest environment during logging
operations. If properly followed and implemented
they would ensure a viable residual stand for
succeeding cutting cycles, serving as a solid
foundation for sustainable forest management.
Current TPTI prescriptions can therefore benefit
from an improved  approach to timber harvesting
through the procedures and approaches contained
in the RIL guidelines. These guidelines have been
used effectively in the training of INHUTANI II
technical staff for utilization in its harvesting
operations.

Comparative analyses were made on sample
plots to compare the impacts of RIL with
conventional logging currently being implemented
by INHUTANI II in its Malinau  concession area.
These experiments were carried out on two blocks
of about 100 ha each in the hilly mixed dipterocarp
forest inside the Bulungan Research Forest.
Logging damage was evaluated and compared on
the basis of pre- and post-harvesting stand
inventories in 24 sample plots of one ha each set
up in the above blocks. A comparison of costs was
based on another two blocks harvested with CNV
techniques in 1998. Since the scale of the
experiment did not allow for the inclusion of all
logging costs, particularly those related to road
planning, road construction and log transportation,
this study focused only on planning and the
operational costs of felling and skidding.

The results of the RIL pilot phase
implementation are intended to be inputs towards
improving the current TPTI with the aim of
achieving sustainable forest management and
development throughout Indonesia. Overharvesting
and bad logging practices have to be regulated and
sustainable forestry harvesting guidelines
implemented if logging intensity, damage to residual
stands and environmental damage are to be reduced.
Current operating guidelines often result in logging
damage that is beyond acceptable thresholds and
jeopardises natural regeneration and the integrity
of forest ecosystems.

Biodiversity

The Malinau area of East Kalimantan was, until
recently, little known biologically. It was suspected
that the rugged and forested landscape, adjacent to
the Kayan Mentarang National Park, would reveal
high value in terms of its plant and animal species.
A major emphasis of our activities has been to begin
to document this vast biological wealth. This research
has had three major components: 1) finding out what
occurs where, 2) assessing to whom it matters and
in what way, and 3) identifying what steps are needed
to maintain this biota in the future. The first two have
required extensive fieldwork in both the wider
landscape and, in a more focused way, in the
experimental harvesting site, while the last has
required an extensive review of current scientific
knowledge. Together, these three strands of
information help define priorities that reflect local
considerations and can inform a wide range of
processes, from the development of reduced impact
logging guidelines to international forestry and
conservation policy.

The main activity has been termed the
‘Multidisciplinary Landscape Assessments’ (or
MLA), which has aimed at developing a baseline of
environmental information that explicitly includes
factors needed for land use planning and biodiversity
assessment. Four phases of fieldwork were
completed in seven communities with site
descriptions for 200 plots. Comprehensive data were
collected relating to local landscapes, locations,
biodiversity, and local people’s perceptions of forest
resources using various procedures. The data
included vegetation and soil analysis and some
information on significant fauna. Socio-cultural
information such as history of settlements, people’s
attitudes to forest resources, and the traditional uses
of these resources were included in the study.
Additional surveys applied similar methods to fish,
reptiles and amphibians.

In addition to these main surveys, wildlife
assessments in the RIL and CNV blocks in Malinau
were conducted by the Wildlife Conservation Society
(WCS) prior to logging. WCS also carried out
biodiversity reconnaissance surveys in the Tubu
River area of the BRF prior to project implementation
to complement the data from the Malinau river
catchment.
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Forest Product Dependency

This component produced several benchmark studies
to elucidate the nature and extent of dependency of
various ethnic groups in Malinau on forest products,
and their possible contribution to the livelihoods of
these people. There are variations in the degree of
forest product dependency among ethnic groups and
among individual households, as in the case of the
Punan hunter-gatherers who depend more on forest
products for their livelihood than the Dayak swidden
cultivators. While forest products abound in the area
and provide much of the livelihood needs of isolated
communities, downstream areas have other options
available in agricultural and off-farm activities.

A comprehensive agro-economic survey was
completed in five villages located along a
downstream-upstream transect covering four ethnic
groups. Four in-depth anthropological studies were
conducted of key forest societies in the study area,
particularly the Punan people, in order to understand
how they are responding to rapid social change and
the implications for forest resource use. Using
Indonesian students, a series of five socio-economic
studies were conducted on specific topics of relevance
to the project objectives. These included a survey of
forest product trading activities in the BRF, an
assessment of the primary and secondary impacts of
forest concessionaires on local households and a
comparative analysis of unofficial logging activities
in different districts of East Kalimantan, including
Malinau. In collaboration with INHUTANI II, local
communities made a preliminary study of the
potential uses of waste timber. One study focused on
the availability and exploitation of fish, a key resource
for communities that is rapidly being depleted in the
lower reaches of the Malinau River.

Adaptive Co-management of Forests:
Negotiating More than Boundaries

This overall objective of this component of the project
is to empower  local communities to promote their
own  concerns and hopes for forest use and
management. Specifically, we hope to strengthen
their ability to  resolve conflicts,  negotiate, and
understand principles of governance and related tools
they can use to achieve better outcomes for
themselves from the exploitation of their  natural

resources. A variety of methodologies have been
tested for improved coordination of forest
management. Workshops on emerging topics have
been organised, involving an array of stakeholders.
Policy briefs have been prepared to inform
communities of new laws and procedures.  Visits have
been organised to other parts of East Kalimantan to
examine future scenarios and experiment with
participatory mapping.

The project made preliminary observations of
existing decision-making institutions in communities
and explored the options for linking these to other
stakeholders at the district, provincial and national
levels. This has resulted in increased awareness and
empowerment on the part of local communities.  It
has been highly effective in engaging a wide variety
of communities in aspects of forest management.  We
have particularly gained credibility and respect
among local people by assisting them with the
mapping of their community boundaries. A total of
27 villages have participated in mapping exercises
and 22 have initiated agreements with their
neighbours.

The initial focus on developing ‘future
scenarios’ with local participation as a tool for
investigating potential technological innovation, land
use change and general development trajectories was
subsequently re-evaluated. The approach was adapted
in the light of CIFOR’s evolving work on what we
now refer to as Adaptive Co-management. This is a
more community-driven process with emphasis on
action research and participatory mapping. CIFOR
has reoriented this component to address how to best
coordinate the interests of different stakeholders in a
forest landscape in order to strengthen forest
management. This component has particularly
focused on how to facilitate conflict resolution and
community empowerment in forest areas.

After some experimentation, mapping was
discovered to be the most suitable entry point for
engaging in a participatory, action-oriented research
programme with communities. This was after the
proposed scenario approach was tested and found to
be inappropriate for communities experiencing rapid
social, economic and political change. Nevertheless,
results from the scenario-building efforts generated a
number of Indonesian and English language
publications. The methodologies were exchanged and
refined through training programmes with Indonesian
NGOs, thus broadening the impact of the effort.
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8 General Description of the Bulungan Research Forest

When the Bulungan Research Forest project
started, there was very little published
information available concerning the

region, its people, and its environment. Most of the
available information was very general and focussed
exclusively on issues of commercial interest such as
timber and minerals. To achieve the long term goal
of the project, such information is not sufficient.
Information on topography, soil conditions, river
systems, forest structure and composition, socio-
economic conditions of the local people as well as
the economic development plan of the local
government, including their spatial distribution, are
examples of information that all have important
ecological factors for forestry and agriculture. This
means that baseline information on the Malinau
landscape is very much needed to achieve the goal
of the project and to ensure the application of
environmentally and scientifically sound practices of
sustainable forest management in the area. A
considerable body of baseline information has been
gathered during the course of the project. In some
cases this information took substantial research
investment and must be viewed as a primary output
of the first phase of the project. The information is
presented below in the form of an introduction to the
location and a general description of the natural
resources of the study area.

1. Location

The original Bulungan Research Forest (BRF), as
established by ministerial decree, lies
administratively within Kabupaten Malinau (Malinau
District), East Kalimantan. The western site of the
BRF lies at 2º45’12.38 N; 115º48’7.87 E and the
eastern site lies at 3º21’3.76 N; 116º34’2.79 E (Figure

3. General Description of the Bulungan
Research Forest

By Machfudh1,2

1 CIFOR, P.O. Box 6596 JKPWB, Jakarta 10065, Indonesia
2  FORDA, Jalan Gunung Batu 5, Bogor, Indonesia

3.1). The total area of BRF is approximately 300 000
ha. At its closest point, the BRF boundary is about
18 km from the town of Malinau, Malinau District.
The area is adjacent to the Kayan Mentarang National
Park, where WWF has been collaborating with the
Ministry of Forestry for several years on a major
conservation programme. The two areas constitute
an expanse of more than 1.7 million ha of continuous
forest. They lie at the heart of one of Asia’s largest
remaining areas of tropical rain forest, named by the
World Resource Institute as Frontier Forest (Bryant
et al. 1997). This area covers several million hectares
of forest and includes parts of Sabah, Sarawak, Brunei
and East and Central Kalimantan.

2. Topography

The topography of BRF is rugged throughout, with
its most strongly dissected terrain located on the
southwestern and western sides. From Digital
Elevation Model (DEM) data collected from the

Undisturbed primary hill dipterocarps forest in Malinau, East Kalimantan, Indonesia
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Figure 3.1  Location of the Bulungan Research Forest

Sources:
Peta Administrasi Propinsi Kalimantan Timur, Scale 1: 1,1250,000 BAPPEDA (Land Resources
Evaluation Project), 1999
Peta Administrasi dan Obyek Wisata, Kabupaten Bulungan, Scale 1: 800,000, Bappeda Tingkat II,
Kabupaten Bulungan, Tanjung Selor
Landsat TM Path 117 Row 58 20-04-1991
Landsat TM Path 118 Row 58 08-01-1988
Landsat TM Path 117 Row 58 22-05-1997
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10 General Description of the Bulungan Research Forest

Radarsat satellite,  it has been determined that  84.24%
of  the BRF is mountainous with an altitude range of
about 100 m a.s.l. to almost 2000 m a.s.l.  Of the area,
11.43% is hilly and a very small proportion is relatively
flat (Table 3.1). The rugged topography, which is
mostly located next to the Kayan Mentarang National
Park, might have important role in the existing high
floral and faunal values of the BRF area.

In most of the BRF area, the slopes are in the
range of 25–40%  (39.97%). Conditions are similar
in the area of INHUTANI II Malinau (about 40% of
the area). Table 3.2 shows a detailed classification of
the slope in the area. The spatial distribution of the
slope can be seen on Figure 3.2.

3. Climate

According to the Schmidt and Ferguson (1951)
system, the BRF area has an A rainfall type, where
the dry period is less than two months and the wet
season is more than nine months. Figures 3.3 and
3.4 show the mean monthly rainfall at the town of
Malinau and the mean number of rainy days at the
INHUTANI II camp at the Sidi River, Malinau
concession (Table 3.3).

In the INHUTANI II Malinau concession area,
the highest temperatures occur on cleared land and

the lowest temperature recorded (23.5o C) was in
unlogged forests. Relative humidity is high, ranging
from 75% to 98%.

4. Hydrology

The most hilly areas of the research forest are located
on the southwestern side and the flatter areas are in
the northeastern section. Three main rivers run across
the area. The Malinau River flows from west to east
and then turns to the north. The Tubu River runs from
the middle section of the research forest area to the
north, then turns to the east and meets the Mentarang
River, which in turns joins the Malinau River at Pulau
Sapi. The Mentarang River forms the northern
boundary of the research forest. The two rivers form
the larger Sesayap River. The third major river is the
Bahau River, located on the western side of the area,
flowing from north to south and forming the western
boundary of the research forest. It merges with the
bigger Kayan River. In general, the river network in
the BRF has a dendritic pattern.

Based on the pattern of river flows, the area
may be divided into three main drainage blocks or
watersheds, i.e., the Malinau (44.09%), Tubu/
Mentarang (36.04%) and Bahau (19.86%)
watersheds (Figure 3.5).

Table 3.1  Relief amplitude distribution of the BRF area and INHUTANI II Malinau concession

Relief amplitude BRF INHUTANI II
(% of the area) (% of the area)

Plain   4.32 -
Hilly 11.43 44.47
Mountainous 84.24 55.53

Note: Plain: altitude 0–50 m;  Hill : altitude 50–300 m; Mountain: altitude > 300 m.
Source: Radarsat DEM, January 2000.

Table 3.2  Slope distribution in the BRF and INHUTANI II Malinau concession

Slope Class (%) BRF area (%)         INHUTANI II

0–8% 22.23 9.80
8.1–15% 25.06 13.44

15.1–25% 0.23 30.94
25.1–40% 39.97 37.74

> 40% 12.50 8.08
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Figure 3.2  Slope distribution at the Bulungan Research Forest

Sources:
Digital Elevation Model, 2000
Radarsat January 2000
Landsat TM Path 117 Row 58 20-04-1991
Landsat TM Path 118 Row 58 08-01-1998
Landsat TM Path 117 Row 58 22-05-1997
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12 General Description of the Bulungan Research Forest

5. Geology

The geology of the area is highly diverse. Formations
include volcanic, metamorphic, and sedimentary
rocks (including coal, limestone, sandstones and
siltstones etc.), and extensive alluvial deposits.

The geology of an area has a major influence
on topography and soil development. According to
the geological map of Malinau and Napaku, East
Kalimantan, the BRF geology consists of sedimentary
rocks and intrusional rocks from the pretertiary and
quaternary eras.

Period of measurement

1975–1995 1922–1980 1998 1999

January 226.4 230 104.1 134.2

February 228.7 191 28.25 456.4

March 289.7 251 92.1 223.1

April 285.3 270 107.7 351.1

May 346.7 360 151.8 575.4

June 317.9 332 119.1 374

July 337.8 345 147.5 554.9

August 354.1 335 218.5 527.4

September 289.9 368 297.7 0

October 367.5 369 383.6 0

November 385.4 379 178.6 309.3

December 359.8 299 436.7 313.3

Table 3.3  Average rainfall  (mm/month) at the Malinau weather station

Sources:
Period 1975–1995: INHUTANI II (1997)
Period 1922–1980: INHUTANI II (1996)
Period 1998: INHUTANI II’s Binhut Camp rainfall gauge record.
Period 1999: INHUTANI II’s Binhut Camp rainfall gauge record.

Figure 3.3  Mean monthly rainfall in the town of Malinau
(Inhutani II 1997)

Figure 3.4  Average number of days with rain (per
month)  at Malinau  (Inhutani II 1997) No. Rock Formation Percentage (%)

1. Lurah Formation Embaluh Group 16.47
2. Mentarang Formation Embaluh Group 54.41
3. Paking Formation 0.29
4. Sebakung Formation 0.29
5. Metulang Volcanic 9.12
6. Langap Formation 2.94
7. Jelai Volcanic 7.06
8. Alluvium <0.01
9. Plug, dyke <0.01

Table 3.4  Distribution of the BRF geological groups
(Figure 3.6)

Source: Geological research and development centre (1995)
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Figure 3.5  Watershed of the Bulungan Research Forest

Sources:
Radarsat January 2000;
Landsat TM Path 117 Row 58 20-04-1991
Landsat TM Path 118 Row 58 08-01-1988
Landsat TM Path 117 Row 58 22-05-1997
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14 General Description of the Bulungan Research Forest

Figure 3.6  Geology of the Bulungan Research Forest
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Sources:
Geological Map of the Malinau sheet, Kalimantan. Scale 1: 250,000; 1995 Geological Research and
Development Center, Jl. Diponegoro 57, Bandung.
Geological Map of the Longbia (Napaku) sheet, Kalimantan. Scale 1: 250,000, 1995. Geological
Research and Development Center, Jl. Diponegoro 57, Bandung
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6. Soils

The majority of the soils in the BRF have developed
on rolling plains and dissected hills, on sedimentary
and on old igneous rocks. They range from strongly
weathered and acid ultisols to young inceptisols.
Because of high rainfall, soils are constantly wet, and
their soluble constituents are easily leached out. High
levels of weathering, leaching, and biological activity
(decomposition of organic matter) are characteristics
of most Kalimantan soils.

According to the Land System map published
by REPPProT (1987), most of the BRF area is
dominated by three soil groups: (1) Aluvial Gleiik
(PPT 1983) or Typic Tropaquepts (USDA 1975 in
Tim Survey Tanah 1986) or Gleyic Fluvisol (FAO/
UNESCO 1974), (2) Gleisol Eutrik/Typic
Tropaquepts/Eutric Gleysols, and (3) Podsolik
Ortoksik/Dystropeptic Tropodults/Orthic Acrisols
(Figure 3.7).

CIFOR’s MLA team have gathered
extensive additional information on local soils (see
Chapter 5).

7. The Forests at BRF

The lowland rain forests of the island of Borneo are
globally important for their high species richness and
endemism. Approximately 34% of all plant species,
37 species of birds and 44 land mammals are endemic
to the island (MacKinnon et al. 1996). Existing
protected areas, especially below 500 m elevation,
are inadequate for the conservation of this rich
biodiversity. Therefore, it is important to develop
strategies for conserving biological diversity in the
lowland forests surrounding existing protected areas
in Borneo, as these forests are facing increasing
threats from human exploitation.

Much of the research forest area is categorised
as hutan lindung or protection forest because of its
steep topography. However, some of the area is
allocated to logging concessions and is currently
being logged or will be logged. The reason for giving
this area to concessions might be the high stock of
commercially valuable trees in the forest. Take, for
an example, the Malinau forest concession area of
INHUTANI II. This was inventoried in 1996 and its
standing stock could produce 25.6 m3 per ha of logs
coming from trees of 60 cm diameter and above, or

45.31 m3 per ha of logs coming from trees of 50 cm
diameter and above (INHUTANI II 1996). The
commercial trees are dominated by agathis and
dipterocarp. The agathis is considered the most
valuable tree because of its high basal area in the
concession compared to other commercial tree
species(Kartawinata et al. 2001: Poster). Until 2001,
production forest in the entire area of Malinau District
covered about 56.74% of the whole forest (Sekwilda
2001). In the core research forest area and its
immediate vicinity, commercial logging was already
occurring by the 1980s. At first logging was only at
low intensities and limited in extent. It caused
relatively little  environmental damage. The
magnitude of shifting cultivation was initially small
but developed into larger areas following the logging
roads, and this had significant impacts on forest
resources in some areas. Government-sponsored
transmigration, mostly in accessible areas near the
coast and major rivers, was also growing during the
1970s and 1980s and had significant environmental
and social impacts at a local level. Various
development pressures also increased gradually
concomitant with the rapid economic growth of the
country. In the early 1990s, coal mining began to
encroach into the area and has had a growing impact
on the forest resources and local communities.

The lowland forest surrounding Kayan
Mentarang National Park in East Kalimantan contains
high floral and faunal diversity (O’Brien et al.1998).
This forest region is important to conservation
because: (1) it is relatively intact; (2) it appears to
contain a full complement of species; (3) it provides
a buffer between human settlements and the park;
and, (4) it serves as a lowland extension to the mid–
high elevation habitats characterizing Kayan
Mentarang National Park. This forest is currently
threatened by intense timber harvesting and the
expansion of coal mining.

The core area of the legally designated
Bulungan Research Forest, which constitutes a
portion of the remaining frontier forest in Asia, is
covered entirely by tropical rainforest. The Landsat
TM –5 imagery taken in 1997 (Figure 3.9) reveals
that the forest of BRF consists of primary forest
(97.84%), secondary forest (2.12%) and opened lands
(0.04%). Figure 3.10 shows the floristic zones in the
area. Within the primary forest area the following
forest types have been identified.
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Figure 3.7  Soil type distribution in the Bulungan Research Forest

Sources:
Land system and land suitability map of Malinau Sheet 1819. Series  RePPProt 1987.
Land system and land suitability map of Longbia Sheet 1818. Series RePPProt 1987.
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Figure 3.8  Distribution of Timber Concession Holders (HPHs) in the Bulungan Research
Forest and its vicinity
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Figure 3.9  Landsat TM-5 image of the Bulungan Research Forest

(1)   Lowland dipterocarp forest

Lowland dipterocarp forest is the most extensive
forest type in the area. It is estimated to cover about
98.44% of the total area. Trees may reach up to 35–
40 m in height. Dominant species with diameters of
> 10 cm are those of the Dipterocarpaceae family. A
survey in a lowland primary forest in the central Tubu
River (O’Brien et al. 1998) revealed that 60% of the
tree families and 36% of the tree genera known for
Kalimantan occurred there. Dipterocarps dominated
the canopy trees (14.3%) and trees with DBH >  50
cm (27%). A full complement of large diurnal
mammals was present and the local Punan people
reported a very diverse community of medium sized
and small mammals. Preliminary estimates of primate
densities suggested that current hunting pressure has
not adversely affected the primate populations. Bird
diversity was very high, placing the area among the

Lowland dipterocarp in the BRF along Bahau River
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Figure 3.10  Floristic zones in the Bulungan Research Forest

Classification of the forest is based on Mackinnon, K., et al. (1996).

Sources:
Digital elevation model 2000
Radarsat January 2000
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Landsat TM Path 117 Row 58 22-05-1997

chapter3Latest 4/9/02, 4:04 PM19



20 General Description of the Bulungan Research Forest

richest lowland sites in Borneo. About 30% of birds
endemic to Borneo occurring in Kalimantan could
be found here. At River Tondok and at km-22 within
the Malinau concession (Yusuf et al., in preparation),
the forest showed a high species richness of trees
with DBH > 10 cm, with a mean of 151 tree species
per ha and a mean density of 407 trees/ha. More
detailed information on forest type is presented in
the results of the studies below.

(2)  Submontane forest

From the National Forest Inventory Maps of the
Ministry of Forestry, the submontane forest is
estimated to cover about 0.44% of the BRF area.
Most trees are tall and slim with height of no more
than 30 m.

(3) Riparian forest

Riparian forest is confined to within a width of 10 m
along the riverbanks, mainly in the northeastern part
of the BRF area. It is contiguous with the alluvial
forest inland. The forest is periodically flooded when
the rivers overflow during heavy rains. Dipterocarpus
oblongifolius is usually dominant along the rocky
banks of fast flowing rivers.

(4) Alluvial forest

The alluvial forest occurs in low-lying areas and flood
plains. In the research forest,  it is confined mostly to
the northeastern sector and covers only a small area.
The canopy of alluvial forest may reach about 22–
26 m in height. Species of dipterocarps are mostly
common in this habitat type.

The Landsat imagery showed that secondary
forests occurred mostly close to rivers and the most
extensive area can be found in the northeastern sector
of the research forest, in the vicinity of the villages
of Sentaban, Pulau Sapi, Mentarang Baru and Long
Paking and along the Malinau River, all the way to
Long Loreh. There are scattered patches of secondary
forest along the Hong River and Bahau River. Most
of them are abandoned shifting cultivation areas.

8. Socio-Economic Aspects

(1)  Population

The indigenous population of  the BRF, especially
in the Malinau and Tubu watershed areas, consists
of several ethnolinguistic groups, including the
Merap, Punan, Kenyah, Putuk and Abai. The largest
group is the Punan, who inhabit approximately 30%
of the villages or constitute about 17% of the whole
population of Malinau. Other groups, such as the
Muslim Dayak, live close to the town of Malinau,
outside the research forest boundary. In general, the
ethnic groups are considered as forest dependent
people. They are considered as agriculturists,
practicing swidden cultivation of upland rice and
hunting-gathering, and collect non-wood forest
products. Of all the ethnic groups, the Punan are
the best known for practicing hunting-gathering.
Figure 3.11 shows spatial distribution of ethnic
groups in the BRF area and its vicinity.

The core research forest  area has a low
population density, with approximately 5–6000
individuals distributed over an area of about 300
000 ha (i.e. about 2 individuals/km2). Of the villages
in the Malinau and Tubu watershed area, Long
Loreh has the highest population. This village is
composed of four different communities or desa,
each one inhabited by one ethnic group. They are
Desa Loreh, Desa Pelancau, Desa Sengayan and
Desa Bila Bekayuk. Desa Loreh is inhabited by
Kenyah Leppo’ Ke, Desa Pelancau by Punan
Malinau, Desa Sengayan by Merap, and Desa Bila
Bekayuk by Punan Tubu. In 1999, the total
population of the Loreh area was approximately
1171, comprising 543 Kenyah, 128 Punan Tubu, 250
Punan Malinau, and 250 Merap (Gonzales 1999).
There is a small immigrant presence, particularly
of Buginese people.

In the Bahau River watershed, the Punan are
also dominant and consist of the Punan Benauli,
mostly living in the Lurah and Middle Bahau areas,
and the Punan Tubu, living in the Upper Bahau. The
Punan Benauli came to the region with the Kenyah
Badeng about a century ago. They began gardening
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22 General Description of the Bulungan Research Forest

(cassava and taro) and subsequently also practiced
swidden farming.

(2)  Land property

Two kinds of land rights may be recognized in
Malinau: individual holdings and community land.
Individual land is land from which the products are
for family consumption only. Each household has
about the same size of individual holding and this is
allocated by the community organization (lembaga
adat) headed by a community leader. On the average,
individual holdings are about 1–2 ha per household
for short-term farming use and about 0.2–1.0 ha for
long-term agricultural use.

Community land is called Tanah Ulen. As
village-owned forest land, Tanah Ulen is protected
and managed cooperatively for the common interest
of the villagers. Tanah Ulen provides a source of
supply or storage place for reserves for meeting the
needs of the village people. It provides a reserve of
construction wood, non-timber forest products such
as rattan, gaharu, economically valuable cinnamon
and several types of animals including wild pigs, deer,
river fish, and vegetables and fruits.
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4.  Research on Logging

There is a grave concern about the sustainability
of logging in areas of Indonesia and elsewhere
in the humid tropics, particularly with the

siting of roads and extraction methods which can
cause lasting damage to the soil and impede forest
recovery. The impact of logging on tropical forests
has long attracted the attention of silviculturists and
forest managers. A growing awareness of the need to
protect forest ecosystem functions and to maintain
biological diversity in production forests raises the
question of whether timber harvesting can be
compatible with other forest services, values and
functions. Efforts in respect of sustainable forest
management have promoted the implementation of
reduced-impact logging (RIL) techniques. The main
objective of RIL is to reduce soil disturbance, damage
to residual trees and maintain future production of
timber. RIL has recently been implemented and tested
in various tropical regions, particularly in Southeast
Asia (Pinard and Putz 1996; Bertault and Sist 1995,
1997; Sist et al. 1998a) and South America
(Hendrison 1989; Uhl and Vieira 1989; Johns et al.
1996; Bird 1998). In the context of increased efforts
to achieve sustainable forest management, codes of
practices and RIL guidelines have been produced by
forestry organisations such as FAO, CIFOR and
Cirad-Forêt (Dykstra and Heinrich 1996; Sist et al.
1998b; Durrieu de Madron et al. 1998) as well as
national forestry departments (e.g. Vanuatu Forestry
Department,  and Sabah Forestry Department).

Kuswata Kartawinata1 , Hariyatno Dwiprabowo1,2 and Plinio Sist3

1 CIFOR, P.O. Box 6596 JKPWB, Jakarta 10065, Indonesia
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In tropical forests of Southeast Asia,
dipterocarps are not only the main commercial timber
species but also the main component of the canopy,
where 80% of the species belong to this family.
Harvesting rates commonly exceed 100 m

3
/ha

-1

(which is equivalent to more than 10 stems/ha
-1
)

(Nicholson 1958, 1979; Pinard and Putz 1996;
Bertault and Sist 1997), and logging operations
commonly damage more than 50% of the original
tree population (Nicholson 1958, 1979; Fox 1968;
Kartawinata 1978; Pinard and Putz 1996; Bertault
and Sist 1997). In the TPTI (Tebang Pilih dan Tanam
Indonesia, the Indonesian Logging and Planting
System), all commercial trees with a diameter at
breast height (DBH) of over 50 cm or 60 cm,
depending on the type of forest, can be removed with
a felling cycle of 35 years. These heavy cuts,
associated with uncontrolled logging, cause high
rates of damage, resulting in a seriously depleted
residual stand which will be unable to reach an
acceptable harvesting volume within the cycle length.
The low economic value of these forests makes them
vulnerable to conversion into agricultural lands.
Large canopy openings, occurring in logged-over
forests, increase vulnerability to fire, as was
dramatically demonstrated in Indonesia during the
recent successive El Niño dry events (Bertault 1991,
Laumonier and Legg 1998). Reducing damage to
both forest and soil is likely to shorten the felling
cycle length because it ensures better natural

4.a. Comparison of Reduced-Impact Logging
and Conventional Logging Techniques
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regeneration and growth of the desired commercial
species (Putz 1994). Minimizing the effect of logging
damage to both forest and soil is, therefore, regarded
as the main requirement for achieving sustainable
forest management.  However, the success of RIL
implementation in the field will depend mainly on
the motives of logging companies. At present, the
common belief among loggers in the tropics is that
RIL techniques cost more than conventional logging
(CNV) methods. However, the few existing
comparative studies on economic cost assessments
carried out in the Amazon show the opposite (Barreto
et al. 1998, Holmes et al. 1999). Both studies
demonstrated that compared with conventional
techniques, the main costs of RIL undoubtedly
increased in the planning stage. However, proper
planning, increased labour productivity, decreased
operational costs and reduced waste. Barreto et al.
(1998) demonstrated that RIL techniques resulted in
a net financial benefit of US$3.7 per m

3
. In the eastern

Amazon, Holmes et al. (1999) clearly indicated that
the average total cost of a typical RIL operation was
12% less than the average total cost of a typical CNV
operation. Both studies suggested that in the eastern
Amazon RIL can be financially competitive,
primarily due to enhancement of skidding
productivity and reduction of wood waste.

Given the importance of logging,
experimentation with RIL is crucial for the underlying
goals of the research project to promote sustainable
forest use within the Malinau landscape. The present
RIL studies constitute a developmental phase of a
longer-term research strategy within the framework
of the Bulungan research project. The initial objective
of this component of the project was to start logging
experiments, focusing mainly on the implementation
of RIL techniques by INHUTANI II, a state-owned
forest enterprise, in its Malinau concession in East
Kalimantan. Research on the assessment of the
immediate and longer-term impact of timber
harvesting with CNV and RIL techniques in both
environmental and economical terms were carried out
to promote the integration of RIL into the current
logging techniques at the concession scale.

Central to the successful implementation of
RIL is a clear set of guidelines (Sist et al. 1998), which
define the actions necessary to achieve it. The
guidelines adopted by the studies conform with TPTI
regulations and are based on the ITTO Guidelines
for the Sustainable Management of Natural Tropical

Forests (ITTO 1990) and the FAO model code of
forest harvesting practices (Dykstra and Heinrich
1996). The purpose of the guidelines was to set up
the main rules of RIL implementation in the Malinau
concession; they concentrate on reducing the impacts
of tree felling and heavy machinery on the remaining
stand and forest soil. Under this project the main
elements have been further developed into a manual
that can be easily understood by operators (Elias et
al. 2001).

The RIL implementation in the Malinau
concession could not have been realised at the
concession scale without a preliminary phase of
training and testing. It was aimed particularly at tree
fellers, tractor operators and forest planners.
Chainsaw operators were trained in tree marking and
directional felling techniques. Tractor operators were
instructed in techniques to reduce damage while
skidding by avoiding overuse of the blade and
maximising use of the winch. Forest planners were
trained on stock survey and topography assessments
as well as planning the skidding network using user-
friendly computer software. Although these training
courses were primarily for INHUTANI II staff, other
logging companies in the area and the research and
training agencies of the Indonesian Ministry of
Forestry also participated. The RIL implementation

Logging along the Bahau River near BRF
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was indeed one of the main objectives of the first
phase of the Bulungan research project. The
following sections present the results of the
comparative studies of RIL and CNV techniques in
the context of the need for new silvicultural
prescription and the cost-benefit perspectives.
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Introduction

In the Indonesian selective logging and planting
system (TPTI), all dipterocarps (i.e. timber trees in
the family Dipterocarpaceae) with a diameter at 1.3
m of over 50 or 60 cm (depending on the type of
forest) can be harvested with a polycyclic felling
schedule of 35 years. One year prior to logging, forest
concessionaires must carry out an inventory to
determine the Annual Allowable Cut (AAC) granted
by the Ministry of Forestry. However, in practice
these inventories are generally too inaccurate to
define a satisfactory operational logging plan. In the
highly productive dipterocarp forests of Borneo,
where harvesting intensity commonly exceeds 100
m3/ha-1 and more than 10 trees/ha-1, conventional
logging generally damages more than 50% of the
original stand (Nicholson 1958; Kartawinata 1978;
Tinal and Palinewen 1978; Abdulhadi et al. 1981;
Pinard and Putz 1996; Bertault and Sist 1997; Sist et
al. 1998). Because overharvesting and poor
operational practices are now recognised as an
important cause of deforestation, ITTO member
countries, including Indonesia, are being encouraged
to revise practices in order achieve sustainable
management of the forest estate.

Reduced-impact logging (RIL) techniques are
vital to reduce damage to a level that will preserve
forest regeneration and integrity (Dykstra and
Heinrich 1996; Sist 2000). Several experiments in
mixed dipterocarp forests have demonstrated that RIL
techniques can reduce damage by at least 30% to 50%
compared with normal operations (Pinard and Putz
1996; Bertault and Sist 1997). Most of the studies
comparing damage under RIL and conventional
logging have neglected the variability in natural forest
and the variation in damage that this implies. Thus it
remains difficult to determine how general or local
any conclusion can be. The current coverage of such
studies is very limited. This is crucial as the

4.b. Reduced-Impact Logging in Indonesian Borneo: Some
Results Confirming the Need for New Silvicultural Prescriptions
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proportion of stems damaged is generally correlated
with extraction rates (Nicholson 1958; Bertault and
Sist 1997; Sist et al. 1998a). The main objective of
this study is to assess how far RIL can reduce logging
damage under varying felling intensity.

Study Site and Methods

Study site

The study area is located in the district of Malinau
(2�52’–3�14’N, 116�–116�40’E), within a 50 000 ha
forest concession managed by INHUTANI II, a state-
owned logging company. The annual rainfall is about
4000 mm, with the monthly rainfall varying around
200–400 mm (Table 3.3.; PT INHUTANI II 1996).
The topography is deeply eroded with a dense
network of steep ridges and drainage gullies.
Elevations at the logging site range from 100 to 300
m asl. The location of this work was adjacent to, but
just outside, the formally gazetted research forest
allocated to CIFOR. The location was chosen because
it provided the closest accessible site where logging
was going to occur during the time allocated for this
study.

Permanent sample plots and treatments

Three blocks (27, 28 and 29 in INHUTANI II’s 5-
year plan of operations) of about 100 ha each were
selected in the 1998–1999 annual coupe because of
their similarity, including the local presence of
Agathis borneensis, a very valuable timber species,
which occurred at similar density in these blocks (3
to 4 trees/ha, INHUTANI II forest survey). Because
both blocks 28 and 29 included about 50% of low-
lying forest on soft ground (not true ‘swamp’ forest,
but having some similar characteristics) unsuitable
for logging, they were merged to form a productive
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forest area similar to that of 27. Blocks 28/29 were
logged with conventional logging in 1998 and block
27 with RIL in 1999 (Table 4.1). In the ‘conventional’
treatment, referred to here as CNV, harvesting
operations were not planned and loggers worked
without any additional supervision. In CNV, tree map
inventory realised before logging was not used in the
forest by any operator. In the RIL treatment, all the
operators were first trained to apply the harvesting
guidelines published in Sist et al. (1998b). As part of
RIL, pre-harvesting inventory led to the production
of an operational map of block 27 at 1:2000 scale
showing 5 m contour lines and the position of
harvestable timber trees. Skidtrails were opened
before felling, following a skidtrail network planned
on the operational map. This helped in selecting the
best felling direction. In RIL, logs were extracted by
two CAT 527 skidders. In CNV, a D7G bulldozer
was used for both log extraction and road
construction. The 527 skidder was preferred in the
RIL compartment to a bulldozer because of its less
damaging action on the soil and its higher
manageability in the forest involving consequently
less damage to the stand. Although we recommended

the use of a skidder with a narrow blade (< 2 m) (Sist
et al.1998b), the two CAT 527 skidders that operated
in the RIL block each had a 3 m wide blade. We accept
that including multiple differences between the RIL
and CNV treatment, such as different machinery, can
make it harder to specifically link any one of them to
the reduced impacts seen. It should be noted that the
INHUTANI II-CIFOR site also serves as a
demonstration and training site where we are now
able to show the considerable reduction in damage
that is possible when the full range of RIL techniques,
including lighter, narrower skidders, are used.

Seven different subtreatments, each with three
replicates and a control, were defined to examine
felling intensity (Table 4.1). Before logging, 24 one-
ha plots (12 in 28/29 and 12 in 27, see Table 4.1),
were selected randomly but stratified according to
the respective timber density in each plot, based on
the pre-harvest map stock—a number of minor shifts
in plot positions were necessary to remove road edge
effects and unworkable slopes. Each 1-ha (100 x 100
m) plot was divided into 25 subsquares (20 m x 20
m) delimited by 36 PVC stakes driven into the
ground. Before logging, the girth of all trees and

Poorly planned road construction
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lianas with DBH > 20 cm in the plots were measured
and their position located in one of the four quarters
of each of the subsquares. In the three control plots
of the CNV blocks and the nine plots of RIL 1, 2 and
3, canopy openness was measured using a concave
spherical densiometer at each of the 36 grid points.
Canopy openness was defined as the proportion of
sky hemisphere not obscured by the vegetation when
viewed from a single point (Jennings et al. 1999).

During the harvesting period of block 28/29,
there was increased commercial demand for Agathis
borneensis. Consequently, extraction focused on this
species rather than dipterocarps. Among the nine plots
in 28/29 slated for potential harvesting, only the five
that included harvestable Agathis were logged,
whereas four other plots, with no Agathis, were left
undisturbed. In order to restore the original treatment
allocation, four new plots were set up randomly but
without overlapping the existing plots (two each in
CNV2 and CNV3) in the conventional blocks, in
August 1999 (Table 4.1). Taking into account both
standing living trees, stumps and stems destroyed by
logging (DBH > 20 cm), it was possible to assess the
original tree density and basal area before logging.
Although some trees destroyed by logging could have
been missed during inventory, our analysis shows
structural difference between the original and the four
additional plots (see results). In the RIL  treatment,
one plot was subsequently excluded from analysis
because only one tree, located at the border of the
plot, was felled outside the plot limits, generating no
damage inside it.

The fact that CNV appears to only access a
limited proportion of the available harvest area is a
key contrast with RIL. In RIL the entire compartment
was efficiently exploited, while in CNV, only the
more accessible areas were accessed. Informal
observation of CNV practices suggests that the choice
of where to exploit was largely determined by the
skidder drivers trying to get access to potential harvest
sites from their seat in the skidder and without using
any maps or even foot reconnaissance. This leads to
many dead ends and turns and is likely a major cause
of skidder damage as well as reducing penetration
into difficult terrain. Ultimately, however, this
difference, and the specific and transient demand for
Agathis meant that in our study the conventional
harvesting actually accessed a much lower area than
could have been harvested by RIL. However, it would

appear that RIL provides much more efficient
exploitation of the forest, whereas conventional
methods leave significant amounts of forest intact
and probably therefore much lower volume outputs
per unit area. While this is an important observation
and suggests a number of important research
questions that should ultimately be addressed, it is
not the emphasis of our analysis at this initial stage,
as it cannot be adequately generalised without
additional assessment in more harvesting blocks
across a wider landscape. It may also be that the
concession is unusually privileged in being able to
pick and choose where it can most easily harvest.

Bearing these important caveats in mind, our
analysis focuses on harvest intensities in areas
actually harvested—that is, on damage associated
with felling and extraction in the areas where these
operations actually took place. To achieve an
adequate level of quantification we augmented the
original pre-logging sample to achieve a satisfactory
replication in the harvested conventional areas. Few

Conventional logging in an Agathis-dominated forest using D7G
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studies of logging in the tropics have examined these
effects at the scale we have achieved. Examining real
logging at this scale is never the neat and tidy
controlled experiment that would be ideal. Almost
all logging studies will suffer from issues of limited
replication in time and space—this is indeed why it
is important to replicate at the scale of the studies
themselves. It bears repeating, therefore, that in all
the results and arguments that follow our comparisons
are based on the areas actually (not potentially)
harvested.

Ideally, future studies would be even larger
and provide replication at the compartment level,
allowing us to also begin to generalise the degree to
which intact forest remains in the post-harvest
landscape with RIL and CNV approaches. Only when
we have done that can we generalise these patterns.

Logging damage assessment

In both conventional and RIL, damage was assessed
eight months after logging (Table 4.1). In each plot,
all trees (DBH > 20 cm) measured prior to logging
were recorded as untouched, injured or dead. Snapped
stems without any resprouting were considered dead.
Canopy openness was also reassessed in the 17
logged plots. In each block, all the skidtrails were
mapped and classified as ‘main’ or ‘secondary’. Main
skidtrails were defined as those with at least three
branch skidtrails. Secondary skidtrails had usually
no branches (Chabbert and Priyadi 2001). The total
volume extracted from each block was estimated by
measuring the length and diameter at each end of
every log removed. Skidtrail area per timber volume
extracted could be therefore assessed and compared.

Treat-
ments

CNV1

CNV2*

CNV3*

RIL 1

RIL 2

RIL 3

CTCNV

CTRIL

Description

Conventional techniques
with low felling intensity
(� 5 trees/ha)

Conventional techniques
with moderate felling
intensity (6–9 trees/ha)

Conventional techniques
with high felling intensity
(> 9 trees)

Reduced-impact logging
techniques with low
intensity (� 5 trees/ha)

RIL with moderate felling
intensity (6–9 trees/ha)

RIL with high felling
intensity (> 9 trees)

Control plots with a 50 m
buffer zone, no logging

Control Plots, with a 50 m
buffer zone, no logging

Plots

3

3

3

3

3

3

3

    3

Blocks

28/29

28/29

28/29

27

27

27

28/29

27

Tree
measurement

June to Sept. 1998

June to Sept. 1998
and August 1999

June to Sept. 1998
and August 1999

March to May 1999

March to May 1999

March to May 1999

June to Sept. 1998

March to May 1999

 Logging

Nov.–Dec. 1998

Nov.–Dec. 1998

Nov.–Dec. 1998

September 1999

September 1999

September 1999

-

-

Table 4.1 Permanent sample plots and treatment allocation in conventional and RIL blocks. Conventional = blocks
28 and 29 gathering 12 plots, 1 ha each, set up during June 1998–September 1998; RIL = block 27 gathering 12
plots, 1 ha each, set up March–May 1999)

Damage
assessment

August 1999

August 1999

August 1999

May 2000

May 2000

May 2000

-

-
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Every 50 m along each skidtrail, the width and depth
of the track were measured. At each point of
measurement, the area of the skidtrail was also
classed as one of three types: Low Soil Impact (LSI)
when the skidtrail was very superficial and topsoil
was still present, Moderate Soil Impact (MSI), when
topsoil was completely removed but the track still
relatively superficial (< 20 cm depth), and Heavy Soil
Impact (HSI) when the trail was deeply excavated
(e.g. > 20 cm depth).

Results

Forest structure, species richness and
non-timber species (uses) before logging

The mean density and basal area of the four additional
plots in the CNV blocks (243.6 trees/ha, SD = 41;
30.4 m˝/ha SD = 4.9) were not distinct from those of
the 12 plots (230 trees/ha, SD = 35.8 and 32.85 m2/
ha, SD = 4.7) set up before logging (t = 0.57, df = 14,
P = 0.58 for density, and t = 0.87, df = 14, P = 0.40
for basal area). RIL (n = 11) and CNV (n = 12) plots
showed similar tree densities and basal area (t = 0.52,
df = 21 P = 0.60 for density, and t = 1.39, P = 0.18,

Table 4.2). The mean density and basal areas in each
DBH class were similar in RIL and CNV (Table 4.3).

Trees with a diameter of >50 cm
(commercially harvestable trees) constituted 46.2%
in the RIL block and 50.3% in the CNV block. Trees
with DBH > 60 cm were dominated by species of
Dipterocarpus and Shorea but non-dipterocarp
species, such as Agathis borneensis and Koompassia
malaccensis, are also abundant. Species of the
Dipterocarpaceae family were dominant, contributing
about 27% of the total tree density and 40% of the
basal area. They also form the main component of
the canopy trees. The largest tree so far recorded was
Shorea venulosa with a DBH of 199.6 cm. Another
prevalent species was Agathis borneensis. The
Dipterocarpaceae and Agathis borneensis were the
main commercial timbers harvested by INHUTANI
II in the area. The three species with the highest
density and basal area were Agathis borneensis,
Shorea elliptica, S. maxwelliana, and S. parvifolia.
The highest density for a single species in a plot was
recorded for Shorea maxwelliana, followed by
Agathis borneensis and D. stellatus.

Agathis borneensis was considered to be one
of the most important timber species in the area,
firstly because it has a very high value on the timber

                dbh (cm)
20–29 30–39       40–49       50–59              >>>>> 60         All

RIL Plots density (n/ha) 124.3 + 31.2 52.5 + 12.9 26.3 + 7.0 14.9 + 5.6 22.4 + 6.2 239.8 + 53.7
CNV Plots density (n/ha) 123.1 + 27.0 55.0 + 9.2 26.2 + 5.6 15.7 + 4.9 24.6 + 5.5 244.7 + 38.0
Mean density RIL + CNV (n/ha) 128.6 + 24.7 54.3 + 9.6 27.2 + 5.8 15.3 + 5.4 23.0 + 5.3 248.8 + 34.1
RIL Plots basal area (m2/ha)  6.3 + 1.0   5.0 + 0.9   4.4 + 0.9   3.3 + 1.4 10.5 + 2.5   29.6 + 3.8
CNV Plots basal area (m2/ha)     5.7 + 1.2   5.2 + 0.8   4.1 + 0.9   3.6 + 1.1 13.8 + 4.1   32.4 + 5.1
Mean Basal Area (m2/ha)     5.9 + 1.1   5.1 + 0.9   4.3 + 0.9   3.5 + 1.2 12.2 + 3.7   31.2 + 4.7

Table 4.2  Mean density and mean basal areas (+ SD) in the RIL and CNV plots before logging. (CNV = 12 plots, RIL
= 11 plots)

Table 4.3  t-test results comparing mean density and mean basal area in each dbh class in RIL (n = 11 plots) and
CNV (n=12 plots)

dbh classes (cm) Mean density Mean basal area

dbh 20–29 cm t = 1.11, P = 0.28 t = 1.02, P = 0.31
dbh 30–39 cm t = 0.40, P = 0.69 t = 0.75, P = 0.45
dbh 40–49 cm t = 0.90, P = 0.37 t = 0.52, P = 0.60
dbh 50–59 cm t = 0.44, P = 0.66 t = 0.43, P = 0.66
dbh  > 60  cm t = 1.49, P = 0.14 t = 2.10, P = 0.04*

All tests are for df = 21 (11 plots in RIL and 12 in conventional), and * indicates that means are statistically different
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market, hence is highly appreciated by loggers, and
secondly because it was the sole coniferous timber
representative of the family Araucariaceae in the
lowland and hill mixed dipterocarp forest of
Borneo. It was not homogeneously distributed but
rather occurred on tops or edges of ridges on well-
drained soils.

Altogether, 62 families occurred in the RIL
block and the CNV block. The largest families, which
each contained more than 10 species and were
common to both the RIL and CNV blocks, were
Dipterocarpaceae, Euphorbiaceae, Myrtaceae,
Lauraceae, Fagaceae, Myristicaeae, Sapotaceae,
Clusiaceae, Fabacaeae, Anacardiaceae., Ebenaceae,
Moraceae and Burseraceae. Dipterocarpaceae is the
most important family in the area.

A total of 705 tree species were recorded from
the permanent sample plots, of which 70 (9.29%)
were dipterocarp species. Widely distributed
dipterocarp species included Dipterocarpus lowii, D.
stellatus, Shorea beccariana, S. brunescens, S.
exelliptica, S. macroptera, S. maxwelliana, S.
multiflora, S. parvifolia, S. rubra and S. venulosa.

Using published information, we identified
that of the 705 species, 181 have uses other than
timber, primarily valued as food (93 species) and
medicinal plants (55 species). This list will now be
greater due to the work reported in Chapter 5. In the
CNV block, no less than 230 species of 82 families
of trees, shrubs and herbs were identified by the
Punan (the people native to the area) as having
various uses, such as fruits (Artocarpus spp., Durio
spp., Nephelium spp., Dimocarpus longan,
Baccaurea spp., etc.), medicine (Melodorum kentii,
Polyalthia borneensis, Alstonia angustiloba,
Combretum elmer and Parashorea smythiesii),
cosmetics (Willughbeia lanceolata and Luvunga
eleutherandra), insect repellent (Aglaia
odoratissima), dye (Archidendron clypearia), incense
(Aquilaria beccariana, A. malaccensis ), etc.
Medicinal uses recorded the highest number (84
species) followed by uses for food (58 species).

Logging damage on stand

Mean logging intensities in the CNV and RIL plots
were similar in terms of density of trees harvested (7.6
and 7.5 ha-1 respectively, t = 0.04, P = 0.48, df = 15),
harvested volume (83 m3/ha and 60 m3/ha, t = 1.03, P
= 0.16), and basal area removed (5.4 m2/ha and 3.8

m2/ha respectively, t = 1.38, P = 0.09). However, mean
volume per harvested trees was higher in the CNV
than in the RIL compartment (10.5 m3/tree vs. 9 m3/
tree, t = 3.76, df = 708, P < 0.01). This difference was
likely due to the higher proportion of large Agathis
harvested in the CNV areas.

In CNV plots 26.1% (63 trees/ha) of the
original tree population was injured while 24.7% (60
trees/ha) was killed (Figure 4.1). In RIL, a similar
proportion of trees were injured (23.4%, 59 trees/ha)
but, in contrast with conventional logging, only
14.5% (36 trees/ha) were destroyed (Fig. 4.1). In
CNV plots, the proportion of trees killed by skidding
was double that killed by felling, whereas in RIL,
felling and skidding destroyed a similar proportion
of trees (Fig. 4.2). In both RIL and CNV, the
distribution of injured trees by diameter classes nearly
matched the pre-logging tree population (�2 =7.7, P
= 0.05 for CNV and �2 = 3.8 P =0.28, df = 3 for RIL).
Killed trees were, however, found in higher
proportion in the smallest dbh class in both treatments
(20–29 cm �2 = 32.18, for CNV and �2 = 16.2 for
RIL, df = 3, P < 0.01).

There was a significant positive correlation
between felling intensity and the proportion of trees
damaged in RIL, though not in CNV (Pearson’s r =
0.78, P = 0.02 for RIL, r = 0.53, P = 0.14 for CNV,
Figure 4.3a, b). In RIL, the percentage of trees
damaged (injured or killed) increased from 19.4% in
RIL 1 to 50.3% in RIL 3, whereas in CNV, the
proportion of trees damaged varied only from 46%
in CNV 1 to 56% in CNV 3 (Figure 4.1). Correlation
between the density of harvested trees and felling
damage, though implied positive by the data, did not
quite achieve 5% significance levels in either
treatment (Pearson’s r = 0.63, P = 0.06 for CNV; r =
0.69, P = 0.056 for RIL, Figure 4.3c, d). There was a
positive correlation between skidding damage and
felling intensity in RIL (r = 0.72, P = 0.04, Figure
4.3e) whereas in CNV this relation was not significant
(r = 0.13, p = 0.72, Figure 4.3f).

Impact of logging on canopy opening

Before logging, mean canopy openness in CNV (three
plots) and RIL (nine plots) was 3.6% and 3.1%
respectively. The distributions of the values according
to canopy openness classes in CNV and RIL plots were
similar (Table 4.4). After logging, the mean canopy
openness was 19.2% in CNV (n = 9 plots) and 13.3%
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Figure 4.3 Correlation between felling intensity and
percentage of trees damaged in RIL and CNV: 3a
between felling intensity and total tree damaged in RIL
(a) and in CNV(b); between felling intensity and
proportion of trees damaged by felling in RIL (c) and
CNV (d); between felling intensity and proportion of trees
damaged by skidding in RIL (e) and in CNV (f). Orange
points show observed data, small black squares those
calculated by the correlation equation

Figure 4.3a

Figure 4.3b
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Figure 4.1  Mean proportions of trees injured (orange
bars + SD) and killed (light orange bars + SD) by
conventional (CNV) and reduced-impact logging (RIL)
under different intensities (CL1 mean intensity = 5 trees/
ha, CNV 2 = 6 trees/ha, CNV3 = 11 trees/ha; RIL 1 = 3.5
trees/ha, RIL 2 = 7 trees/ha, RIL 3 = 10 trees/ha; dotted
bars: injured trees; hatched bars: dead trees)
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Figure 4.2  Mean proportions (+ SD) of tree damaged
during felling and skidding in RIL techniques (orange
bars) and conventional logging (light orange bars)

Table 4.4  Percentage of each canopy openness class in RIL and CNV plots (number of measurements in each
class) before and after logging (before logging, Conventional = 3 plots and 108 measurements, RIL = 9 plots and
324 measurements; after logging, Conventional = 9 logged plots and 324 measurements, RIL = 8 logged plots and
288 measurements). Before logging �2 = 2.73, P = 0.25; after logging �2 = 43.56, P < 0.001

     0 – < 5%    5 – < 10%    10 – < 20%  20 – < 30%   > 30%

Before Logging
Conventional   80.6         (87)   12           (13)    7.4            (8)    -   -
RIL   81.8       (265)   14.5        (47)    3.7          (12)    -   -

After Logging
Conventional   26.5        (86)   13.9        (45)   13.9         (45)   11.7        (38)   30.9       (110)
RIL   49.3      (142)   12.2        (35)   14.6         (42)     8.3        (24)   15.6         (45)
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Figure 4.3c
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Figure 4.3d
Figure 4.3f
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Figure 4.3e
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Timber is the most investing cash earning resource in Malinau
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in RIL (n = 8 plots). There was a higher proportion of
measurements in the 0–5% canopy openness class and
a lower one in the last class (= 30%) in RIL than in
CNV (Table 4.4). Openness was significantly
correlated with felling intensity in RIL but not in CNV
(Pearson’s r = 0.84, P < 0.01, df = 7 for RIL, r = 0.33,
P = 0.38 df = 8 in CNV). Mean-per-plot canopy
openness varied from 4% in RIL 1 to 18% in RIL 3
and, from 17.5% in CNV 1 to 20.7% in CNV 3.

Impact of skidtrails in conventional
logging and RIL

Skidtrail length and skidtrail area per timber volume
extracted were much larger in the CNV than in the
RIL compartment (18.6 vs. 8.6 m2/m3). Main and
secondary skidtrails in CNV blocks were wider
than in RIL (mean 8.3 vs. 6.3 m, t = 5.38 df = 223,
P < 0.01 for main skidtrails; 7 m vs. 5.4 m, t = 2.37,
df = 470, P < 0.01 for secondary skidtrails). Skidtrails
belonging to the High Soil Impact type showed
excavation in which depth varied from 20 cm to 140
cm, whereas in the Moderate Soil Impact skidtrail
type, this only ranged from 10 cm to 50 cm. In the
conventional blocks, half of the main skidtrails
belonged to the most damaging skidtrail type (HSI)
whereas in the RIL compartment, this type
represented only 6% (Fig. 4.4a). In the RIL
compartment, secondary skidtrails with high soil
impact were rare (2%) whereas in the CNV
compartment these still represented a third (32%,
Fig. 4.4b).

Growth and mortality after logging

Preliminary results from growth and mortality studies
two years after logging show that the mean growth
rate in the conventional logging block was 0.28 � 0.14
cm/year for all species and 0.48 � 0.50 cm/year for
dipterocarps. In the unlogged area the growth rate
was 0.27 � 0.16) cm/year for all species and 0.35
� 0.30 cm for dipterocarps. The growth rate of
Agathis borneensis was 0.53 � 0.30 cm/year in the
logged area and 0.48 � 0.20 cm in the unlogged sites.
The mortality was 8.1% per year for all species and
8% for dipterocarps. The highest mortality occurred
in Agathis borneensis, amounting to 24.6%. The
mean recruitment was 3.4 trees/ha/year.

In the RIL block, the mean growth rate for
all species was 0.31 cm/year. The highest growth was

Figure 4.4  Proportion of the three main types of impact
in primary (4a) and secondary skidtrails (4b) in RIL (light-
filled bars) and conventional (orange bars). LSI: Low
Soil Impact, MSI: Moderate Soil Impact, HSI: High Soil
Impact (see text for brief description)

Figure 4.4a

Figure 4.4b

observed in the Fagaceae family, with a mean growth
rate of 0.57 cm/year, followed by Clusiaceae (0.48
cm/year) and Dipterocarpaceae (0.35 cm/year). In the
unlogged control plot the mean growth rate was 0.23
cm/year for all species and 0.36 cm/year for
Dipterocarpaceae. The mean mortality rate was 8.8%
per year for all species and 2.7% per year for
Dipterocarpaceae. The mean recruitment was 3.5 tree/
ha/year.

Discussion

RIL reduced the number of trees destroyed by 40%
in comparison with conventional harvesting practices.
However, the proportions of trees injured were similar
in both techniques, affecting about 25% of the original
stand. The main benefit of RIL was to reduce skidding
damage from 25% of the original stand in CNV to
only 9.5%. Because skidding operations are the major
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causes of mortality (Bertault and Sist 1997), the low
proportion of trees killed in RIL appear to result from
improved skidding. In contrast, despite the careful
application of directional felling, RIL failed to
significantly reduce felling damage, which depends
mainly on the height of the tree, the size of its crown
and the topography (Cedergren 1996). The absence
of a strong relation between felling intensity and
felling damage in both conventional and RIL
underlines the stochastic aspects of felling damage—
here generating a high amount of unexplainable
residual variance. Although vine cutting prior to
logging has long been regarded as a promising
technique to reduce felling damage, its effectiveness
is controversial (Cedergren 1996, Parren and Bongers
2001). Directional felling, commonly applied in RIL,
aims essentially to lay the logs in positions that
facilitate ground-skidding extraction and limit
skidding damage on the remaining stand. It is
important to note that in a planned logging operation,
skidding damage is correlated with felling intensity,
whereas in conventional logging, this was not the
case. This last result clearly shows that most of the
damage can be effectively reduced during extraction.

Under high felling intensity (> 8–9 trees/ha),
the proportions of injured and dead trees in RIL were
similar to those recorded in conventional harvesting.
This result is consistent with previous studies in other
tropical forests showing that RIL methods are only
effective under low felling intensities (Sist et al.
1998a, Van der Hout 1999). The felling intensity
threshold of c.7–9 trees/ha in the present study
corroborates that of c. 8 trees/ha proposed by Sist et
al. (1998a) in Berau, also in East Kalimantan. Such
general confirmation of the main results is more
important than it may initially appear. Virtually all
logging studies suffer shortcomings of limited
replication and imperfect sampling allocation. This
allows anyone to question to what extent any given
result is truly generalizable, or whether it is in fact a
local result determined by an unknown number of
specific local or temporary details. It is thus important
to specifically acknowledge the close conformity of
the results determined in this study and those found
by Sist et al. (1998a) in a quite different site in East
Kalimantan. Moreover, most of the previous studies
related to logging damage assessment have been
based on a total random sampling which generally
failed to address the issue of the high variability of

logging intensity in natural forests (Sist et al. 1998a).
This study, then, has allowed us to reassess and lend
support to the general proposition that RIL techniques
must be implemented within a reasonable intensity
threshold, and that this boundary lies at around eight
trees per ha in hill dipterocarp forests (Sist et al.
1998a). Foresters, managers and certifiers must now
consider this threshold as an important criterion of
sustainability.

If we are looking for some definition of ‘best
practice’ it is relevant to stand back and to ask what
is the appropriate measure of an optimal felling
regime. For example, in developing RIL techniques,
what is the best unit of reduced damage? Are we, for
example, looking to minimize trees destroyed per unit
volume extracted or per stem cut or per annual coupe?
If we consider the wider forest landscape, we might
be tempted to consider the possible trade-offs
between more intensive extraction in more limited
areas and lower extraction or even protection in
others. Thus, our questions about what we should
measure may continue with our observation that CNV
actually makes incomplete use of the potential area
available for harvest, raising the question of how to
consider this non-damaged area. All these are good
questions and they should not be overlooked. It is
certainly worth noting, for example, that relic patches
of intact forest are highly desirable for many
ecological reasons, and are therefore perhaps a
desirable outcome of CNV. This, however, points to
the fact that this can and should be replaced by
planning such areas in RIL. In this study we have
not developed an adequate database to examine these
wider landscape questions but have instead taken a
more specific course in seeking to identify the limits
of what might be called ‘acceptable’ as opposed to
‘excessive’ harvesting. That is, we have tried to find
a way to define limits for silvicultural practices in
any area where harvesting is actually taking place
which allows recovery without jeopardising
immediate revenues.

Reduction of harvest damage is not the only
criterion we should consider when assessing the
technical sustainability of forest management. Even
if we restrict our considerations to the stand level, it
is clear that high extraction regimes also involve
major impacts on dynamic processes and forest
composition. There is scant evidence that any
commercial dipterocarp species benefits canopy
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openings greater than those created by single-tree
selection cutting practices (500–600 m2) to establish
and maintain good growth, especially those of
commercial value (Kuusipalo et al. 1996; Tuomela et
al. 1996; van Gardingen et al. 1998). High extraction
rates, by creating big canopy openings, stimulate the
growth of pioneer competitors and create desiccating
conditions (Nussbaum et al. 1995; Kuusipalo et al.
1996; Tuomela et al. 1996; van Gardingen et al. 1998;
Clearwater et al. 1999; Sist and Nguyen-Thé in press),
factors unfavourable to the establishment and growth
of dipterocarps. Moreover, large openings are subject
to invasion by lianas which can be an obstacle to tree
regeneration. Large openings in heavily logged forests
increase fire risks and propagation, particularly during
long periods of drought as periodically occur in
Southeast Asia during El Niño events. Heavy logging
also results in a depleted residual stand unable to
recover an acceptable timber-harvest volume within a
35-year harvesting cycle (Favrichon and Young Cheol
1998; Sist et al. 1998a; Huth and Ditzer 2001). There
is a need for simple and practical prescriptions which
limit the local densities of trees harvested to 8 per ha
or less (50 to 70 m3/ha) and keep the size of the gap to
less than 500–600 m2. Three simple rules would appear
to provide this: 1) a minimum spacing distance
between harvested trees, 2) single tree gap formation
from harvesting using directional felling, 3) a
maximum (as well as a minimum) DBH limit for
harvesting. We will now discuss these possible
measures.

In a homogeneous spatial distribution under
maximum packing (triangular), the distance D
between trees in metres is given by the formula:

where x is the density in stems per ha. This is slightly
longer than packing in a regular square lattice, where

The minimum spacing distance for a
maximum felling intensity of 8 trees/ha for each of
these is 40.8 m and 35 m respectively.

Because gap size is largely dependent on tree
size, the most effective method of limiting gaps, and
thus increasing forest recovery potential, is to favour
single tree gaps during felling and avoid harvesting
trees over a certain size. We suggest that this might

be usefully set at DBH > 100 cm. Such trees are
normally of huge significance in terms of seed
production and hence in long-term regeneration
potential, while they are also difficult to harvest
effectively, and have high ecological relevance (Sheil
and van Heist 2000). These very large individuals
often have structural defects that reduce their timber
value, but serve as large seed sources representing
genetic stock well-adapted to local site conditions,
and provide valuable habitat for a myriad of
organisms. In the study area the mean density of
harvestable trees (dipterocarps and Agathis) with
DBH  > 60 cm was 15 trees/ha, whereas that of trees
with DBH between 60 and 100 cm decreased to 12.5/
ha. Taking a stem rejection rate of 30% (personal
observation in several localities of East Kalimantan),
the density of harvested trees with 60–100 cm DBH
is 8 trees/ha, which remains high in comparison with
other tropical forests of Africa and South America.
In other parts of Borneo, taking the same rejection
rate, the mean density of commercial trees with 60–
100 cm DBH is higher, around 10–11 trees/ha
(Cedergren 1996, Sist and Saridan 1999). In mixed
dipterocarp forest, limiting harvesting to commercial
trees with DBH ranging from 60 to 100 cm should
not be a constraint on production, but would yield
considerable long-term benefits both in terms of long-
term sustainable timber potential and ecological
values (Sheil and van Heist 2000).

There is a growing awareness that forestry
practices need to consider more than timber
production. Society increasingly sees the role of
forests in terms of numerous goods and services such
as biodiversity, climate, non-timber forest products
and often to serve the needs of local communities
for diverse subsistence and daily needs. For instance,
iron wood or ulin (Eusideroxylon zwageri) is a species
that is important to the livelihood of local
communities. Forestry regulations stipulate that only
local communities can harvest it for shingles, flooring
and heavy construction. Species of tengkawang
(Shorea pinanga, S. seminis, S. singkawang, etc.),
which produce cocoa butter, are also regulated.
Nevertheless, the species are currently logged
indiscriminately by concessionaires and little is done
by local enforcement agencies to control the trade.
Our work in Malinau has begun to look at these
factors, and we hope to develop these in due course.
The point that we need emphasize here is that it is
essential that any conception of RIL, or improved
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x
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practice generally, should ultimately be defined by
much more than simple silvicultural definitions, and
that this must be an emphasis for future research.

Conclusions

In the mixed dipterocarp forests of East Kalimantan,
where the density of harvestable trees often exceeds
10 trees/ha, the minimum diameter rule results in
excessive felling and allows high levels of damage
to the remaining forest. RIL techniques, though they
would appear to be a vital part of the solution, are
useful only under a more moderate extraction regime.
Such a reduced felling intensity is essential in any
case, both from the perspective of the growth and
survival of the residual stand, but also the longer-
term ecological sustainability of the forest. New
silvicultural prescriptions should be considered as a
step forward to improve forest harvesting operations.
RIL techniques do not guarantee silvicultural
sustainability if based on a minimum diameter cutting
limit alone. Additional prescriptions are essential for
improving RIL techniques towards achieving
sustainable harvesting practices. The rules we suggest
are: 1) a minimum spacing distance between
harvested trees (c. 35–40 m), 2) single tree gap
formation from harvesting using directional felling,
and 3) a maximum (as well as a minimum) DBH
limit for harvesting (c. 100 cm). In exploring the
major issues that remain we highlight an urgent need
to expand logging studies to look at impacts and
trade-offs across larger forest landscapes.
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Introduction

The following study is concerned with comparison
of costs and was conducted in the same site and blocks
used in the studies presented in Chapter 4.b. above
(Figure 4.5). It is obvious that the scale of the
experiment could not allow the inclusion of all
logging costs and particularly those related to road
planning, road construction and log transportation.
The study, therefore, focused only on the planning
and operational costs of felling and skidding.

By Hariyatno Dwiprabowo1,2, Stephane Grulois3, Plinio Sist4 and Kuswata Kartawinata1

1 CIFOR, P.O. Box 6596 JKPWB, Jakarta 10065, Indonesia
2 FORDA, Jalan Gunung Batu 5, Bogor, Indonesia
3 AFOCEL SUD Domaine de St Clément 34 980, Saint Clément de Rivière, France
4 Cirad-Forêt, Campus International de Baillarguet, BP 5035, 34032 Montpellier, France

Methods

A detailed account of the CNV and RIL techniques
is given in the unpublished report on Cost-benefit
Analysis of Reduced-Impact Logging in a Lowland
Dipterocarp Forest of Malinau, East Kalimantan,
Indonesia, by Hariyatno Dwiprabowo, Stephane
Grulois Plinio Sist, and Kuswata Kartawinata (see
Annex in the attached CD ROM). Annex 1 below
shows a comparison of the main activities in CNV
and RIL operations.

4.c. Cost-benefit Analysis of Reduced-Impact Logging in a Lowland
Dipterocarp Forest of Malinau, East Kalimantan

Figure 4.5  Logging blocks in the INHUTANI II’s Malinau concession
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Productivity and cost assessment of CNV
and RIL

Pre-harvesting operations

The approach used to assess productivity and the cost
of pre-harvesting operations is as follows:
(a) The cost of each pre-harvesting operation was

assessed according to the time required to achieve
it. Basic data regarding salary and equipment costs
were obtained from INHUTANI II.

(b) To calculate the unit cost (per m3) produced, first,
the cost of the activity on an area basis (per ha)
was assessed, then the resulting cost was divided
by yield (m3) per ha.

 Harvesting operations

The costs of harvesting operations in Rp (Rupiah,
the Indonesian currency unit) were calculated with
the following formula:

Daily cost or production was derived from
hourly production, which was determined by a time
study analysis where the volume and time devoted
to each harvesting operation (felling and skidding)
were measured. The cost of harvesting was then the
sum of per unit costs of pre-harvesting, felling, and
skidding operations.

Productivity assessment

Productivity was assessed by the time motion studies.
Two levels of investigations were distinguished. First,
the workplace analysis which aimed at assessing daily
or hourly production. Hourly production was
expressed in m3 per workplace hour. Time spent by
the operators on the workplace were recorded and
classified in the following sections:

1. Productive time, maintenance of the equipment
(chainsaw or skidder), repairing, rest and other
delays.

2. Productive time analysis: felling and skidding
activities were divided into ‘work elements’. A
complete succession of work elements corresponds
to the felling of a tree or a ‘trip’ for extraction

Cost of skidding in (Rp/m3) =
Hourly cost of skidding in Rp per hour

Hourly production in m3 per hour

Cost of felling in (Rp/m3) =
Hourly cost of felling in Rp per hour

Hourly production in m3 per hour

CAT 527 Skidder and log landing in RIL operation
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activity called the ‘work cycle’. The breakdown
is aimed at determining the importance of each
work element and allowing accurate analysis of
the influence of site conditions such as volume
of trees and skidding distance, and of techniques,
on production.

Felling productivity was calculated on the
basis of the felled volume produced per time unit,
while skidding productivity was assessed based on
the extracted volume skidded per time unit. The unit
costs of felling and skidding were calculated based
on the commercial volume. Conversion or recovery
factors were used to convert from one form of volume
to another using waste assessment.

Felling production rate (m
3
/hour) was

calculated using the following formula:

(Average volume per cutting cycle in m3) x (60min./

Time spent per cutting cycle in min.) x (1/hour)

Skidding production rate (m
3
/hour) was

calculated using the formula:

(Average volume per trip in m3) x (60min./Time spent

per trip in min.) x (1/hour)

In the felling, the average productivity of both
CNV and RIL was calculated based on production
rates of two fellers. In the skidding, average
productivity was based on two D7G and two CAT
527 unit skidders.

Harvested, commercial volume and waste
measurement

Harvested volumes were calculated based on data
collected during the felling and skidding time study.
The length, top and end diameter of each log were
measured. Two perpendicular diameters were
measured at each end and the average was used to
calculate the volume of the log. If diameter could
not be measured, girth was used. In CNV, a sample
of logs was measured to assess the harvested volume,
while in the RIL compartment all the harvested trees
were measured.

The felled volume was defined as the volume
actually felled by the feller, excluding the waste in
the felling site. The extracted volume was the volume

of logs extracted by the skidder. The commercial
volume was defined as the extracted volume less the
bark and other parts removed on landing.

Waste volumes were estimated with the
following definitions:

(1) The cutting of stumps was considered too high
if the level of the cross cut was more than 40 cm
above the ground for trees without buttresses or
more than 20 cm above the highest buttress. In
such a situation, the waste volume was calculated
by the diameter of the stump (two perpendicular
measurements) and the height of the waste
portion of the stump.

(2) The volume of a split log (or portion of log) was
assessed with the diameter at the midpoint of the
tree (or the split section) and the corresponding
length.

(3) Although in many cases, defective parts of logs
(knots, bumps, insect attack) could be used for
sawn wood or, in some cases, for the plywood
industry because of the company’s grading rules,
these parts were never used by INHUTANI II
and were left in the forest. This waste was
included in our volume assessment study.

(4) The volume of logs left in the forest (i.e. not
extracted) was assessed by checking the list of
felled trees with that of extracted logs. For this
all the logs were marked with labels in the forest
during felling operations. Logs fallen in a ravine
were inaccessible and therefore could not be
measured. For these trees we assume that their
volume was equal to the mean volume of logs
measured in the block.

Daily costs of harvesting activities

These costs included the owning and the operating
costs of the equipment. The FAO method (FAO 1992)
was used for the calculation, with the following
breakdown:

(1) fixed costs included equipment depreciation,
interest on investment, and insurance.

(2) operating costs or variable costs included fuel,
lubricants, equipment repairs, and parts.

(3) labour costs were those associated with
employing labour, including direct wages,
allowances, and food.
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Data on operational costs for D7G were
provided by INHUTANI II for the year 1998 and
those on the CAT 527 skidder by the manufacturer.
For the CAT 527 used in the RIL trial, the calculated
cost was not the real cost for INHUTANI II but
reflected the cost of the equipment with average data
collected by the manufacturer from its clients
(‘manufacturer cost’). Some adjustments were made
for fuel consumption and unit price as well as for
operators’ (drivers and mechanics) wages.

Rapid assessment of logging damage

In both conventional and RIL compartments, all the
skidtrails and landings were drawn on a map after
logging. Along each skidtrail, the width was measured
every 50 m. The harvested area was defined as the
area within 30 m to the right and left of the skidtrails
(Figures 4.6 and 4.7).

Results

Harvested areas and volume

Overall, mean diameters of measured trees in CNV
and RIL blocks differed significantly (CNV: �=92
cm vs 82 cm, t=7.08, df=799, P<0.01). Mean
diameters of harvested logs of Agathis were similar
in CNV and RIL blocks (CNV: � = 96 cm vs 93 cm,
t=1.42, df=366, P=0.16). In contrast, logs of dipterocarps
were bigger in the conventional blocks than in RIL
(CNV: 88 cm vs 73 cm, df = 374, t=10.17, P < 0.01).
This resulted in the average extracted volume in the
conventional blocks being higher than in the RIL
compartment (10.5 m3 vs 9.0 m3, t =3.76, df = 708,
P < 0.01). The number of extracted trees in the harvested
area showed a difference of only one tree per ha between
conventional and reduced-impact logging (6 trees/ha
and 7 trees/ha, respectively, Table 4.5).

Block 28

Block 29

Block 27

Skid road

Forested area

Opened area

Figure 4.6  Skidtrails and harvested area in blocks 28 and 29
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Figure 4.7  Skidtrails in block 27

Table 4.5 Characteristics of extracted timber volume
and density in conventional (CNV) and reduced-impact
logging (RIL) blocks

CNV RIL

244 138

19.7 24.7

91;37 56;41

52.8 60.9

536 386

 5.9 6.9

10.3 9.0

Characteristic

Total area (ha)

Extracted volume per ha
based on total area  (m3/ha)

Harvested area (ha;%)

Extracted volume based on
harvested area (m3/ha)

Total no. of felled trees

No. of felled trees on
harvested area per ha

Average extracted volume
per tree (m3)

Waste assessment

In RIL, the commercial volume represented 83% of
the felled bole volume, while in the conventional
blocks this was only 70.3% (Fig. 4.8). The amount of
wood waste, which did not include hollowed logs left
in the forest, in the CNV blocks 28 and 29 and in the
RIL block 27 is presented in Figures 4.8. The total
waste volumes in CNV and RIL accounted for 29.5%
and 17.5% of felled bole volumes, respectively. In
conventional logging, logs left in the forest (i.e. not
found or fallen in a ravine) represented 42% of the
waste volume while in RIL this proportion was reduced
to only 10%. In terms of volume, logs left in the forest
represented 580 m3 in conventional logging and 65.8
m3 in RIL. In proportion to the commercial volume,
the volume of logs left in CNV and RIL are 0.17 m3/
m3 (17%) and 0.02 m3/m3 (2%), respectively. This
implies that RIL can reduce the logs left by 0.15 m3 /
m3 (15%). Therefore, wood waste reduction was the
major benefit gained from RIL implementation in
terms of cost savings and profits.
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Productivity and costs

Pre-harvesting operations

(1) Timber inventory and contour survey

The additional task of undertaking the topographic
assessment during the inventory in RIL increased the
costs by 38% (Rp 13 900/ha), thus the inventory cost
was higher than that in CNV (Table 4.6). Other costs
related to planning were data checking and block maps
for RIL. In CNV, maps were drawn manually and cost
Rp 3590/ha. In RIL, maps were produced using
SOFTREE computer software. The cost of producing
the inventory map in RIL, including the purchase of
the software, was Rp 1530/ha.

(2) Vine cutting

The vine cutting for RIL implementation in the 2000–
2001 annual coupe was carried out by INHUTANI II
concomitant with the forest inventory and cost only
Rp 7760/ha—lower than the cost of vine cutting
undertaken separately (not simultaneously) during the
inventory, which amounted to Rp 22 910/ha.

(3) Training cost

A great deal of on-the-job training was carried out
before RIL implementation. The training covered
directional felling, timber and topographic surveys,
and the use of SOFTREE software for extraction map
planning. The estimated costs of the training were as
follows:

1. US$ 8275 for timber and topographic surveys
(on-the-job training, classes and fieldwork);

2. US$7700 for directional felling (field practice); and
3. US$37185 for the use of SOFTREE for mapping

(class and practice).

The first and second training programmes
were conducted one year before harvesting, so these
two costs were compounded (interest rate 10%/year),
hence the costs for the topographic survey and
directional felling were US$9103 and US$8470,
respectively.

In order to get a realistic estimate for the
company, the training costs were divided equally by
the number of concessionaires taking part in the
training: four in timber and topographic survey, two

Figure 4.8  Percentage of waste and commercial volumes in CL and RIL
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Figure 4.9  The relationship between tree volume and
productivity (m3/hr of productive time)
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Table 4.6  Costs of planning and vine cutting in CNV and RIL

                 CNV                RIL
Cost (Rp*) Cost (Rp) Cost (Rp) Cost (Rp)

ACTIVITY per ha per m3  (of per ha Per m3  (of
commecial commecial
volume) volume)

Timber inventory and contour survey* 36220 2020 50120 2230
Data entry and block mapping 3590 200 4700 30
Data checking and mapping 1580 70
Skidtrail marking and checking 3410 150
ROADENG Software purchase 830 40
Vine cutting 2910 1020
TOTAL 2220 3540

* Rp = Rupiah, the Indonesian currency unit

in directional felling, and four in software training.
Thus the estimated costs for the timber and topographic
survey, directional felling, and software training were
US$2276, US$4235, and US$9296 per concession,
respectively. We considered training as a company’s
long-term investment, and we assumed the service
period of the training would be up to five years, with
an annual interest rate estimated at 12% (at the Rupiah
rate). In total, it would cost the company Rp 37 308
930/year, representing a cost of Rp 41 450/ha or Rp
1680/m

3
, assuming an annual coupe of 900 ha and a

mean harvested volume of 25 m
3
/ha.

(4) Skidtrail opening

In the RIL block, skidtrails were opened before
felling, according to the skidtrail network plan as

prepared in the tactical map. The total length of the
skidtrails in RIL block 27 was 9090 m with a total
machine time of 17:46 h (510 m/machine hour).
Skidtrail opening in RIL cost Rp 293 600 : 510 m =
Rp576/m  In CNV, skidtrails were opened during
extraction and the cost estimate was Rp 300 173: 60
: 2.7 m = Rp1850/m. In total, the RIL extra cost for
pre-harvesting operations was Rp 1305/m3, or 60%
higher than the cost of CNV.

Felling

(1) Productivity

The productivity of felling in RIL was 28% higher
than in CNV, since a work cycle in CNV was 34.8
minutes vs. 24.2 minutes in RIL. This means that the
hourly production rate was higher in RIL than in CNV,
but the daily production was very similar (Table 4.7).
It was attributed to the behaviour of the fellers, who
stopped working when they reached their daily target
production of about 100 m3. In CNV, workplace time
was 7 hours for a daily production of 124 m3 while
in RIL it was only 4.5 hours for a daily production of
102 m3. One of the main reasons for the shorter daily
work time in RIL was linked to the fellers’ habit of
bringing 4.5 litres of oil for a day’s work.

The difference in the size of felled trees in
CNV and RIL did not allow a direct comparison of
felling productivity. There was a significant
correlation between productivity and volume of felled
trees in the RIL treatment as expressed in a regression:
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Table 4.7  Work cycle, felling time and productivity in CNV and RIL

No.    Work element CNV RIL
Average time/trip Average time/trip

(minutes:seconds) (minutes:seconds)

1 Preparation 01:42 01:07
2 Cut brush 02:06 01:31
3 Fell tree 04:15 03:31
4 Wedge use - 00:57
5 Wait for tree to fall and branch clearing 03:24 01:43
6 Crosscutting 04:56 02:55
7 Walk between trees 04:13 03:21
8 Chainsaw care 03:45 02:10
9 Other activities 02:04 01:07
10 Delays 08:26 05:52

Average time/cutting cycle 34:51 24:15

Hourly production (m3) 17.8 22.8
Daily production mean � sd (m3) 124.3 � 38.2 105.6 � 44.6
Average daily production (6h/d)(m3) 107 140

Directional felling in a RIL operation
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Y=16.01 x v(Tree volume) -11.96, r
2
 = 0.71, n =

232 trees) (Figure 4.9). Based on this regression
curve and taking a mean tree volume of 10.3m

3
, the

productivity of felling in RIL increased by 7.7% in
comparison with that recorded in CNV (i.e. 32.8
m

3
/hour vs. 23.4 m

3 
/hour respectively in RIL and

CNV).
The analysis of the felling work cycle in RIL

and CNV allows us to ascertain the reasons for the
shorter felling work cycle in RIL (Table 4.7). In RIL,
crosscutting took less time than in CNV as the fellers
had a better position for bucking due to pre-opened
skidtrails and directional felling. The use of wedges
helped the fellers both in felling and crosscutting.
The time for walk-between-trees was less in RIL than
in CNV as fellers very often used the pre-opened
skidtrails to walk from one tree to another. Why the
time lag between felling and crosscutting was shorter
in RIL than in CNV could be explained by vine
cutting and gap orientation, as the felled tree position
eased the clearing of branches. A common
phenomenon in CNV was the chainsaw bar getting
pinched between logs in crosscutting and felling. The
use of wedges in RIL significantly reduced such
incidents, resulting in a delay time reduction of
around 30%.

(2) Costs

Based on INHUTANI II accounting data, the piece
rate cost of felling in April 1999 was Rp 1500/m3.

Figure 4.10   Regressions between skidding distance and time in RIL

Table 4.8  Net wage received by fellers in CNV and RIL
(Rp/day)

Component CNV RIL

Chainsaw cost:
Fixed 14 450 10 801
Variable 26 121 23 224

Net wage 49 429 55 975

Gross wage 90 000 90 000

The prices of a chainsaw and its parts, fuel and
lubricant were obtained from dealers and retailers.

As wages were established based on
commercial volume, it was important to know the
recovery rate between felled volume and commercial
volume in both methods. In CNV, one cubic metre
of felled volume resulted in 87% of extracted volume
or 79% of commercial volume, while in RIL, one
cubic metre of felled volume resulted in 99% of
extracted volume or 91% of commercial volume.

The increase of productivity of felling in RIL
did not result in a higher profit for INHUTANI II
since the concession paid a fixed piece rate of Rp
1500/m

3
 regardless of the total volume produced.

However, it increased the fellers’ income, as
described by the equation:

Gross wage/day (Rp/m3) = chainsaw cost (Rp/m3) +

net wage (Rp/m3).

The chainsaw cost was borne by the fellers. On the
basis of past productivity, a net wage of around 55%
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to 60% of the gross wage was received as net income
(Table 4.8). Hence, a productivity increase of 5 m3/h
or 30 m3/day in RIL would increase the net wage by
1500 x 0.60 x 30 Rp/day = Rp 27 000/day assuming
an average workplace time of 6 hours per day.

Skidding

(1) Productivity

The average skidding distances in CNV and RIL were
very similar (546 m/trip and 525 m/trip, respectively).
However, our time study in the CNV blocks was
based on a mean distance of only 285 m (min.= 20
m, max. = 1072 m), while in RIL it was 525 m (min.=
15 m, max.= 1050 m). The productivity comparison
of CNV and RIL was, therefore,  based on an average
skidding distance of 285 m. It was assumed that the
harvesting method had no influence on the average
volume of the extracted logs, and the distribution of
skidding distances is the same both for RIL and CNV.
Figure 4.10 shows the regressions to estimate the
duration for travel-empty and travel-loaded at 285 m
distance.  An average volume of 9.5m3/trip, as
measured in the CNV block, was used. Workplace
productivity in RIL was 20.4 m3/h compared with
15.1 m3/h in CNV, an increase of 25% (Table 4.9).
However, the increase in hourly productivity was not
followed by an increase in actual daily production
due to the shorter workplace time in RIL (i.e. 6.34 h/
day vs. 7.07 h/day), lower log volume, and longer
skidding distances.

The productive work cycle of skidding in CNV
and RIL showed significant differences in travel-
empty but very small differences in travel-loaded
(Table 4.10). The reduction of travel-empty time in
RIL was the result of skidtrail planning as well as
skidtrail opening prior to felling. Skidtrail opening
in RIL required less time than in CNV because of the
pre-harvesting skidtrail planning. Moreover, in

contrast to CNV, in RIL no time was wasted looking
for the logs since skidtrails were already clearly
marked in the field.

RIL reduced delays resulting from skidders
being unable to perform because of terrain conditions
(such as machines getting stuck), and waiting for
other phases of the operation. In total, RIL techniques
reduced average skidding time per trip by around 10
minutes or 26% in comparison with CNV techniques.

(2)  Costs

The recovery rates from extracted volume to
commercial volume in skidding in CNV and RIL
were the same, i.e., 91%. For cost calculations we
used this rate along with the operating costs of D7Gs
for the 1998–1999 period provided by INHUTANI
II and of CAT 527 supplied by Trakindo Utama, the
Caterpillar dealer. To avoid bias, we used the
productivity of an equal distance of 285 m and
average volume per log of 9.5 m3.

Skidding costs in RIL decreased by Rp 6040/
m3 in comparison with CNV, mainly due to higher
hourly productivity (Table 4.11).

Because the CAT 527 skidder used in our
experiment was new, it was necessary to consider
the operational cost of a new D7G, which was
provided by its dealer, Trakindo Utama. The cost
per hour for a new D7 G was Rp 373 490. The
operators received wages on a piece rate basis of
Rp 600/m3 for a volume of 600m3, Rp 700/m3 for
600–1000 m3 and Rp 800/m3 for volumes of more
than 1000 m3 per month. The number of availability
days of a new D7G, according to the manufacturer,
is 250/yr or 2000 hours/yr, higher than the
availability of INHUTANI II’s D7G, which was 178
working days/yr. The cost per hour of the new D7G
is higher than that of the CAT 527, i.e. Rp 373 491
vs. Rp 293 589. The unit costs per m3 of INHUTANI
II’s D7G, a new D7G (CNV), and the CAT 527

Table 4.9   Skidding productivity in CNV and RIL

 CNV    RIL

Average production (m3/mach/h)1 15.1 20.4
Average production mean � sd (m3/mach/day)2 116.6 � 53.4 92 � 48.1
Average volume of the logs 9.5 8.5

1Based on average skidding distance of 285 m and average volume of 9.5 m3. Average production in RIL for average distance of
525 m and average log volume of 8.5 m3 is 14.6 m3/h.
2Based on actual daily production, numbers of observed days in RIL and CNV were 31 and 13, respectively.
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Table 4.10 Time and work elements of skidding in CNV and RIL

Logging Work element  CNV RIL
No. Average time/trip1 Average time/trip

(minutes:seconds) (minutes:seconds)

1  Travel empty 13:01 07:102

2  Positioning 01:29 01:30
3 Hooking up 02:06 02:16
4 Winch 01:44 01:14
5 Travel loaded 07:54 07:363

6 Unhooking 00:40 00:26
7 Decking 01:19 01:25
8 Other activities 02:40 02:58
9 Delays 06:57 03:23

Average time/trip 37:50 27:58

1 Number of observed trips (n) in CNV and RIL was 133 and 333, respectively.
2 Duration for travel-empty was assessed using regression  y = 0.0115x + 0.6934, R2=0.72, x=distance from

TPN (m).
3 Duration for travel-loaded was assessed using regression y = 0.0171x + 2.7326, R2=0.45.

Table 4.11 Cost of CNV and RIL skidding operations
and opening of log landings

CNV RIL

Skidding
Cost (Rp/ hour) 300 175 293 590
Cost (Rp/m3)1 21 910 15 870

Log landings opening
Cost (Rp/m3) 400 295

1 Costs were obtained by dividing Rp/hr by m3/h commercial
volume

(RIL) were Rp 21 910, Rp 27 260, and Rp 5870,
respectively, assuming that the hourly productivity
of a new D7G for CNV was the same as that of
INHUTANI II’s D7G. The unit cost of log skidding
in RIL using the CAT 527 was lower than that in
CNV irrespective of whether the CAT 527 or
INHUTANI II’s D7G was used.

Log transport

(1) Transport cost

In the present study, road design and planning were
not part of the experiment. The transport costs were,
therefore, equal in both CNV and RIL. Long distance
transport was divided into two sections: (1) from log
landings (TPn) to log yard where logs were unloaded
temporarily, with a distance of 20 km, and (2) from
log yard to log pond (shipping/rafting point), with a

distance of 72 km. In total, the present long distance
transport of logs was about 90 km (Table 4.12). The
mean distance between log landings and the log yard
was 20 km, and between the log yard and the log
pond (shipping/rafting point) was 72 km (Table 4.13).
The cost of log transport was Rp 92 260/m3, a
substantial contribution to the overall cost of
harvesting operations.

(2)  Road opening and maintenance cost

INHUTANI II recorded that the road construction
costs were estimated at Rp 55 430 million/km, the
depreciation cost of the main roads at Rp 332 165
million/year, and the maintenance cost at Rp 52
million/year. INHUTANI II has been sharing the use
of about 55 km of the main road with a coal mining
company. In proportion to the length of the main road,
the logging cost portion amounted to 70% of the
depreciation and maintenance costs, giving a total of
Rp 269 million/year. The total road costs in CNV
were estimated to be Rp 514 million per year or Rp
568 490/ha/year. Assuming that production per ha is
20 m3, the road for long distance transport cost the
company Rp 28 425/m3.

Supervision

Although supervision was not part of the RIL trial
study, we made an observation of this in the CNV
operation, as it is an important activity. Proper
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Table 4.12  Productivity of log transport, loading and unloading in CNV

Distance Production, Load

From log landings to log yard (20 km):
Average production/trailer/day (m3) 90.5

1. Average load/trip (m3) 32.8
2. Average time/trip (h) 2:09:00

From log yard to log pond (72 km):
1. Average production/trailer/day (m3) 37.5
2. Average load/trip (m3) 36.4
3. Average time/trip (h) 5:21:00

Average loading rate (m3/h)1 54.3
Average unloading rate (m3/h) 60.5

1A CAT C980 was used for loading logs on landings, one WA 420 for unloading and loading in the log yard, and one C 980 for
unloading at the log pond. We assumed equal loading and unloading rates at all loading points.

Table 4.13  Costs of log transport and loading/unloading in conventional logging

Transport and loading/unloading Cost (Rp/m3)

Truck costs
From log landings to log yard: 27 368
From log yard to log pond: 64 894

   Subtotal Truck Transport 92 262

Loading at log landings 2548
Unloading and loading at log yard 18 459
Unloading at log pond 1190

  Subtotal 22 197

Total cost  (Rp/m3) 114 459

implementation of RIL requires appropriate logging
supervision. Lack of field supervision in logging
practices was a common phenomenon in CNV.
Supervision in CNV was more concerned with
matters related to production, such as block allocation
to fellers and operators and meeting the production
target. Furthermore, the existing foreman’s salary
scheme provides little incentive to exercise proper
supervision. A foreman supervised conventional
felling and skidding and received a monthly salary
of Rp 576 000. An assistant to the camp manager
also allocated one third of his time to supervise these
operations, which in terms of cost equalled about Rp
230 000 per month. Thus the total cost of field
supervision in CNV was about Rp 806 000 per month.
In RIL, the assistant to the camp manager should be
responsible only for production and block allocation
and the foreman should fully supervise logging
operations. The duty of the foreman should be to

ensure that the felling and skidding operations are in
compliance with RIL guidelines. In order to achieve
RIL objectives it is suggested that an additional
foreman should be employed and an incentive should
be provided by increasing the present salary scale by
50%, giving a total of Rp 862 500. This implies that
the total cost of supervision would be Rp 1 725 000
per month. Given that the estimated monthly
production of conventional logging is about 1840 m3

and the recovery in RIL is about 11% higher than in
CNV, monthly production in RIL would be about
2040 m3, meaning that the cost of field supervision
would be Rp 440/m3 in CNV and Rp 850/m3 in RIL.
This is a very important issue as it relates to higher
levels of supervision as well and does constitute a
significant added cost.
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Impact of logging damage on forest stand

Reduction of logging damage to the residual stand is
one of the main objectives of RIL. Sist et al. (in press)
reported the overall damage resulting from RIL
operations. In terms of land opening, our RIL
experiment managed to reduce damage significantly
in comparison with conventional techniques on the
basis of land opening. On the basis of the area per m3

of extracted logs, open areas caused by skidtrail
opening in RIL decreased by 54% and log landings
by about 18% (Table 4.14). The reduction in skidding
area was attributed to the planned layout of skidtrails,
limiting the movement of skidders outside the
skidtrails and the avoidance of the use of the blade
during skidding operations. It was also credited to
the use of the CAT 527 skidder, which has greater
manoeuvrability and is relatively smaller than a
bulldozer.

Discussion and conclusion

The overall financial benefit of applying RIL was
Rp 3160/m3 (Table 4.15). RIL reduced skidding
costs by a significant 27% compared to CNV.
Because the feller wage system is based on a fixed
piece rate, the felling cost was the same. The pre-
harvesting operations in RIL were 50% more

expensive than in CNV. Training in RIL also added
to the overall cost. However, the cost saving in
skidding in RIL outweighed the additional costs of
training and supervision. This margin will be bigger
if the value from waste reduction is added.
Armstrong and Inglis (2000) showed similar results.
Van der Hout (2000), however, demonstrated that
in RIL the cost of pre-harvest planning and
preparation increased three times and that of felling
two times, and these were only partly recovered by
lower skidding cost.

Wood waste reduction

One of the most important benefits of the RIL
experiment in Malinau was undoubtedly the
significant reduction of wood waste left in the forest.
In RIL, an average of 2.5 m3 of commercial volume/
ha was saved in comparison with CNV. This
represents a saving of about 11% for each cubic metre
of commercial volume produced. This is equivalent
to 0.11 x 0.9 = 0.1 m3/m3 of commercial volume
produced. The estimated concession production cost
in 1998 was Rp 350 000/m3 and the average sale price
Rp 550 000/m3. The additional revenue for the
company was, therefore, Rp 20 000/m3 of commercial
volume extracted.

Logging waste in Indonesia has been a
persistent problem. Compared with other countries

Table  4.14  Damage associated with CNV and RIL

Damage Parameter  CNV RIL

Average skidtrail width  (m) 5.51 3.24
Total length of skidtrails (m) 17 301 9090
Proportion of skidtrail opening to extracted volume (m2/m3) 18.6 8.6
Log landings in proportion to extracted volume (m2/m3) 1.34 1.10

Table 4.15 Logging cost comparison between CNV and RIL (Rp/m3)

Activity   CNV       RIL

Pre-harvesting     2225       530
Training        -    1678
Felling     1500    1500
Skidding   22 310  16 165
Log transport 114 460      na
Road construction and  maintenance costs   28 425      na
TOTAL*   26 035  22 875

*Exclusive of log transport and road costs
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Table 4.16  Productivity of felling and skidding in CNV and RIL in different places. Both CNV and RIL production
figures were based on regular daily working hours.

Location          Felling          Skidding
CNV RIL CNV RIL

Cauaxi, Brazil (m3/h) 20.46 18.65 22.39 31.66

West Kalimantan:
   - (trees/d) 14.0  17.4
   - (logs/day) 14   16
Berau, East Kalimantan  (m3/h) n.a. n.a. 7.8 11.7
Bulungan, East Kalimantan (m3/h) 17.8 22.8 15.1 20.4

such as Brazil, which charge a relatively high fee for
logging rights (US$196/ha —Baretto et al. 1998), the
stumpage value induced by logging rights costs in
Indonesia is small. The forest concession license fee
(Iuran Hak Pengusahaan Hutan, IHPH) subtracted
only a small amount of money. Hence, concessionaires
incurred almost no cost on the logging waste. Fellers
and bulldozer operators are certainly the parties
affected by the wood waste as the wages they received
were determined by the commercial volume reaching
the log landing. Wood waste left in the forest caused
lost revenue to the government in the form of log
royalties (Iuran Hasil Hutan, IHH) and rehabilitation
funds (Dana Reboisasi, DR). In addition to the RIL
technique, an incentive or disincentive mechanism that
leads to waste reduction and utilization needs to be
sought. A regulation (Presidential Decree No. 32/1998)
regarding the levies (DR) on different classes of logs
imposes the highest rate (US$16/m3) for logs with a
diameter of > 50 cm and the lowest (US$2/tonne) for
logs with diameter of > 29 cm. Logs with a diameter =
50 cm as the main product are generally graded for
veneer and those of > 29 cm for chip wood. Between
these two extremes, there are two rates for the diameter
classes of 30–40 cm and 40–50 cm. Wood waste
assessed in the study was part of a bole with a diameter
as big as that of the extracted log. It may not be suitable
for veneer but usable for sawn timber. According to
the above-mentioned regulation, it is charged at the
same rate as the main product. This waste category
should get a lower rate as an incentive to reduce waste.
One of the weaknesses of the present system is that it
does not impose disincentives to wood waste left in
the forest. Considering the complexity of the present
system, one way to avoid government revenue loss
attributed to wood waste is to charge a royalty (or levy)
based on the volume of standing trees, in place of the
levy mechanism currently being applied. This would

also provide a disincentive (cost) to concessionaires
to leave logs or other wood waste in the forest.
Although the main objective of RIL is to reduce
damage, the technique can also be considered as a
vehicle for an improved way of reducing waste than
the conventional technique.

Felling and skidding

 In the Malinau concession, RIL increased felling and
skidding productivity by 28% and 25%, respectively,
in comparison to CNV. The cost of skidding was also
reduced by 27% in RIL. In the Brazilian Amazonia,
Holmes et al. (1999) reported that RIL increased
skidding productivity by 41% in comparison to CNV,
while felling and bucking decreased by 20% (Table
4.16). Van der Hout (2000) also reported felling
performance reduced by 37% in RIL, while skidding
output increased from 14.4 m3/h to 15.9 m3/h. The RIL
study by the NRM Project in 1994 in West Kalimantan
reported an increase in fellers’ daily productivity of 24%
and skidding productivity of 14% in terms of the number
of felled trees and extracted logs. In another RIL study
in  INHUTANI I’s concession in Berau, East
Kalimantan, RIL increased hourly skidding productivity
from 7.8 m3 to 11.7 m3, or 50% in comparison to CNV
(Natadiwirya, personal communication). Compared to
CNV, RIL in the Berau study showed a decrease in
skidding costs of 50%. Due to higher productivity, the
unit cost of skidding in both CNV and RIL in Malinau
was lower than that in Berau.

Felling and skidding are two very dependent
activities. Directional felling in RIL was primarily
intended to facilitate skidding in order to avoid
damage. Further improved practices in felling might
lead to improved skidding productivity, although it
might reduce fellers’ productivity. Therefore, in order
to maintain the quality of work in the RIL, an
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incentive should be given to the feller even if a
productivity increase is not achieved. In the interests
of cost reduction, a productivity increase in skidding
is preferable to such an increase in felling, as it would
result in a higher reduction of the unit cost.

In terms of waste reduction, the volume of logs
falling into ravines in RIL was lower than in CNV,
i.e., 4.20 m

3
 (1 log) vs. 49.4 m

3
 (5 logs). These

accounted for 6.4% of the total logs left in RIL and
8.5% in CNV (0.12% of the total extracted volume
in RIL and 0.9% in CNV). The reduction could be
attributed to the application of directional felling in
RIL. The benefits of this technique were
demonstrated particularly in moderate to heavy
terrain such as in Malinau.

Log transport

Our study only concerned the RIL experiment and did
not include road planning and construction. Accordingly,
it covered only the total cost of pre-harvesting
operations, felling and skidding, which represented just
15% of the total logging cost [(2225+1500+22 310) x
100%/168 920] in the case of CNV. Future experiments
should, therefore, cover road planning, road construction
and maintenance. It is expected that within the RIL
system, the road planning and construction component
will be more expensive than in CNV. However, proper
planning and construction are likely to decrease
significantly the road maintenance costs and improve
the productivity of log transport. At present it is not
clear what RIL technique would affect the unit cost of
long distance transport and roads. However, the higher
recovery per ha in RIL would lower the unit cost. On
the other hand, road design requirements in RIL might
increase road costs, although this might reduce the
maintenance cost. Improper road engineering will
induce improper transport operations; the potential
consequences of improper transport operations are high
transport costs and excessive costs for repair or
reconstruction (Dykstra and Heinrich 1996). Therefore,
proper road planning in RIL is likely to increase transport
efficiency, leading to a lower unit cost.

Damage reduction

RIL reduced the damage to the residual stand
resulting from skidtrail opening and log landings. The
reduction of open area caused by skidtrails and log
landings (m2 per m3 extracted volume) in RIL was

54% and 19%, respectively. The implementation of
RIL with ground skidding using a bulldozer in Sabah
(Pinard et al. 2000) reduced soil damage from 13%
to 9% in total area. INHUTANI II can expect a
potential cost saving from post-logging activities, in
which TPTI requires concessionaires to enrich or
replant the open area caused by logging. Hence, a
reduction in the open area would reduce replanting
and enrichment costs. Although the increased value
of the residual stand is one of the main benefits, the
present study did not cover such assessments.

Loggers’ perception of RIL as an obstacle
to adopting RIL techniques

Lack of skilled manpower to do the appropriate
planning for RIL implementation would hamper
adoption by other concessionaires. Therefore, RIL
training will be necessary for interested
concessionaires. This constraint was also observed
elsewhere (Hammond et al. 2000). In our RIL
experiment the estimated cost of training was Rp
1678 Rp/m

3
 (US$0.22/m

3
, at an exchange rate of

US$1 = Rp 7500 ). The cost of training in Brazil was
US$0.21/m

3
 (Holmes et al. 1999, cited in Hammond

et al. 2000) and US$0.59/m
3 
in Ecuador (Montenegro

1997, cited in Hammond et al. 2000). In the RIL
experiment, no difficulties were encountered during
the training of fellers and operators due to the years
of experience they had acquired in CNV. The training
cost would be much reduced if the Indonesian Forest
Concessionaires Association (Asosiasi Pengusaha
Hutan Indonesia, APHI) and the government support
the training of trainers.

It is widely perceived by concession holders
that good planning will cost more. Part of this
problem lies in the lack of knowledge of the costs
and benefits of RIL in comparison with CNV. Another
impediment stemmed from the fact that the present
profit margin earned by concessionaires in
conventional logging is very high, i.e., 25–35%. The
introduction of a new method such as the RIL
technique will reduce this profit margin, hence
providing little financial incentive. However, the
fellers and skidder operators involved in the RIL
experiment expressed their satisfaction, as they were
able to meet the same daily volume in a shorter time
than in CNV. Overall, RIL has brought up new
perceptions of the benefits of good pre-planning and
the opening of skidtrails before felling as it made
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their job much easier than in CNV. For skidder
operators, skidtrail opening in the initial days was
non-productive in terms of log gathering, but they
found skidding more productive when skidtrails were
already opened.
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Annex 1.  Comparison of the main activities in RIL and CNV operations

Activities Reduced-impact logging Conventional logging

1. Forest Survey Pre-harvesting survey includes topography Commercial trees with DBH > 20 cm are
assessment and mapping mapped and dbh estimated. No topography
of harvestable trees. assessment.

2. Mapping Topographic and tree location maps, Tree location maps only produced manually.
5 m contour lines, 1:2000 scale produced No topographic contour lines.
with ROADENG software.

3. Vine cutting All vines of at least 2 cm in diameter No vine cutting.
growing on each harvestable tree are
removed during forest inventory one
year prior to felling.

4.Skidtrail planning Skidtrails are planned according to No skidtrail planning.
the topography and position of harvestable
trees shown in the operational map.
Skidtrails are then marked on the field
with coloured ribbon flags.

5. Skidtrail opening Skidtrails are opened before felling to help Skidtrails are opened during extraction.
fellers with directional felling decisions.

6. Training Training on topography assessment, None.
use of Roadeng software, directional felling
and skidding operations were provided
prior to logging.

8. Road construction Because of the small scale of Road planning is done two years before
the experiment, road planning and harvesting and the construction one year
construction were not included in this study. before. Road planning and location are based
The road already existed before logging. on rapid field survey and checking but not on

a systematic topographic assessment. No
topographic maps are produced.
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