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Environmental awareness has a strong positive correlation with economic
development: poor people's main concern is to-morrow's meal rather than
environmental issues.

The purpose of mathematical programming is insight, not numbers
(D.P. Dykstra, 1984).

An attractiveness of a quantitative analysis is that it provides a common
language for different stakeholders (this thesis).

There is no country where all the rights contained in the Universal Declaration
of Human Rights are honoured for all citizens
(C. Short, Department for International Development, 1998).

There are ways to reconcile forest conservation with both industrial timber
harvesting and forest utilisation by the local population (this thesis}).

Mankind has made substantial progress in technology during the twentieth
century, unfortunately, the same cannot be said about morality.

The primary role of an analyst in forest management is to provide decision
makers with a basis for their decisions, not to make decisions (this thesis).

Un bon forestier doit avoir les pieds sur terre et la téte dans les nuages
(3.J. Faure, 1984, during a lecture in forest management).
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ABSTRACT

The present study aims to support decision-making in rainforest management in Cameroon. A
model called TROPFOMS (TROPical Forest Management support System) has been
designed to guide decisions on the cutting cycle and timber yields during the steady state and
the conversion period, taking ecological, social, economic and technical aspects into account.
TROPFOMS includes a mathematical programming module, a growth and yield module, an
economic module and a constraint definition module, It uses quantitative methods {transition
matrices, cluster analysis, logistic regression analysis, mathematical programming, stumpage
prices derivation). The model results in an optimal cutting cycle of about 30 years, and a
harvest of 13.4 m*/ha for species currently commercialized. It would require about 120 year
to convert forest at the study site into a steady state forest.

Key words: Tropical rainforest, Forest management, Decision-making, Sustainability,
Cameroon.
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Chapter 1

Introduction

Cameroon is a country of about 15 million inhabitants located on the west-coast of central
Africa. Most people of Cameroon live in rural areas where they directly use the forests as a
life supporting system. In addition, the developing economy of Cameroon is still heavily
based on the trade of raw materials among which timber products harvested from natural
forests have considerable importance. For these reasons, the management of forest resources
in Cameroon is of special importance. This importance has increased in recent years due to
raising international consciousness about environmental issues and efforts are made in
Cameroon to move towards sustainable management of forest resources. The efforts include
both institutional and technical aspects, but also need a scientific basis that should come from
research.

This document reports on a contribution from research to improve forest management in the
tropical region in general and particularly in Cameroon. A brief review of the forestry sector
of Cameroon is given in order to provide insight into the complex framework of forest
management in Carneroen, and to describe the context of the research including a general
presentation of the research problem,.

1.1 Background on the forestry sector of Cameroon

1.1.1 A synthesis of Cameroon’s forest resources and logging activities

Cameroon has a total land area of 475,000 km? (47,500,000 ha), and presents a high diversity
of tropical vegetation types. These vegetation types range from the equatorial rainforests in
the South Province, to the sparsely covered and dry grasslands of the Far North Province near
the Sahara desert. Among these vegetation types, the closed forests account for 22.5 million
hectares including productive forests on drained iand (17.5 million hectares), degraded forest
(4.5 million hectares) and swampy forests (0.5 million hectares).

An objective of the Cameroon forest policy is to maintain 30% of the National territory as a
permanent forest estate. An indicative zoning plan has been developed for 14 million hectares
of closed forests (C Lt 1993; Government of Cameroon, 1995b). Of these 14 million, about
9 million are proposed to be part of the permanent forest estate within which there are about 6
million ha of production forests divided in 90 Forest Management Units (FMUSs). The main
objective of the production forest is timber production.

Cameroon produces about three million m” of roundwood logs per vear, which makes it a
major producer of tropical logs in Africa. Logging contributes about 7% to the Gross
Domestic Product and 20% to exports (Eba’a, 1998). Most of the production is exported to
foreign markets either as roundwood or as processed products (first processing only).
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1.1.2 Cameroon’s forestry institutions

Since 1992, the forestry policy of Cameroon is designed by the Ministry of Environment and
Forestry (MINEF). Before that year forestry matters were dealt with by the Ministry of
Agriculture (MINAGRI). MINEF has two technical departments: the Department of Wildlife
and Protected Areas and the Department of Forestry. In addition, MINEF has representative
offices scattered all over the national territory. MINEF not only designs forestry policy, but it
also implements and particularly enforces regulations related to forest management and
wildiife, such as the accreditation of logging enterprises and granting of logging rights. In
addition, MINEF includes a service of forestry education that supervises two technical
schools; one of which trains forestry technicians and the other wildlife management
technicians. Attached to MINEF is the National Office for Forestry Development (ONADEF).
ONADEEF is an implementing agency that carries out technical assignments on behalf of
MINEF. It is ONADEF that conducts forest regeneration by artificial plantations of trees
wherever the situation permits. It also carries out forest inventories and manages a number of
forestry development projects.

Apart from MINEF, there are many more ministries involved in the public forestry sector, the

main ones are:

s The Ministry of Higher Education which trains forestry specialists and performs forestry
research mainly through the University of Dschang,

¢ The Ministry of Scientific and Technical Research which conducts forestry research with
its Institute of Agricultural Research for Development (IRAD} and,

» The Ministry of Territoriat Administration and Planning which coordinates land use at the
national level.

Timber harvesting is conducted by private companies that have to apply for logging rights
after they have been accredited by MINEF.

1.1.3 Synthesis of current forest management options in Cameroon

In Cameroon, the State (Government) is the primary body responsible for the management of
forests for timber production. Although timber harvesting is performed in the field by private
companies, it is the State which designs the forestry sector policy, grants logging rights, and
defines and enforces forest management regulations. This remains true even though efforts
are made to involve the other stakeholders at every step. Therefore, state forest management
policy deserves particular attention as it coordinates all practices in the logging industry.

In Cameroon, existing forest management options adopted by the State can be classified in
two: options on the national level and options on the FMU level.
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a} Farest management options on the national level

Management options on the national level consist mainly of forest policy statements and
choices that are designed to govern the management of all national forests. The options for
forest management in Cameroon on the national level are described in three main policy
documents; the National Forestry Policy statement written in 1993 (Government of
Cameroon, 1993) and revised in 1995 (Government of Cameroon, 1993a), the Forestry Law
(Government of Cameroon, 1994) and its Decree of Implementation (Government of
Cameroon, 1995¢). The above three policy documents are supported technically by a Zoning
Plan (Coté 1993) which was approved by the State in 1995 (Government of Cameroon,
1995b).

Faorest policy statements. The forest policy centers around the achievement of five objectives
associated each with a set of action strategies. These objectives are:

1} To ensure the protection of Cameroon’s forest heritage and to contribute to the

safeguarding of the giobal environment and to the preservation of biodiversity. This objective

is to be attained through three action strategies that are:

¢ creation of national forest reserves and protected areas which are representative for the
national biological diversity,

e integration of a component on “environment and balanced ecosystems™ in the national
policy of land management,

e development of protection, conservation and improvement measures for all forest
resources.

2) To improve the participation of the local populations in the conservation and the
management of forests so that forestry can contribute to raising their living standards. This
objective is to be achieved through:

+ improvement in the organization of the timber products sub-sector,

+ promoting the preservation of forest resources by local authorities,

e promoting the development of private forests and game ranching in rural areas,

¢ development of agroforestry in land utilization systems.

3) To enhance the forest resources in order to improve their contribution to the Gross
Domestic Product of Cameroon while preserving their productivity. The action strategies
adopted for the achievement of this objective are:

e improvement of the supply of firewood and other non-industrial roundwood while
maintaining the productive potential through a more judicious utilization of available
resources,

e orientation of the national energy demand towards less expensive sources and substitutes,

¢ improvement of the participation of all stakeholders in the management of firewood and
non-industrial roundwood resources,-

s better organization of the informal sub-sector,

* improvement of the logging industry,
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e improvement of the management of the raw material in order to optimize benefits from
the productive potential,
e promoting the use and the diversification of processed timber products.

4) To ensure the regeneration of forest resources by plantations in order to perpetuate their
potentials. This objective is to be achieved through:

» artificial plantations using tree species whose silviculture is well-known,

» promotion of the participation of all stakeholders in forest regeneration,

s improvement of the management of watersheds.

53) To revitalize the forest sector by setting up an efficient institutional framework. Actions

and strategies to be undertaken include:

» overall definition of the tasks of those involved in the sector,

¢ improvement of the organization and coordination of the institutions involved in the use
of forest resources,

e the promotion of training activities adapted to the objectives of the new forest policy,

e the improvement of the management of the human resources,

¢ insuring the financing of forest sector activities as a priority.

The forestry law. The forestry law divides the national forest estate in permanent forests that
should cover at least 30% of the total area of the national territory and reflect the country’s
ecological diversity, and non-permanent forests. Permanent forests consist of state forests that
include areas protected for wildlife and forest reserves among which are also production
forests. Non-permanent forests include communal forests, community forests and forests
belonging to private individuals.

In addition to the classification of forests in different forest types, the forestry law of
Camerocon gives broad guidelines about the management of each forest type, as such it
provides a legal setup for the exploitation and management of production forests which are of
special interest in this study. There are two types of logging rights in production forests: the
sales of standing volumes and the exploitation contracts. A sale of standing volume is an
authorization to exploit, “for a fixed period, a precise volume of standing timber which may
not exceed the annual logging potential” (Government of Cameroon, 1994). An exploitation
contract is an agreement in which the license-holder is granted the right to collect a specific
volume of wood from a forest concession. The total area of a forest concession “may not
exceed in any case 200,000 hectares” (Government of Cameroon, 1994). Forest exploitation
contracts have to be concluded for a maximum renewable duration of 15 years. A licence
holder for a forest concession concludes a provisional exploitation contract with the forest
department prior to signing the final contract. A provisional contract has a maximum duration
of three years and the management plan is “a compulsory clause of the specifications made
during the execution of the provisional coniract.”

The Zoning Plan. The Zoning Plan is a proposed broad Land Utilization Plan drawn by the
State. However, it is open for negotiations during its implementation in the field. To date, it
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covers only about 14 million ha which represent about 30% of the total area of Cameroon.
This Plan covers almost all the closed forests of Cameroon. Of the 14 million ha planned,
about 9 million are proposed to constitute the permanent forest estate, among which
production forests cover 6 million ha. The Zoning Plan proposes boundaries for each
production forest on a map.

b) Forest management options on the Management Unit level

The main options on the FMU level are presented in four technical documents which contain
standards for forest inventory with the purpose of management planning (ONADEF, 1992a),
standards for the stratification of forest lands for their mapping at the scale of 1:50,000
(ONADEF, 1992b), standards for the verification and evaluation of forest inventories
{ONADEF, 1992c) and guidelines for the elaboration of forest management plans for
production forests (Ministry of Environment and Forests, 1998h).

These documents provide indications for sampling designs during different types of forest
inventories. For example, the sampling intensity of forest inventories for management
planning purposes should be at least 0.5% of the total FMU area. They also regroup tree
species in three groups based on the frequency of their demand in the timber products
markets. According to the official grouping of tree species, group 1 contains the 27 species
most regularly exported from Cameroon forests irrespective of the prices, the only limitation
to the export appears to be their supply from the forests; group 2 consists of 14 species that
are commercialized less regularly and group 3 contains 49 species considered as potentially
commercial. The minimum diameters eligible for harvesting (DME) are also set by species
(See annex 1). The guidelines for the elaboration of management plans for production forests
set the minimum cutting cycle at 25 years and makes it mandatory to estimate the annual
allowable cut on the basis of at least 20 species making up a minimum of 75 % of the
standing harvestable volume. A standard canvass for management plans is also provided as
well as standard contracts and drafts of specifications that should define the rights and
obligations of different stakeholders.

The interest of the current research is on the management strategies at the FMU level,
particularly as concems forests stands of production forests.

1.2 Generatl context of the study

1.2.1 Administrative setting of the research project

This research project was conducted within the general context of the Tropenbos Cameroon
Programme (TCP) which consists of 14 research projects in five research areas which are:
Agronomy, Ecology, Forest Management and Economics, Social Sciences and Forestry. The
global objective of the TCP is to develop an appropriate technology for sustainable manage-
ment of the tropical forest of southern Cameroon.

The TCP was initiated by an agreement between the Tropenbos Foundation of The
Netherlands and the Government of Cameroon. The TCP is under the administrative
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supervision of the Ministry of Environment and Forestry of Camercon (MINEF). On the
Cameroon side, five more institutions are involved including the Institute for Agricultural
Research and Development (IRAD) which is the main implementing agency, the National
Office for Forestry Development (ONADEF), the University of Dschang (UDS), the
University of Yaoundé I (UY1) and the Institute for Geological and Mining Research
(IRGM). On the Dutch side the main implementing agency is the Wageningen Agricultural
University (WAU). Other participating agencies include: the Winand Staring Center for
Integrated Land, Soil and Water Research (SC-DLO) and Leiden University.

Not only did the TCP provide funds and logistic means for research operations, it also
encouraged co-operation among researchers especially the exchange of developed or gathered
information.

1.2.2 The research site

The TCP research site is situated in Cameroon, approximately 80 km from Kribi, a coastal
town were the head offices of the TCP are located. The site stretches out from 2°47" to 3°14°
E longitude and from 10°24° to 10°51 N latitude (van Gemerden and Hazeu, 1999) and it
covers a total land area of about 200,000 hectares.

The zoning plan (Coté, 1993) of Cameroon distinguished different forest types within the
TCP research site as shown in table 1.1, while the orientations given by the Zoning Plan for
the Tropenbos Cameroon research site are surnmarized in table 1.2. It can be noted that
production forests are the least important in area compared to other types of forest.

Table 1.1: Vegetation types of the Tropenbos Cameroon research site

_Vegetation types Area (ha)
Dense humid forests 61,820
Dense humid forests (inaccessible) 22,300
Old secondary forests 71,980
Young secondary forests 22,550
Agriculture (young fallow) 1,420
Agriculture (farms) 15,920
Housing 170
‘Total 196,160

Source: Coté (1993)

Nevertheless, it is thought that they should be managed as carefully as possible because of
their status as permanent forests. In contrast to protection forests (the other type of permanent
forest on the TCP research site), production forests are more subjected to utilization by
different stakeholders among which are loggers and the local populations.

The climate is typically equatorial and characterized by rainfalls that occur all the year long
although there are two rainy seasons and two dry seasons. The mean annual temperature is
about 25°C. The altitude ranges from 40 m above sea level to about 1000 m.
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Table 1.2: Extract of the Zoning Plan of the Tropenbos Cameroon research site

Proposed land utilization type Forest category Land area (ha)
Production forests permanent 15,470
Protection Forests permanent 41,190
Community forests Non permanent 17,170
Agroforestry and habitat Non permanent 122,310
Total 196,140

Source: compiled from Cété (1993)

Administratively, the TCP research site belongs to the South Province, one of the ten
administrative provinces which constitute Cameroon and touches two administrative
divisions, the Ocean Division (with the head town Kribi) and the Mvila Division (with the
head town Ebolowa).

1.2.3 The research problem

Forestry is becoming increasingly important in Cameroon, especially in the national economy
(Eba’a, 1998). According to the Tropical Forestry Action Plan (TFAP)} of Cameroon
(FAO/UNDP, 1988} "Faced with forestry resources which are becoming exhausted in some of
the traditional producing countries, and with other potential producers having difficulty rising
to the position of power”, Cameroon has the potential to become the most important African
producer and exporter of forestry-based products. Forest exploitation goes on, but, unfortu-
nately, as pointed out by the TFAP, "there is currently no managed forest in Cameroon that
represents a very serious threat for the future and the perpetuation of the forest." The lack of
sustainable forest management may lead in the long run to depletion and/or the failure of the
forestry sector to contribute as much as it potentially can to the improvement of the wellbeing
of Cameroon nationals.

Diagnoses of the prevailing situation show that the absence of sustainable management of
Cameroon’s forests is the result of both an inadequate institutional context and insufficient
scientific and technical knowledge. The Government of Cameroon and its forestry officials
who have become more and more conscious about the need for sustainable management of
the national forests are taking some steps towards improving the current situation (Eba’a and
Essiane, 1998). One of the recent efforts made is the provision within the current forestry law
(Government of Cameroon, 1994) that there must be a written and approved management
plan for each forest concession before a long-term grant can be concluded. In order to
approach the ideal of sustainable deveiopment, forest management planning should be based
on sound scientific and technical knowledge and it should integrate concerns of forest users.
A forest management plan includes a set of decisions to affect the forest now and in the
future, Therefore, it should use the best available methods, which combine knowledge
collected in different scientific fields to support decision-making and generate practical
management strategies for field implementation,
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The intent of the research presented here is to contribute to the development of the necessary
technical and scientific basis for forest management planning in the tropical region in general
and in south Cameroon particularly. This requires first a review of both the general principles
of forest management and the status of forest management in the tropical region. Such a
review helps to identify the important parameters on which sustainable forest management is
based and to detect knowledge gaps in order to orient the research and defines its objectives
more specifically. The review and the definition of research objectives are presented in
chapters 2 and 3 respectively.

1.3 Organization of the document

The whole document is about the development of a model (TROPFOMS) which can be used
to support decision-making for forest management in south Cameroon. After this introductory
chapter that briefly presents the forestry sector of Cameroon and the context of the study,
chapter 2 reviews different approaches and principles related to sustainable forest
management with special emphasis on decision-making, and it identifies research gaps in
tropical forestry, one of which is addressed by the current study. Chapter 3 presents the
problem tackled by the rescarch, defines the research objectives and shows the conceptual
approach which underlies the research. Chapter 4 gives information about the constitution of
TROPFOMS and the way the model approaches decision-making forest management and
derives solutions. Chapter 5 describes the methodological approaches for conducting the
research, developing necessary parameters for TROPFOMS and searching solutions within
the model. The actual numerical values obtained by the methods described in chapter 5,
which are used by TROPFOMS to provide quantitative guides to support decision-making,
are presented in chapter 6. The outcomes of running TROPFOMS as well as their
implications for forest management strategies, are shown in chapters 7 and 8 for the steady
state and the conversion period respectively. Finally, chapter 9 reflects on the whole research,
highlighting limitations and identifying conditions for improvement, and it concludes and
makes recommendations for future studies.
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Chapter 2

Review of forest management and decision-making

In recent years, forest management has received much attention. Much of the renewed interest
in forest management by the public at large is related to the concept of sustainabitity and its
corollary sustainable development. This concept has emerged since the mid 1980s as a basic
ideology to orient and assess the management of natural resources among which are forests.
Therefore, it appears important to briefly introduce the concept of sustainability and discuss
its relationships with forest management before reviewing different approaches used in forest
management with special emphasis on tropical forests.

2.1 Sustainability and sustainable management

2.1.1 The general concept

For about the last two decades the notions of sustainability, sustainable development and
sustainable management have been among the top issues in almost all debates related to
natural resources and their utilization. Yet, as Hadley and Schreckenberg (1989) put it
“sustainability is difficult to define." The main reason given by these authors to explain that
difficulty is that sustainability has a "multifaced character”, this makes it difficult to achieve it
because of the large number of constraints that need to be overcome,

Nonetheless, many organizations or individuals have proposed definitions for these concepts.
The World Commission on Environment and Development (1987) proposed a definition of
the broader concept of sustainable development as being "a process of change in which
exploitation of resources, the direction of investments, the orientation of technological and
institutional change are all in harmony and enhance both current and future potential to meet
human needs and aspirations.” This definition suggests that, in searching for sustainability,
one should bear in mind the satisfaction of the needs of the current generations at the same
time as the conservation of resources for future generations. Pezzey (1989) identifies two
major concerns that the concept of sustainable management of natural resources tries to
address:

1) A concern for a lasting improvement in the well-being of people and

ii) A concern for protecting and maintaining the capacity of the natural resource systems that
provides the basis for such improvement.

2.1.2 Sustainability and forest management

Although the quest for sustainability can be seen as a new focus in the management of other
natural resources (renewable or not), it has been one of the most important aspects in forest
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management since the earliest development of forestry as a science. In its earliest stages, the
forestry profession appeared to have been oriented towards the conservation of forest reserves
for hunting by kings and nobles (FAO, 1993). Forest management quickly turned to focus
mainly on sustainabie timber extraction. Winters (1974) reported that as early as in the 1700s
"German forest masters were applying mathematical formulae to calculate forest growth,
developing cutting budgets to spread the volume yield of a forest equally over the number of
years required to produce a new crop of timber, and were preparing systematic forest
operational plans." Already in 1768, a school of forest practices disseminating these
techniques was established in Germany. The idea of harvesting no more timber than the
growth has been ever since the driving force behind the notion of sustainable forest
management.

Trained forestry professionals began working in the search of the so-called "sustained yield".
With that notion, forest managers aimed at "achieving a balance between growth and harvest
taking into account the fact that the forest is a renewable resource, as contrasted with minerals
which cannot be replenished except over a geologic time span” (Mever et al., 1961). The
main idea was to balance the volume harvested against the growth predicted from regener-
ation. A forest managed in a sustainable way meant that continuity of timber harvest was
assured (Davis, 1966). Such a forest, which theoretically produces an even flow of timber
forever, is called a "fully regulated forest”. The essential requirements of a fully regulated
forest are that age and size classes be represented in such proportions and be consistently
growing at such rates that an approximately equal annual or periodic yield of products of
desired sizes and quality may be obtained in perpetuity. A progression of size and age classes
must exist such that an approximately equal volume and size of harvestable trees are regularly
available for cutting. Forest regulation deals with changing unregulated forests to fully
regulated ones. As such, it addresses the questions of how many hectares and how much
volume to cut. Classical forest management specialists have used two basic approaches to
convert an existing non-regulated forest into a fully regulated one (Davis and Johnson, 1987).
These approaches are:

i) Area control: the principle is to harvest and to regenerate the same number of hectares
each year or period that would be harvested in a fully regulated forest. The harvested volume
results then from the standing timber on the area scheduled for cutting each year. This
approach is the easiest way to regulate an unmanaged forest once the appropriate rotation or
cutting cycle is determined. For even-aged forests regulation should be achieved in one
rotation. For an unregulated uneven-aged forest, the number, size, and species of trees
harvested depend on growth rates, the existing and desired species and the diameter
distribution of the stands making up the initial forest. Regulation in this case can require more
than one cutting cycle.

Area control is simple, direct and has the virtue of portraying the harvest in terms of area to
cut that is something all regulation techniques must do eventually. However, its main
disadvantage has been the lack of control on the volume harvested.
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ii) Volume control: the essential question addressed with this approach is how much volume
to cut periodically (for example each year). The area to cut is chosen to satisfy this volume.
The determination of the volume to cut is approached through the amount and distribution of
growing stock and its increment. Several formula methods have been developed for
determining the cut by volume control. Some of them are:

- Formula methods based on current growing stock and potential growth. One representative
of these methods is the so-called Hundeshagen's formula which reads:

~

Cut=Y, =—=G @.1)

a

Q

-

where: Y, = growth or harvestable yield in existing forest
Y, = growth of regulated forest (long term sustained yield)
G, = growing stock in regulated forest
G, = growing stock in existing forest

- A method based on the growing stock only, which is derived from the preceding formula
and reads:

Y, =2—"* (2.2)

where: R is the rotation age chosen.

- Formula methods based on growing stock and its increment. Some formulas to determine
annual cut representatives of this line of reasoning are:

. The Austrian formula;

Cut=1+ (6. -G (2.3)
a

where a is the adjustment period in years and [ is the annual increment.

. The Hanzlik formula:
Cut = Yo +1 (2.4)
ur=—p .

where: Vp, is the volume of commercial timber above rotation age.

The major advantage of volume control is that it allows managers to provide the industry with
a constant flow of timber during the regulation period, which usually is desired by the
managers. Disadvantages include the lack of formal control over the area cut per year making
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it difficult to ensure that the forest moves toward a regulated condition. In addition, growth
information on unmanaged stands are often difficult to obtain. Because of the disadvantages
presented by each of these two approaches, forest management specialists have also used
some combinations of both.

In forest management, there has been an important evolution in the scope and meaning of
sustainability. At first, sustainable forest management basically meant continued supply of
timber products from the forest. Such a perception of sustainable forest management is now
highly criticized by natural resources scholars operating in a context characterized by a
greater national and international concern for long-term environmental quality. The FAO
{1993a) illustrates this change stating that "The sustainable management of forests for the
production of wood is based on the deceptively simple principle... harvest the wood at an
annual rate no greater than the forest in question can grow it." Gregersen and Lundgren
(1990) proposed a definition of sustainable development as applied to the field of forestry that
represents a contemporary approach to the problem of sustainable forest management. They
see it as "... development involving changes in the production and/or distribution of desired
goods and services from forests and from trees which result, for a given target population in
an increase in welfare that can be sustained over time." However, one may argue that the
target does not need to be a single specific population component (target population), but can
be the society as a whole; each component of which has an interest in specific forest products.
Nowadays, the orientation is more toward a multipurpose management of a forest so that its
capacity to provide goods and services is not diminished. Particularly suitable for a tropical
moist forest is the objective of providing timber on a sustainable basis while continuing to
provide fuelwood, food and other goods and services for those living in and around the forest
{FAO, 1993a). The International Tropical Timber Organization (ITTO), which focuses
primarily on tropical forests and which is trying to ensure that all timber traded from tropical
countries is harvested in sustainably managed forests by the year 2000, defines sustainable
management of tropical forests as "the process of managing permanent forest land to achieve
one or more clearly specified objectives of management with regard to the production of a
continuous fiow of desired forest products and services without undue reduction of its
inherent values and future productivity and without undue undesirable effects on the physical
and sociat environment" (ITTQO, 1992).

Gregersen et al. (1993) identified the following four major operational implications that the

concept of sustainable development has on forestry projects:

» Avoid damage to critical natural capital and be wary of starting processes that are
irreversible;

¢ Where the resource can be maintained, limit exploitation to sustainable levels; where it is
to be run down (e.g. to release land for agriculture), set aside and invest enough of the
proceeds to produce a permanent income stream or alternative sources of forest products
for those who depend upon them;

*  Where possible, put economic values of social environmental costs and benefits so that
they are taken into account in decisions; and
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+ Ensure to the fullest extent possible that impacts normally treated as externalities are
internalized within the design of the project (e.g. by including compensatory measures
where necessary).

Thus, in addition to addressing current and future human needs, the concept of sustainable
forest management includes not only timber production but that of all other goods and
services expected from a forest by different people utilizing it. This will sometimes bring
forest managers and forest policy makers to face interests. But, as the FAO (1993b) puts it
"accepting the fact that most of these interests are legitimate is an essential first step if
progress is to be made in reducing today's rate of forest loss."

To make the notion of sustainability more practical, less confusing and less abstract, ITTO
(1992), a leading organization committed to sustainable utilization of tropical forests, has
proposed criteria for the measurement of sustainable tropical forest management at national
as well as at management unit levels. At the national level the criteria proposed are:

* the forest resource base;

e the continuity of flow of forest products;

¢ the level of environmental control;

e socio-economic effects of forest product harvesting;

¢ institutional frameworks.

To measure sustainability at the level of the forest management unit the proposed criteria are:

* resource security (one example of indicators given is among other things the existence of
a management plan);

¢ planning and adjustment to experience;

s the continuity of timber production (examples of indicators given include: the presence of
clear official harvesting rules, the number of trees and/or volume of timber per hectare
harvested, and provision for monitering the residual growing stock after logging);

¢ the conservation of flora and fauna;

e an acceptable level of environmental impact;

* socio-economic benefits (including the number of people employed and the nature and
extent of benefits from forestry activities).

These criteria are considered as relevant in this study and will be kept in mind in addition to
unhampered use of forest resources.

2.2 The sustainable management of tropical forests: issues and opportunities

2.2.1 The occurrence of tropical forests

The world’s tropical forests were estimated to cover a total land area of about 1,756.3 million
ha in 1990 (Nyysstnen, 1993), decreasing from the estimated 1,910.4 million ha estimated in
1980. This represents a loss of 15.4 million ha per year (an average deforestation of 0.8% per
annum). The main cause for such a phenomenon was found to be the expansion of agricul-
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ture. For example shifting cultivation was estimated by FAO (FAO/UNEP,1981) to be
responsible for about 70% of deforestation in Africa. However, commercial logging is also
one of the important causes of deforestation, especially as shifting cultivators use logging
roads to ever more deeply penetrate the forests. But a more global cause that gives various
incentives for deforestation is poverty (Nemetz et al., 1992).

In Cameroon, the annual rate of deforestation was estimated by FAQ (1993b) to be about
0.6%; which corresponds to 122,000 hectares per year. In addition, the estimated loss in
biodiversity concerns about 2% of the total number of species each year.

The passionate character of the debate aver the magnitude of the loss of tropical forests
results partly from the fact that the shrinking of the tropical forests represents a great loss for
the human kind because these forests are the richest and the most diverse forest ecosystems
on earth even though miilions of species are still not described (Poore and Sayer, 1991). For
example in Cameroon alone, about 297 species of mammals have been identified. In addition,
there are 818 bird species and about 9000 plant species of which 156 are endemic (IUCN,
1992).

This means that a major objective in any conlemporary attempt to manage the tropical moist
forest nowadays is the protection of the biological diversity (Poore and Sayer, 1991).

2.2.2 Some characteristics of the tropical rainforests

a) Physical and bio-ecological characteristics

The physical and bio-ecological characteristics of the African tropical rainforest environment

can be summarized as follows (Willan, 1989):

« ftropical forests grow in a wide range of climate types ranging from the equatorial rainfall
(over 1500 mm/year) to the intertropical belt with one or two dry seasons. However, the
rainforest is encountered mainly in the equatorial climate;

* most soils in rainforests are rather nutrient-poor because there is a high potential for
leaching due to the heavy equatorial rainfall. Some authors (Hall, 1977) have signaled
some correlation between species composition and soil parent material.

As described by Aubréville (1938), Eggeling (1947), Lanly (1966), Longman and Jenik

(1974), and Hall (1977), the features that are most relevant for the management of the

evergreen moist forest are:

* alarge number of species per unit area;

¢ a multi-layered and a multi-storied canopy. Each layer contains species of which the
height at maturity is limited as well as species typical of the layers above;

* highly frequent buttresses;

¢ abundant herbaceous and woody climbers, especially in disturbed forests;

e complex spatial pattern and species distribution.
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These characteristics suggest that the management of natural tropical forests will be more
complicated than it is the case with other forest types. Because of the high level of diversity
involved, important aspects of forest management, such as the dynamics of forest stands, are
difficult to comprehend. For example, in temperate zone forestry, growth and yield figures are
usually developed for every tree species. Such an approach is often highly impractical in
tropical forestry because of the broad diversity of tree species. Instead, species are typically
grouped for growth and yield estimation. In addition, only a fraction of these species are
currently known to the forest products market. Thus, the commercial value of stands caicu-
lated on the basis of timber products derived from known species tends to be low as the
number of harvestable trees per unit area is rather small.

b) Socio-economic characteristics

The socio-economic context, both at the nationat and the local levels, is characterized by
poverty. As such, forest products are used to meet urgent needs, and forest management is
conducted primarily on the basis of short-term objectives. Willan (1989) described the uses of
forest products to which such objectives lead.

i} At a national Ievel forest products are used as:

» ameans of substituting imports and saving foreign currency,

* a means of earing foreign currency,

s 2 vehicle to promote development and raise national income.

i) At the local level the forest is used to provide:

¢ land on which to grow food and cash crops,

* fuelwood, and roundwood and sawnwood for building,

* non-wood forest products such as food, rattan, medicine, vines, barks etc...;
e material for the local culture.

In addition to these uses, the forestry sector is also often seen as one of the most important
sources of income for the government budget. The pressure created on the tropical forest by
all these needs is often aggravated by increasing population figures, political instability and
the poor quality of related government institutions.

In the direct utilization of tropical moist forests there are three principal players which often

have apparently conflicting interests (FAQ, 1993).

1. The government seeks to meet the peeple's needs in a general context characterized by:
worsening terms of trade (decreasing export prices and raising import costs); tremendous
debt burden; technical, financial and institutional shortcomings with respect to effective
forest management. In the role of defender of the public interest, the government is also
charged with the enforcement of laws governing forestry practices, often leading to
restricting the activities of others in the interest of conservation.

2. Logging companies pursue profit by extracting timber. They suppiy forest products for
local, national and international markets where there is an increasing demand for forest
products. As has been done throughout history, they expleit a natural resource in the
interest of human development (Gregersen ef al., 1990; FAQ, 1993a).
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3. The local population relies on forest land for food production and cash crops. They also
use many wood and non-wood forest products for needs such as shelter, tools, medicine
and food.

The preceding paragraphs demonstrate that in tropical forest management conservation is as
important as production for the wellbeing of the people. Apparently, three p-words give the
bulk of management objectives in tropical forestry, Production and Protection for the
People.

¢) The international context.

In addition to the physical, ecological and socio-economic characteristics mentioned above,
the management of the tropical moist forest is also much influenced by the overall
international context. This international scene is characterized by legitimate concerns about
deforestation and its negative consequences on biological diversity (Botkin and Talbot, 1992)
and the global ecological environment (Woodwell, 1992) at one hand, and a hostile economic
enviranment for developing countries (FAQ, 1993¢) at the other hand.

Concems for the needs for a belter quality of the ecological environment and the preservation
of biological diversity have led the donor community of developed countries, under pressure
from their public opinions, to link aid for development with national strategies for a
sustainable management of tropical forests (Poore, 1991). Unfortunately, these legitimate
concerns have sometimes been transformed to more emotional campaigns. Some ecologists
advocates have portrayed in a very simplistic and counter-productive way the "complex issue
of forest depletion as a struggle between the good forces of conservation and the evil of short-
sighted greed and recklessness” (FAQ, 1993). Hamilton (1990) has listed some misleading
expressions and statements often used about some issues in tropical forestry. Part of this has
resulted in suggestions of extreme measures such as boycott of tropical timber by many
organizations (Goodland, 1990) claiming to be defenders of the ecological environment. The
opinion of many authors is that such measures may be of little help or even harmful in the
fight against deforestation. For example, Jageis (1990) thinks that the blame about
deforestation should not be put totally on the timber firms and Rowe er al. (1992) have
identified agricultural expansion as being the major direct cause of deforestation and
subsistence farmers in developing countries as being responsible for more than 60% of the
loss of tropical forest annually. Other causes include overgrazing, fuelwood gathering,
infrastructure and industrial development and obviously commercial logging. Hamilton
(1990) expressed the opinion that, pointing logging as a major cause of loss of tropical forests
"is not a general truth, moreover it diverts attention from the real causes and therefore from
the solutions™.

All this suggests that the fight against deforestation needs a rather global approach which
focuses not only on the utilization of the forest for timber production, but also on forest as a
land base for agricultural production and any other form of forest utilization. The basic force
behind forest depletion is certainly the search by inhabitants and governments of developing
countries to improve the living standards and this is done through the utilization of available
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natural resources which has always been the case in any part of the world. The challenge is to
shift from forest resources depletion to sustainable utilization, and this will require that the
interests of all actors interested in the management of tropical forests be taken into consider-
ation.

2.2.3 The management of tropical forests: technologies, problems, constraints and prospects

a) Technologies available for tropical forest management

During the course of this century, there have been numerous attempts with vanable success to
develop appropriate technologies for the management of both artificial plantations and natural
tropical forests.

There have been many trials for artificial full forest plantations throughout the tropical zone
for many decades now. Some of the most successful are planted with tropical pine species
(CTFT, 1966), Eucalyptus (FAO, 1976) and some tropical hardwood species such as teak
(Mathur, 1973; de Maerschalk, 1973) and Gmelina arborea. Less successful results have been
obtained with other hardwood species, some of which are nonetheless still considered to be
promising. Some have even seen plantation forestry as the only realistic direction for
sustainable forest management in the tropics (Office of Technology Assessment, 1984). How-
ever important tropical forest plantations may be for supplying people with needed wood
products, they are less appropriate for the conservation of biological diversity (Leslie, 1987).
They do not provide the same products as the natural forests and thus cannot replace them.
Some forest economists value tree plantations over natural forests (Richardson, 1970; Spears,
1979), basically because they do not recognize the value of external effects (e.g. watershed
protection, wildlife habitat, non-wood forest products, biological diversity) in their analyses.
Once the external effects are internalized, it becomes evident that "...the financial returns to
natural tropical forest management are much better than generally recognized” (Sedjo, 1992).

As a result of the research efforts enumerated above, the necessary minimum of knowledge
and techniques are available to commence sustainable forest management of artificial
plantations anywhere in the world; although more research is needed both in general and on a
case by case basis.

As concerns the management of natural forests, the current state of technology is less
auspicious. Most research efforts in this field have concentrated on the development of
silvicultural technigues (Mergen and Vincent, 1987). The most promising techniques include:
in tropical Asia, the modified versions of the Malayan Uniform System (MUS} and the
Selective Management System (SMS) both developed in Malaysia (Hon Tat Tang, 1987); in
tropical Africa, the work done in Ghana since the 1950's and modified more recently
(Asabere, 1987) and the SODEFOR trals in Coéte d'Tvoire (Maitre, 1986), in tropical
America, the CELOS silvicultural system developed in Surinam (de Graaf, 1986).

These silvicullural systems are mostly based on operations such as inventory of standing
stock, selective logging, climber cutting and additional removal of the canopy. Sometimes






