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FOREWORD

In accordance with their mandate and the recommendations of the statutory bodies, FAO
and UNEP have undertaken to reassess the present situation and current development of the
forest resources throughout the tropical world, within the framework of the Global Environ-

ment Monitoring System (GEMS). The FAO/UNEP Tropical Forest Resources Assessment Project,
signed on 8 November 1978 by both organizations, started on | December 1978 and was complet-
ed in June 1981. The findings of this important survey are presented in four technical

reports. The first three reports deal with the tropical areas of America, Africa, and
Asia respectively; each report consists of a regional synthesis (in Spanish for the Latin
American area, in French and English for Africa, and in English for Asia), together with a
collection of monographs, country by country, in the official language used for communica-
tion between each country and FAO. This fourth report collates all the findings obtained
in one overall synthesis for the tropical world.

This survey has consisted essentially of the organization, interpretation, and treat-
ment, country by country, of the vast mass of data collected, within a single simple frame-
work of classifications and concepts. In 13 of the 76 countries surveyed, an interpreta-
tion of satellite images has provided a certain amount of additional area data which have
been combined with information supplied from other sources. A dialogue has been establish-
ed between FAO and the forestry departments of the countries concerned, inviting them in
particular to look over the first draft of the assessment. In three countries (Peru,

India and Burma) the major part of the work has been carried out directly by national insti=-
tutions of each country.

The following overall data give an initial coverage of the present situation and of
the development of tropical forestry resources., The 76 countries surveyed cover a total
area of 4 814 million hectares, that is more than 977 of the total area of the countries
which for the most part lie in the belt between the tropics or which are subject to a
tropical monsoon climate. In 1980 this total area comprised approximately 1 200 million
hectares of closed forest (977 broadleaved) and 735 million hectares of open tree formationms,
which are essentially mixed broadleaved forest - grassland tree formations. To this must
be added 410 million hectares of "forest fallow" (that is to say, patchworks of various
succession stages of tree formations resulting from clearing by shifting agriculture, in-
cluding corresponding crop areas) and finally 625 million hectares of shrubland, some
altered by agriculture and some not. In 1980, the closed forests which had not yet been
touched by logging covered some 990 million hectares cverall of which a little less than
675 million hectares of productive forest are untouched, 275 million hectares which are
unproductive forests because of stand and terrain characteristics, and finally about 41
million hectares situated inside national parks or equivalent reserves. Approximately 210
million hectares of productive closed forests remain which have been logged over; but only
42 million hectares of this are under intensive management (and more than three quarters of
this area within a single country), whilst the rest (that is to say, nearly 170 million
hectares) are still in a condition of logged-over forest as yet not subjected to regular
management and often destined to be cleared for agricultural use in the near future.

About 4.4 million hectares of productive closed forest not hitherto touched (or 0.65% of the
total area) are opened up each year to logging; as a rule this process is much more selec-
tive in America and in Africa than in Asia, where forests contain a high proportion of

marketable timber.

About 7.5 million hectares of closed forest and 3.8 million hectares of open tree
formations are cleared each year in order to allow the land to be used for other purposes,
usually agricultural. About 45% of such reduction, as far as closed forests are concerned,
can be ascribed to shifting cultivation. But to this process of deforestation sensu
stricto must be added the numerous kinds of degradation of the woody component of the open
tree formations, generally resulting from overexploitation (mainly for fuelwood), overgraz-
ing, and repeated burning. The damage caused by thesg traditional practices, which are now



becoming excessive by reason of population pressure and lack of proper management, either
remains constant or is even increasing generally, thus causing a gradual loss of productivity
and an irreversible degradation of the other segments of the ecosystems (notably the soil).

The creation of new resources by forest plantation establishment is far from making up
for the losses caused by clearing or by the degradation of natural forest ecosystems, both
in area and growing stock. At the end of 1980, there were altogether about 11.5 million
hectares of industrial and non-industrial plantations in the 76 countries surveyed, and this
area is increasing at an annual rate of 1,1 million hectares. Although this rate has greatly
accelerated over the last ten years and should continue to increase, the ratio between areas
planted and areas of closed or open forests cleared each year remains at | to 10.

Obviously all these global figures comprise situations which differ radically from
region to region, from country to country, or even from province to province within any one
country. Whole sub-regions, such as West Africa and the Indian sub-continent, as well as
many mountainous areas, have lost a great deal of their forest cover which is already in-
sufficient to sustain the level of goods and services required for the satisfaction of the
needs of the people concerned. On the other hand several other countries and indeed entire
sub-regions (such as Central Africa) are for the moment far from reaching this critical

point.

This work has been conceived and carried out by the project coordinator, Mr. J.P. Lanly,
assisted by the following experts (in alphabetical order): Messrs. S. Andel, J. Clément, P.
Coppin, R. Fontaine, M. Gillis, J. Guellec, Y.S. Rao, R.M. Saxena, K.D. Singh and A. van der
Zon. The forest resources situation in three tropical countries has been analysed directly
by experts from the relevant national organizations: in Peru by Mr. J. Dancé Caballero
from the "Departamento de Manejo Forestal" in the University of Molina and by Mr. W. QOjeda
Ojeda from the General Bureau of Forests and Wildlife; in India by Messrs. C.L. Bhatia,
R.M. Saxena and J.P. Aggarwal from the '"Preinvestment Survey of Forest Resources" Institute
(Dehra Dun), and in Burma by Mr. Shwe Kyaw of the Burmese Forest Department. The many
other experts and institutions which kindly collaborated are hereby most gratefully acknow-
ledged, and their names listed on the following pages.

We regard this study as both timely and useful, as it presents certain essential data
on which to base programmes for the conservation, development and wise utilization of tropi-
cal forest resources. It is proposed to revise these initial data over the years to come
and to bring them up to date, in order to keep governments and the international community
correctly informed on the state of tropical forest resources and their evolution at any

given time.

M.A. Flores Rodas
i8TINt Director-General
Forestry Department
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Chagter I

INTRODUCTION
I. BACKGROUND

The important depletion and degradation of forest cover in tropical zones is having
serious effects on the production of forest goods and services and calls more than ever for
forest resources monitoring programmes at national, regional and global levels. At national
level responsibility rests with the countries themselves, while at regional and global levels
specialised international organizations have to take the initiative so that governments and
the international community can be made aware of the trends affecting the world's forests.

For this reason, at the end of 1978, following the recommendation of the Stockholm Conference,
FAO and UNEP undertook a joint programme of forest resources assessment within the framework
of the Global Environment Monitoring System (GEMS).

In accordance with its mandate FAO has carried out forest resources assessments at
regional and global levels for more than 30 years, publishing the results of its first global
survey in 1948. Following this, the 6th FAO Conference (1951) stipulated that this organi-
zation should collect and publish information available on the world's forest resources at
5-year intervals. The three versions of the World Forest Inventory were subsequently pub-
lished for the years 1953, 1958 and 1963, from the compilation of questionnaires filled in
by national forestry institutions. For various reasons, related mainly to the diversity of
concepts and classifications used by the various countries, the general lack of reliability
of the statistics provided and to the fact that these were not always up to date, this
approach was replaced by the preparation of regional assessments from documents collected 1/
for this purpose. Two of these, entitled '"Forest Resources of Africa" by R. Persson (1975)=
and "Forest Resources in the Asia and Far East" (1976), are related to tropical regions.

On the occasion of the 4th session of the FAO Committee on Forest Development in the Tropics
(1976) an "assessment of the world's tropical forests' was attempted by A. Sommer and pub-
lished in the double issue no. 112-113 (volume 28) of Unasylva (1976). More recently for
the needs of a world timber trend study, FAO undertook a quick reassessment of the situation
and likely trends of forest resources of most developing countries (almost all tropical).

A part of the results of this study was published in the document "Present and Future Forest
“and Plantation Areas in the Tropics'" by J.P. Lanly and J. Clement (1979).

As far as we know, there does not appear to be systematic studies on tropical forest
resources at regional or global levels other than those carried out by FAO. The
"Weltforstatlas" published by the Federal Forest Research Institute of Reinbek (F.R.G.) rep-
resents an important cartographic work but does not reflect the present situation of the
tropical forest cover, as it was published for the most part between 1955 and 1972.
Publications of regional and global maps do exist, such as Hueck's phytogeographic map for
South America and the maps made under the auspices of Unesco for South America (by the
"Institut de la Carte Internationale du Tapis V&gétal" - Toulouse) and for Africa South of
Sahara (by Professor F. White = Oxford). Global estimates have been attempted here and
there, to support theories or opinions on various subjects (deforestation, global carbon
budget, energy sources) but these are generally too superficial, being based on insufficient
documentation and questionable extrapolation. It is worth noting, however, that a recent
study by N. Myers entitled "Conversion of Tropical Moist Forests™ published in 1980 by the
National Academy of Science of the United States is the first, to our knowledge, to review
the problem of deforestation in 48 tropical countries. But this document is mainly con-
cerned with moist forests and does not make a systematic quantitative assessment of their

present situation.

1/ Although published outside FAO, this study was initiated and partly carried out in the
FAO Foresty Department.



Each of the three recent less "hasty" studies on the forest resources in the tropics,
i.e. those of Sommer, Lanly and Clement, and Myers, do not cover the subject in full, The
first and the third are only concerned with moist forests (the first of them at the regional
and sub-regional levels), while the second, although it analyzes the situation on a country
by country basis, mainly focuses on natural woody formations and plantations producing tim-
ber for industry. The present project consists of detailed analysis, country by country,
of the situation and trends of all natural and planted woody formations, and should, there~
fore, fill in the more important gaps in the preceding studies and create a sufficiently solid
basis of uniform data which can then be updated and improved continuously. One would hope,
therefore, that the data herein will serve in the future as points of reference in the many
debates and reports on the regression and degradation of tropical forests and make it possi-
ble to put an end to confusion and misunderstandings that have surrounded this subject up to
now.

2. OBJECTIVES OF THE STUDY

The objectives described in the project document (drawn up in English) signed by FAQ
and UNEP are the following:

- long-term objectives: to assist the world community to formulate appropriate meas-
ures to avoid the potentially disastrous effects of the depletion and degradation
of tropical forest cover. It relates to programme goals D (assessment of the
critical problems arising from agriculture and land use) and E (assessment of the
response of terrestrial ecosystems to environmental stress) assigned to the Global
Environmental Monitoring System by the 1974 Intergovernmental meeting. Tropical
forest cover monitoring activities have already been initiated by UNEP in cooperation
with FAO;

- immediate objectives:

(a) to assess, at regional and global levels, the present state of closed tropical
forests and woodlands and the rate and pattern of their depletion and degrada-
tion, as a prerequisite for the definition and implementation of the appropriate-.
measures referred to in the long-term objectives;

(b} to determine the methodology and the means needed for the continuous updating
of this first assessment.

The first short-term objective has been achieved through a detailed analysis, country
by country, the methodology of which is described in chapter II. The study covers completely
the 75 larger countries of tropical America, Africa and Asia, to which has been added Papua
New Guinea that is generally included under Oceania. Each of these three regions has been
the subject of a separate technical report, consisting of two sections, i.e. a regional sum-
mary in the main language or languages of communication most widely used (Spanish for tropi-
cal America, English and French for tropical Africa and English for tropical Asia), and a
collection of summaries, country by country, describing in more detail the situation and
evolution of forest resources at the national level (written in the country's official 1an-
guage of communication with FAQ). To the three regional reports there is added a summary on
the situation of forestry resources for the tropical world as a whole and this is given in
chapter I1I of this report.

Conclusions on the follow-up of this study and the main results are summarized in
chapter IV. There are two appendices, one giving a sketch for the possible computerization
of the results and the other gives a list of the statistical and cartographic syntheses that
exist at both the regional and global levels.



3. PROJECT ACTIVITIES

3.1 Preliminary phase

The work started with a preliminary phase for the definition of the methodology and the
general programming of the activities during the few months preceding the official starting
date of the project (lst December 1978). At the end of 1978 its main methodological features
and general planning had been defined. This preparatory phase was made easier thanks to the
experience gained during a study on forest resources of developing countries,carried out in
1978 under the responsibility of the coordinator of this project and already mentioned in
section 1.  This first study was most useful in many respects:

~ some principles of classification of natural vegetation and forest plantations had
already been defined;

- part of the most useful documentation had already been selected and studied;

~ a first estimate of areas of forests and industrial plantations as well as the order
of magnitude of changes to the same (deforestation and afforestation) were already
available along with an indication of levels of production and productive potential
in terms of industrial wood;

~ this study had allowed the classification of countries with respect to the reliabil=-
ity and completeness of available information on forest resources. This was partic-
ularly useful for planning project activities and facilitated the selection of count-
ries where an interpretation of satellite imagery would be needed.

3.2 Working phases

(a) Four main working phases can be singled out for each of the three tropical regions,
the work for each of which started at three month intervals in the following chronological
order: America, Africa and Asia. The three working programmes have overlapped over almost
the whole period of the project which ended in July 1981 with the drafting of this final

report,
(i) Data collection phase, including the following activities:

-~ wvisits to some research institutes in Europe, in particular those specialized
in the study and mapping of vegetation;

~ wvisits to national forestry, landuse and survey institutions in some of the
major forestry countries in each region, as well as to the regional offices of

FAO;

- selection and ordering of satellite imagery for the interpretation of the vege-
tation cover for the 13 countries for which the information collected was
either clearly insufficient or else contradictory (6 entire countries in tropi-
cal America, 2 entire countries in tropical Africa and 5 countries in tropical
Asia including two in their entirety);

- initiation of correspondence with the forestry services of nearly all the 76
countries concerned plus a certain number of smaller countries or territories
(the islands and archipelagos of Oceania in particular, which in the end have
not been included in this study because of lack of means). This correspondence
began with a request to the forestry institutions to transmit recent information
and documentation on a certain number of points, in particular: the current sit-
uation and evolution of areas with natural woody formations and forestry planta-
tions, the growing stock by forest type and the different forms of forest



exploitation. This information and documentation were then classified with
those coming from other sources (particularly numerous FAO reports and satellite
imagery) for interpretation by project personnel. More than half the 76 coun-
tries replied by sending in data and documentation;

drafting of contracts in the case of the three countries (Burma, India and Peru)
where a national forestry institute had been put in direct charge of the work
following the same methodology and the same norms as those established for all
the other countries concerned,

(ii) Interpretation and compilation phase for the information collected, including the
following:

(iii)

(iv)

visual interpretation of satellite imagery on the countries selected for this,
in order to correct the area estimates by broad categories of vegetation and
land use;

qualitative and quantitative assessment (by project personnel) of the present
situation and trends of forest resources, country by country, from all the data
collected (as well as the results of the interpretation of the satellite imagery)
following a uniform approach and using the same concepts and classifications

for the 73 countries being studied (the 76 countries less those three which

were the subject of a contract). This phase of the work concluded with the
first draft of a brief for each country;

the execution of the three contracts for Burma, India and Peru. The final
reports of these studies were presented under the form of briefs for each
country similar to those drawn up for the 73 countries directly studied by the
project personnel,

Checking of the first results by the national forestry institutions: the first
drafts of the briefs on forest resources were sent to the forestry institutions of
the respective countries in order to obtain their comments.

Drafting of the final reports for the three regions (technical reports 1, 2 and 3),
each of which includes:

the final version of the country briefs reflecting the comments obtained
(second part of each of the three regional reports);

recapitulation at regional level of all final results;

regional synthesis (chapter III of the first part of each of the three regional
reports).

(b) For the three regions as a whole, the present synthesis report was prepared to

summarize the overall results and to give indications on the possible follow-up of the study
and the computerization of the results.

(c) 1In total, the entire study, which took place over a period of about 32 months

(December 1978/July 1981) required 83 months of work by professional staff (i.e. about 7
man/years) distributed as follows:



(man/months)
Category of professional Tropical Tropical ~ Tropical Overall Total
staff America Africa Asia Summary
- Coordinator and experts 19,5 21 8 1.5 50
assigned to the project (3)
~ Forestry experts from the 3.5 1.5 5
FAO regular programme (2)
- Consultants in assessment of 5 5 10
forest resources (5)
- Consultant in remote sensing 3.5 2 1,5 7
(n
- National experts under the 2 9 11
contracts (estimate)
Total 25 28 27 3 83

o0000o000000000000000




Chagter I1

METHODOLOGY

1. INTRODUCTION

A fundamental precept in the formulation of the methodology for this study has been that
qualitative and quantitative information on tropical forest resources and their evolution
exist and that they are abundant, scattered and extremely diverse. Each of these qualifi-
cations requires consideration. The first one may appear paradoxical. In fact all those
who would like to have available a comprehensive and coherent collection of information on
the current situation and trends in tropical forest resources complain, quite rightly, that
such a comprehensive collection does not exist, It is true that the great mass of existing
information has not been interpreted and "organized" at the national level in many tropical
countries. Even when national syntheses do exist, it is not possible to regroup them to-
gether because the classifications and the concepts used differ from one country to another.
So, overall and regional assessments are both very imprecise and not very uniform.

In an era where speed is of the essence, people who use information are in a hurry and
they either do not take, or else they have not got, the time needed to collect and interpret
the mass of information available. In their defense it should be said that this work of
organization and interpretation of existing information is long, boring and in any case,
much less stimulating than the work involved in juggling with models and other intellectual
games... that, unfortunately, very often involve the use of doubtful data. We can also say
in their defense that for some time now the world's press has taken up the problem of the
reduction and degradation of tropical forests and some confusion has developed particularly
as regards the concepts and the entities in discussion. Are we talking of tropical countries
or developing countries? Of closed tropical forests or of all tropical tree and/or shrub
formations? Are we talking only of moist tropical forests or of all tropical forests?

When we speak of the depletion in the tropical forests, are we talking about a reduction of
forest areas or only of a reduction in the growing stock through logging, which, (is it nec~
essary to repeat?) is an integral part of forest management and development. There has
been a lot of debate in recent years on the problems of tropical forest resources without,
however, there being any attempt to organize the existing information nor to introduce some
clarity in the concepts being utilized.

The main reason why these data are difficult to obtain relates to the second aspect
mentioned above, that is to say, their dispersion. There are data not only in national
and international forestry organlzatlons but also in many small and large organlzatlons such
as survey institutes (and remote senslng centres), agricultural statistics services, coloni-
zation and land use institutes, universities and research organizations in the countries
concerned or in developed countries (research studies and academic theses), consulting firms,
etc.. In this respect it is worth mentioning in particular the many thematic mapping
studies carried out at regional, national and provincial levels which multiplied during the
seventies thanks to the use of remote sensing techniques (Landsat satellite and side-looking

airborne radar imagery, very small scale aerial photographs). 1In the framework of this
project, a certain number of institutions were visited and discussions and correspondence
took place with many specialists. It has not been possible, of course, to vigit or contact

the very large number of national institutions which could have been in a position to provide
some useful information, in order to resolve contradictions in the available data, and
correct erroneous interpretations found in the documents. It is 1mportant however, to
underline the fact that a large part of the project activities consisted in collectlng as
much as possible of the relevant data scattered around the world,

A third characteristic of this mass of data is its diversity when seen from at least
three different angles:



- with regard to the subject matter, which is often not restricted to forestry alone:
data concerning deforestation are mainly of a socio-economic character (e.g. distri-
bution and growth of the agricultural population, types and patterns of cultivation,
internal population migrations, fiscal and other incentives for forest clearing,
colonization programmes, development of infrastructures and improvement of accessi-
bility, etc.). Phytogeographic and ecological information and maps are also of
essential importance to classify forests according to their production potential,
Laws and regulations in the field of nature conservation indicate the forest areas
unproductive for legal reasons, etc.;

- with regard to the level or scale of information: it is easier to bring to light
forest resource data when forest inventories, reconnaissance surveys and maps have
been carried out at a national or sub-national level., A large amount of informa-
tion, however, can be found in studies at lower levels (provinces, districts, in-
vestment areas, watersheds). Although, in many cases, a simple quantitative extra-
polation is not feasible, these data are always useful to check corresponding
information at national level, to compare situations from one country to another or,
at least, provide examples to illustrate particular situations and issues (deforest-
ation, degradation, survival and success of plantations, etc.). These local
studies are the most numerous and contain the largest amount of useful information.
However, it is very often difficult to obtain these local studies because they have
been published in a very small number of copies and are not quoted in most biblio-
graphies (university theses, for instance), or because they are not known to foresters
since they do not deal with forestry matters (e.g. studies in sociology, population,
agriculture, etc.);

- lastly, with regard to the reliability and accuracy of data: all documents on forest
resources are obviously of different value and there are many crude assessments and
dangerous extrapolations which must be considered with caution, It is not unusual
for documents to take up obsolete information that has never been updated thus dis-
regarding changes which have occurred in the meantime. It is of the most importance
to detect these deficiencies in the data through checks against other sources.

This study has consisted mainly in the selection, organization, interpretation and
processing of this dispersed, abundant and heterogeneous information using a single frame-
work of classifications and concepts for the 76 tropical countries studied (see section 2).
However, in certain countries, reliable base~line data on the areas of woody vegetation
which could have been used for subsequent up-dating, did not exist at the national level.

In other countries the project was confronted with two or more sets of area information
which could not be matched. In these cases it was decided to interpret available satellite
imagery (for the years 1972 to 1978) to check and possibly correct basic data on areas
obtained in a first phase (see section 3). For all countries, it has been necessary to
update the information at the end of 1980 on the basis of trends observed in recent years
and to forecast the situation at the end of 1985 by projecting these trends over a period of

five years (see section 4).

2, CONCEPTS AND CLASSIFICATIONS

The value and usefulness of any forest resources assessment study depends, to a large
part, on the concepts and classifications used. In the framework of this study these will
not only have to have certain general characteristics, (confoFm with th objectiyes of the
study, be adapted to the type of items surveyed, be defined with precision and without
ambiguity, be matched as closely as possible to the needs of the most important users),
but they must also satisfy the following particular conditions:

- be compatible with the concepts and classifications already in use in the tropical
world, particularly with those in the FAO World Forest Invemtory reports for purposes

of comparison and consistency;



- apply uniformly to the three main tropical regions in order to obtain a coherent
picture for the tropical world overall.

An attempt has been made to meet all these conditions by adopting the simple forest
concepts and classifications presented and discussed in the following paragraphs.

2.1 Concepts and classification of natural woody vegetation

2.1.1

A large number of systems of tropical vegetation classification already exist,

using various criteria (ecological, physiognomic, physiographic and others) established at
national and regional levels. In this latter category, we can single out the following
classifications for each of the three tropical regions:

~ tropical America:

the Unesco classification ("International Classification and Mapping of Vegetation"
in the collection "Ecology and conservation" - No, 6 - 1973) used for the
"Vegetation Map of South America™ at 1/5 000 000 scale prepared by the "Institut

de la carte internationale du tapis végétal" (Toulouse, France); this classifica-
tion utilizes criteria that are both ecological and physiognomic;

the phytogeographic classification of K. Hueck, used for the map "Mapa de la vege-
tacisn de America del Sur" at 1/8 000 000 scale(in "Los bosques de Sudamérica -
Ecologfa, composicién e importancia econémica' - 1978);

the ecological classification of L.R., Holdridge into "Life zones" which has been
applied to several countries in Central and South America;

~ tropical Africa:

the so-called Yangambi classification, elaborated during a meeting of experts on
phytogeography organized in 1956 under the sponsorship of the Commission for
Technical Cooperation in Africa South of the Sahara: the agreement reached on the
definition of African vegetation types allowed for the preparation of the "Vege-
tation Map of Africa South of the Tropic of Cancer” at 1/10 000 000 scale publish-
ed on behalf of 1'"Association pour 1'Etude Taxonomique de la Flore d'Afrique
Tropicale" with the assistance of Unesco;

the classification designed by Prof. F. White for a second version of this latter
map, prepared for Unesco and which should be published in 1981;

-~ tropical Asia:

the clagsification by Champion of the forest vegetation of the Indian sub-continent,
described in "A Preliminary Survey of the Forest Types of India and Burma' (1935)
and revised in "A Revised Survey of the Forest Types of India" by H.G, Champion

and S.K., Seth (1968);

the classification by C.G.G.J, van Steenis in his "Vegetation Map of Malaysia"
at 1/5 000 000 scale covering Malaysia, Indonesia, the Philippines and Papua-New
Guinea, published in 1958 with the collaboration of Unesco;

the classification of the main forest formations in the tropical Far East by T.C.
Whitmore in his book "Tropical Rain Forests of the Far East' (1975).

To these regional classifications we should also add classifications at the world level
by J. Schmithisen in his "Atlas zur Biogeographie" (1976).



Vegetation classifications at national level are many and they have been used in this
study for the evaluation of forestry resources in those countries where there was a corres-
ponding map. As mentioned already in chapter I, the interpretation of the last ten years
of satellite and radar images has led to a new generation of vegetation maps with their own
classifications. The criteria and categories of the classifications are very different
not only from country to country but even within the same country.

2.1.2 It was finally decided to ensure compatibility between the classification used
in this project and that of Unesco because of the latter's useful characteristics which are
as follows:

- it applies to the whole world while the majority of others only apply to one regiom;

- it is probably the first collective and international attempt at a global vegetation
classification (while each of the others has been elaborated by a single specialist
or a national institute);

- it contains a certain number of most important distinctions for forest resources
management, such as: separation between tree and shrub formations, separation be-
tween more or less closed tree formations on the one hand and grasslands with a tree
synusia on the other. This latter distinction is essential in tropical countries
since mixed forest-grassland formations, unlike closed forests, play a most important
role in grazing and are more prone to fires,

2.1.3 In addition to the distinctions mentioned above (tree/shrub and closed forest/
mixed forest-grassland formation), there are other essential classification criteria for
woody vegetation areas, both from the productive and environmental viewpoints, such as:

- distinction between predominantly broadleaved forests and predominantly coniferous
forests;

- separation between forests that have not been disturbed recently (virgin or primary)
and "manipulated” forests: forests clearfelled and later on provisionally abandoned
by shifting cultivation ("forest fallow"), forest degraded by overgrazing and fire,
logged over forests;

- distinction between productive and unproductive forests using the criterion of
production of wood for industry, and geparation of unproductive forests into those
which are unproductive for physical reasons and those which are so for legal reasons
(national parks, integral reserves, biosphere reserves etc.).

The simultaneous application of all these criteria entails a large number of classes.
Some of these classes are not important or else cannot be identified from interpreted
documents and images and, in the latter case, the corresponding areas and-characteristics
cannot be estimated. The classification which has been finally adopted is limited to the

most useful categories.

The following diagram shows the classification used and the corresponding criteria.
The clagsification and the different criteria finally retained are described in detail

hereinbelow.

2.1.4 Classification of natural woody vegetation (N/n)

The only vegetation types which are considered are those for wh%ch woody element§ cover
more than 10% of the ground. Though it is often dlfflCUl? if not impossible to estlmate.
this percentage from the descriptions and this percentage is mot always used in the classi~
fications, it has been selected as the limit between the types in whlch'the‘woody.elements
constitute actually a comnmunity and those where they are scatte;ed or (in lines) in land-
scapes with a non-woody vegetation or without any other vegetation.
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The word "woody" is used although the trees of some monocotyledons do not contain
"wood" in the usual meaning of the word.

The adjective 'matural" is used only in relation with plantations which can be consid-
ered as a purely artificial vegetation (see below section 2.2). It is not synonymous of
"primary" and does not mean at all that there is no human or, more generally, biotic
interference. On the contrary, a significant proportion varying with countries of
"natural vegetation" corresponds indeed to degradation stages (after fires, clearings by
shifting cultivation, overexploitation for wood, grazing) or reconstitution stages after
degradation, or to forests disturbed by logging, with or without management.

- N stands for any vegetation type of which the dominant woody element is the tree,
The definition of a tree is the one given by the book "Terminology of Forest Science,
Technology, Practice and Products", viz. "a woody perennial plant typically large and with
a single well defined stem carrying a more or less definite crown" (height more than 7
metres for mature trees).

- n corresponds to any vegetation type]yhe main woody elements of which are shrubs of
more than 50 cm and less than 7 metres high-'.

- NH corresponds to types with predominance of trees of broadleaved species (angio-
sperms) dicotyledons or monocotyledons (e.g. palms, raphias). Predominance is character-~
ised by a proportion of more than 507 of the crown cover.

- NS corresponds to types with predominance of trees of coniferous species (gymnosperms).
Coniferous species for instance of genus Podocarpus are often present in mixed tropical
forests of medium and high mountains, without being predominant. As a result no signifi-
cant forest area has been classified as NS in some countries in spite of the occurrence of

coniferous species.

- NHC stands for closed broadleaved forests, i.e. those which, when not recently
cleared by shifting agriculture or heavily exploited, cover with their various storeys and
undergrowth, a high proportion of the ground and do not have a continuous dense grass layer
allowing grazing and spreading of fires. They are often, but not always, multistoreyed,
They may be evergreen, semi-deciduous or deciduous, wet, moist or dry.

- NHB stands for bamboo formations.

-~ NHe/NHO corresponds to mixed broadleaved forest-grassland tree formations with a
continuous dense grass layer in which the tree synusia cover more than 107 (e.g. various
forms of "cerrado" and "chaco' in America, tree and wooded savannas and woodlands in
Africa). This division between closed forests and mixed formations is more of ecological
than physiognomic type and is not characterized necessarily by a crown cover percentage,
since, for instance, trees of some woodlands cover the ground completely like closed
forests.

A similar distinction has not been introduced for predominantly coniferous forests
(NS) since it has not the same ecological importance and is difficult, if not impossible,
to use,

- NHCf (or NSf) corresponds to stands of closed broadleaved forest (or conifarous
forest) which have not been cleared (for agriculture mainly) in a recent past (i.e. during
the last 20 to 30 years). These forests are either managed or unmanaged forests, primary
or in an advanced stage of reconstitution after having been cleared at least 60 to-80 years
ago (old secondary forests) or secondary (but of more than 20 to 30 years). These forests
may have been logged-over once or more times, having kept their characteristics of forest
stands, possibly with modified gtructure and composition through in particular impoverish-
ment in timber species (logging is accounted for in a subdivigion of this category ~ see
below) .

l? These limits must be interpreted with flexibility, particularly the minimum tree height.
T 7 {and maximum shrud height) which may vary between 5 and 8 metres spproximataely.
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- NHCa (or NSa), or "forest fallow", stands for all complexes of woody vegetation
deriving from the clearing by shifting cultivation of closed broadleaved forests (or coni-
ferous forests) and constituted by a mosaic of various reconstitution facies (''secondary
bush", "young secondary forests', stands of Musanga or Cecropia, "secondary growth"),
Patches of uncleared forest and of agricultural fields are generally included in those
areas as it is impossible to account for them separately within the shifting cultivation
areas (in particular in the visual interpretation of satellite imagery). When site con-
ditions are unfavourable (e.g. broken terrain) or when the fallow period is reduced to a
very short period, clearing by agriculture leads to such a degradation of the site that the
reconstitution of the forest is not possible within a foreseeable future; the resulting de-
graded vegetation is not included in the NHCa (or NSa) category but in shrub formations (n)
or outside woody vegetation.

- NHCf! (or NSfl) are "productive" closed broadleaved forests (or coniferous forests),
managed or not: thelr characteristics, those of the terrain and the present regulations
allow (or might allow) for the production of wood for industry (sawlogs and veneerlogs,
pulpwood, pitprops and other industrial poles). Their distance to consumption or export
centres is not taken into account, i.e. this category may include economically inaccessible
forests.

- NHCf2 (or NSf2) include "unproductive" closed broadleaved forests (or coniferous
forests). They are subdivided in:

- NHCf2i (or NSf2i) which are unproductive for physical reasons, i.e.:

- those which cannot produce wood for industry because of their character-
istics (forests with stunted and crooked trees, or made of monocotyledon
species such as palm or raphia stands);

-~ those which are inoperable because of terrain conditions (terrain too
rough or permanently inundated);

- NHCf2r (or NSf2r) which are unproductive for legal reasons, i.e. in which
logging is prohibited by law or other regulations (e.g. national parks, integ-
ral reserves, biosphere reserves etc.).

When forests belong to both categories NHCf2i (or NSf2i) and NHCf2r (or NSf2r) at the
same time, their areas are accounted for only in the latter one.

-~ Whenever possible, similar divisions are made within the mixed broadleaved forest -
grassland formations category, between productive (NHc/NHO!) and unproductive types
(NHc/NHO2) and, within the latter category, between those (NHc/NHO2i) which are unproductive
for physical reasons (stand and terrain characteristics) and those (NHc/NHO2r) which are
unproductive for legal reasons (e.g. included in national parks). 40% of forest cover can
be considered as an indicative limit between productive mixed broadleaved tree formations
(NHc/NHO1) and those that are unproductive because of stand characteristics (part of NHc/
NHO2i). This limit is used in the Unesco classification to separate 'woodlands" or "open
stands of trees" from grasslands with tree synusia.

- Mixed broadleaved forest ~ grassland formations in the various reconstitution stages
after clearing by agriculture are indicated by the symbol (NHc/NHQa). Areas indicated for
this category, when their estimation has been possible, include also agricultural fields
and patches of untouched formations (as for NHCa category) because of difficulty in separ-
ating them from the rest of the secondary vegetation,

- NHCfIm (or NSfim) are productive closed broadleaved forests (or coniferous forests)
intensively managed. The concept of intensive management is used here in a restricted
way and implies not only the strict and controlled application of harvesting regulations
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but also silvicultural treatments and protection against fires and diseases. These forests
constitute the part of the permanent productive forest estate in a given country to which
the concept of "annual allowable cut" can be meaningfully applied.

- NHCflu (or NSflu) stands for the productive closed broadleaved forests (or coniferous
forests) other than those intensively managed. They are separated in two groups:

- NHCfluv (or NSfluv) are the unmanaged productive closed broadleaved forests
(or coniferous forests) undisturbed (or "virgin"), i.e. primary forests or
old secondary forests where there has been no logging for the last 60 to 80
years;

- NHCfluc (or NSfluc) are those which have been logged-over once or more times
during the last 60 to 80 years (the very large majority of the remaining omes
have been exploited in fact in the last 30 years or so).

- n stands for vegetation types, the main woody elements of which are shrubs (thickets,
shrub savannas). In most cases no subdivision has been introduced within these categories
for lack of precise information. This category includes shrub formations which have been
altered by agriculture.

A summarized definition of the various classes with their corresponding symbols, as
used in the presentation of results, is given below (in the order they appear in the tables
of area statistics):

- NHCfluv: undisturbed productive closed broadleaved forests not (intensively) managed;
- NHCfluc: logged-over productive closed broadleaved forests not (intensively) managed;
- NHCflu : productive closed broadleaved forests not (intensively) managed;

- NHCfIm : (intensively) managed productive closed broadleaved forests;

- NHCfI productive closed broadleaved forests;

- NHCf2i : closed broadleaved forests unproductive for physical reasons (stand and
terrain characteristics);

~ NHCf2r : closed broadleaved forests unproductive for legal reasons;
- NHCf2 : unproductive closed broadleaved forests;

- NHCf : closed broadleaved forests;

- NHCa . forest fallow (of closed broadleaved forests).

- Equivalent categories of coniferous, bamboo and closed forest have similar symbols
in which NHC is replaced by NS, NHB and N respectively.

- NHc/NHO!: productive mixed broadleaved forest-grassland tree formations;

NHc/NHO2i: mixed broadleaved forest-grassland tree formations unproductive for
physical reasons (stand and terrain characteristics);

NHc/NHO2r: mixed broadleaved forest-grassland tree formations umproductive for
legal reasons;

~ NHc/NHO2: unproductive mixed broadleaved forest-grassland tree formations;
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- NHc/NHO: mixed broadleaved forest-grassland tree formations;

~ NHc/NHOa: forest fallow (of mixed broadleaved forest-grassland tree formations):
- n: (essentially) shrub formations.

2,1,5 Discussion

As the above clasgsification is very simplified for the purposes of this study at the
world level, it obviously only gives a schematic outline of the situation as regards
woody vegetation cover., Likewise the transfer from one category to another of this
clagsification reproduce rather summarily the processes of progressive evolution
("savannization" of closed forests, degradation of open tree formations, by overexploitation
and overgrazing, into shrub formations, or into formations where the woody cover is below
102, etc.). To these simplifying effects inherent in all classifications, we also have
to add a certain number of difficulties that are briefly analyzed below.

- The difficulty has already been noted of appreciating the minimum percentage of 107%
woody cover by using the descriptions that were submitted. This level of cover is used
in the Unesco classification and also in those of the forest vegetation and land use of
many temperate and tropical countries, and as one of the density limits in the 1963 edition
of the FAO World Forest Inventory, Its adoption, therefore, is not in dispute but it is
also true that one cannot be sure that the estimates of areas given in this study for open
tree formations (NHc/NHO) and some shrub formations (n) conform exactly and uniformly in
all countries,

- The distinction between tree formations (N) and shrub formations (n) is not alwdys
easy, In particular, many open formations are made up of a mosaic of stands where trees
or shrub elements may predominate and the division of their area between tree and shrub
formations can only be approximate. Many vegetation maps frequently use the undifferen-
tiated concept "tree and shrub savannas". Due to the fact that there are in general some
shrub elements in tree formations, and, on the contrary, few, if any, tree elements in shrub
formations, the denomination of shrub formations is completed with the adverb "essentially":
(essentially) shrub formations,

- The distinction between formations with a predominance of trees of broadleaved
species (NH) and those with a predominance of trees of coniferous species (NS) is, in
general, easier to make although there are some transition stands where it may be difficult
to distribute areas. It should be noted, however, that there are small coniferous stands
in certain broadleaved formations that in general have not been accounted for separately,
This is the case, for example, of the patches of Agathis in Kalimantan (Indonesia).

-~ The same holds true for the separation of bamboo stands. Sometimes these form the
undergrowth for stands whose dominant trees are broadleaved and which have, therefore, been
classified as broadleaved formations. When, however, they represent the basic element
of the stands - some of them, as is the case in India, are managed as such - they have been
classified in the category NHB, To the difficulty of separating these two forms of bamboo
occurrence, there are some added problems, i.e, :

- the almost total absence of data on bamboo stands in tropical America, probably
because they are less utilized in thig region as compared to Africa, and Asia
in particular. This has made it impossible to assess the areas of these
formations for America, in spite of the fact that it is known that stands of
significant size exist in certain zones (e.g. in the provinces of Caldas and
valle in Colombia and the coastal zone of Ecuador), Their total area, which
is probably quite small for tropical America as a whole, is likely included
for the most part in that for closed broadleaved forests (NHC);
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-~ the fact that bamboo often constitutes the new growth after clearing for
shifting cultivation in certain areas (e.g. Viet Nam): in these cases there
has been some confusion between bamboo formations (NHB) and broadleaved forest
fallow (NHCa) without there being any possibility to indicate the sign and
size of the error involved;

- finally, the uncertainty on productivity and past logging of bamboo stands
because of the lack of precise information on the subject. The distribution
of formations into "productive" and "unproductive" and between undisturbed
productive formations and logged over formations can therefore only be
approximate in most cases (except for some countries such as India).

- The distinction, that is fundamental on ecological and management grounds, between
closed broadleaved forests (NHC) and mixed tree forest-grassland formations (NHc/NHO) is
generally easy to establish mainly because it is taken into account in maps and inventories.
It sometimes happens, however, that the "savannization' process, in certain particular clim-
atic conditions, causes the occurrence of forest formations that are in transition between
closed dry forests and woodlands (''forét claire') or wooded savannas. This is what is
happening, for example, in Guinea Bissau and it has led the authors of the recent vegetation
map for this country to make a distinction between '"semi-dry' forests with a discontinued
grass layer (classified in this study under NHC) and "dry" forests with a continuous grass
layer similar to woodlands ("forét claire") (and thus classified under NHc/NHO).

- It should not be necessary to insist on the importance of carefully distinguishing
"forest fallow" (NHCa, NHBa, NSa and NHc/NHOa) in relation to forests unaltered by agricul-
ture (NHCf, NHBf, NSf and NHc/NHO) on the one hand, and, on the other hand, in relation to
permanent agriculture and other forms of land use. Although forest fallows are very vari-
able in quality depending on the length of the fallow period, and the characteristics of the
soil and the terrain, they represent an important land reserve which could be used for some
forms of agro-sylviculture management. In any case they have an important conservation
role to play because of their woody cover. It sometiies happens, however, that because
of the lack of sufficient information a certain confusion develops between closed broadleaved
forest fallow (NHCa) and broadleaved shrub formations (nH), or again between the forest
fallow of open tree formations (NHc/NHOa), unproductive open tree formations (NHc/NHO2i)
and broadleaved shrub formations (nH). This last difficulty is particularly rrue in some
African countries where the extreme overlapping of human activities, particularly grazing and
agriculture, has meant that degraded open woodland formations that have long been abandoned
by agriculture have been assimilated as the forest faliow of these same formations.

~ The distinction between closed forests that are unproductive for physical reasons
(NHCf2i, NHBf2i, NSf2i) and productive closed forests is generally not too difficult athough
one cannot always be sure that the limiting characteristics of stand and terrain that dis-
tinguish them are precisely the same for all countries. On the other hand, the estimate of.
forest areas that are unproductive for legal reasons (NHCf2r, NHBf2r, NSf2r, NHc/NHO2r), - i.e.
mainly those forests inside national parks and equivalent reserves - is in most cases
approximate, although the orders of magnitude have been respected. In fact, even though
it is usually true that one can have good qualitative descript%ons ?f the vegetation cover
of each park and reserve, the area of the corresponding formations is rarely given with

precision.

2.2 C(Classification of plantations (P)

1/

2.2.1 The term "plantation" corresponds to:=

- forest stands established artificially by afforestation on land which previously
did not carry forest;

1/ The following definitions were adopted on the occasion of the World Symposium on Man-
~  made Forests and their Industrial Importance (Canberra ~ Australia, 14 - 24 April 1967).
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- forest stands established artificially by reforestation on land which carried out
forest within the previous 50 years or within living memory and involving the re-
placement of the previous crop by a new and essentially different crop.

Plantations in the sense used in this study do not include stands establighed by
artificial regeneration and essentially similar to those they are replacing. These
artificially regenerated forests are part of productive closed broadleaved (or coniferous)
forests (intensively) managed (NHCfIm/NSflm).

A distinction is made between industrial plantations (P..!) established totally or
partly for production of wood for industry (sawlogs and veneer logs, pulpwood, pitprops
mainly) and non-industrial plantations (or "other plantations'") (P..2) established mainly
for one or several of the following objectives:

- production of fuelwood and wood for charcoal (possibly as industrial energy
source) ;

- production of small wood for domestic consumption (in particular rural populations);

- non-wood products (fruits from forest trees, palm hearts, gum arabic, cinnamon
etc.);

- soil protection.

Those tree plantations which are usually outside the competence of foresters are not
accounted for. This is the case in particular of plantations of rubber trees, palm oil
trees, coconut trees, and of the shade tree plantations for agriculture.

A distinction is made between plantations of broadleaved species, or hardwood planta-
tions (PH.1/PH.2), and plantations of coniferous species, or softwood plantations
(PS.1/PS.2).

Hardwood plantations are divided between plantations of fast-growing species (PHHI1/
PHH2) and plantations with other broadleaved species (PHLI!/PHL2). Limit between these
tyo groups of species corresponds approximately to a gross mean annual increment of 12-15
m~ /ha/year. However, separation is made above all on the basis of the species. For
instance Eucalyptus and Gmelina plantations are classified as fast-growing species (PHH!/
PHH2), whereas teak plantations are included in the PHL1/PHL2 categories.

The categories of plantations are finally the following:

- PHL1: industrial plantations of hardwood species other than fast-growing ones;
PHHI1: industrial plantations of fast-growing hardwood species;
PH.!: industrial hardwood plantations;
PS.1: industrial softwood plantations;

P..l: indusgtrial plantations.

- PHL2: non-industrial plantations of hardwood species other than fast-growing ones;
PHH2: non-industrial plantations of fast-growing hardwood species;
PH.2: non-industrial hardwood plantations;

PS.2: non-industrial softwood plantations;



P..2: non-industrial plantations.

- PHL=PHL] + PHL2: plantationg of hardwood species other than fast-growing ones;
PHH=PHH! + PHH2: plantations of fast-growing hardwood speclies;

PH=PH.l + PH.2

.

hardwood plantations;

PS=PS.1 4+ PS§.2 : softwood plantations;
P=P..]1 + P..,2 : all plantations.
2.2.2 Discussion

- The separation of plantations from natural forests did not pose any particular
problems in most countries. In fact, there are very few doubtful examples. But doubt
can arise, for example, regarding enrichment planting (in lines or "layons", in strips, in
plots) where the species introduced can become predominant and eclipse the initial popula-
tion. However, these works, done in a few countries, only cover a very small area which,
in general, has been included or merely mentioned under the category of intensively man-
aged forests (NHCfIm/NSflm, and possibly NHc/NHOIm). There are also cases where the
plantations of one species replace a stand that was originally mixed, where nevertheless
this species is, if not dominant, at least present to a significant extent. The most
important case is that of teak plantations in Java which have replaced mixed teak forests
and which have eventually been classified as plantations. In all the other cases of
plantations on cleared forests, the previous stand has been replaced by a homogeneous
population of a single exotic species or of a species present in another part of the coun-
try, or else again by a species belonging to the original forest but which was present only

at a very low density.

~ Generally speaking, artificial stands planted in block, covering a minimum area,
let us say over 0.5 ha, have been considered as plantationms. However, some non-industrial
plantations, that generally serve to supply rural populations with firewood or wood for
domestic uses, or plantations along roads and canals are laid out in the form of hedge
rows or lines of one or several rows of trees. Wherever possible, as for example in
Bolivia and in Pakistan, these plantations have been taken into account by, generally,
using the factors for converting lengths into areas that are currently used in the res-
pective countries. In this connection we should also mention certaln soil protection
plantations that appear under the form of rows forming grids around unplanted zones, in
which the percentage of forest cover created can be in the order of 10 to 307, and which

have been accounted for as non-industrial plantations.

~ As mentioned in paragraph 2.2.], those tree plantations that are generally outside
the control of foresters have not been included. In some countries fruit tree plantations
have been realized by the forestry services. This is the case, for exagp}e. in Brazil
where tax incentives also apply to plantations of fruit trees such as Psidium guayana,
Paullinia cupana and Bertholletia excelsa and the palm trees Euterpe Spp. . Cashew nut
plantations (Anacardium occidentale) are established by the forestry services of certain
African countries and these have been taken into consideration as non-industrial planta-
tions in this study. Since these populations are itemized separgtely in t@e country
briefs included in technical reports 1, 2 and 3, the reader can, if he so wishes, subtract

the corresponding areas.

-~ The distinction between industrial and non-industrial p}antations has not usga}ly
posed any serious problem, as the main objective of the plantations was usually specified
unambiguously in the documentation consulted. If the products of tpe final cut are
destined for industrial processing (including, for example, crecsoting telephone poles to



preserve them) the plantations have been classified as industrial, regardless of what the
thinnings are used for. An exception to this rule is the plantations whose main purpose
is soil protection (particularly the rehabilitation of mountain zones and the protection
of catchment areas) which have been classified as non-industrial plantations without con-
sidering what might be the final destination of the products from the final cuts,

- The separation into fast-growing hardwood species (PHH) and the other hardwood
species (PHL) has been made, as mentioned before, on the basis of their gross mean annual
increment. In general the latter makes it possible to systematically classify a given
species in the same category regardless of which tropical country is concerned. However,
the more difficult ecological conditions in certain areas may mean that sometimes a fast-
growing hardwood species will be classified in the second category. It is for this
reason that the eucalypt plantations of some Sahelian countries have been classified as
hardwood plantations other than fast-growing whereas in most other countries eucalypts
are considered as fast-growing species.

2.3 Concepts of volume

2.3.1 Three volume concepts (either mean volume per ha or total for a given forest
category) are used throughout this study for closed broadleaved forests and coniferous
forests (NHCf-NSf) and for productive mixed forest-grassland tree formations (NHc/NHO!L),

which are:

- VOB: gross volume over bark of free bole (from stump or buttresses to crown
point or first main branch) of all living trees more than 10 cm diameter at
breast height (or above buttresses if these are higher);

- VAC: (for forests not intensively managed): volume actually commercialized, that
is volume under bark of logs actually extracted from the forest;

- AAC: (for forests intensively managed): gross annual allowable cut, in general
equated with current annual yield.

2.3.2 Discussion

- The VOB concept of gross volume has been adopted in preference to others as it is
the one most widely used in forest inventories, and is therefore the one for which the
least corrections are necessary in order to arrive at an average estimate of gross growing
stock for each category of forest formations in a given country. In the case of forest
inventories which do not use this concept of volume, ratios have been applied to their
results, determined on the basis of inventories of similar forest formations. Other
concepts of gross volume such as that of stem wood above 7 cm diameter ("bois fort") or
concepts of biomass have not been used since in the case of tropical forests there are
far fewer estimates concerning these than there are figures relating to the concept of
volume VOB that has been selected.

- The volume actually commercialized (VAC) corresponds to the commercial production
of sawlogs and veneer logs actually extracted from productive forests logged without in-
tensive management (NHC-NSflu and NHc/NHOIu) in the current conditions of the timber
market in each of the countries in the study. It is lower, sometimes considerably lower,
(particularly in tropical America and Africa), than the potential commercializable volume.
The total VAC that exists in productive forests not yet exploited (NHC-NSfluv and NHc/NHOluv)
in a given country corresponds to available existing 'reserves' assuming that logging is
to continue in the same conditions. These estimates are obviously just indicative since
for many countries the output per ha tends to increase, (utilization of a larger number of
species, better recovery, salvage logging before clearing for agriculture, etc.}, or, on
the contrary, to diminish (elimination of certian species through the increase in the cost
of transport consequent to the available forests becoming distant from the centres of con-
sumption and export, absence of certain commercial gpecies in the forests not yet logged, etc
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- For productive forests with intensive management (NHC-NSflm and NHc/NHOIm) another
concept of volume has been applied, which is that of the gross annual allowable cut (mainly
the volume of sawlogs and veneer logs of marketable species) which does not have any real
meaning for unmanaged forests where the production is not regulated at a given level. We
should be careful to distinguish this concept from that of mean annual increment of stands
which, in general, is applied to the total growing stock; (all diameters and speciesg
together) which is significantly higher.

3. INTERPRETATION OF SATELLITE IMAGERY (LANDSAT)

3.1 The lack of recent and consistent data at national level on the areas of forest
formations in 13 countries prompted to decide on the interpretation of Landsat imagery for
these countries. These 13 countries are: Costa Rica, El Salvador, Guatemala, Honduras,
The Dominican Republic and Paraguay in America; Angola and Guinea in Africa; and Burma,
India, Kampuchea, Lao and Viet Nam in Asia. The main purpose of the work of satellite
imagery interpretation was the checking and possible correction of estimates derived from
a previous attempt to update maps and other available documents. Because of the global
nature of this study, of the extent of the categories used and, in certain cases, of the
impossibility of collecting detailed ground truth data, the work was limited to the visual
interpretation of images, or more precisely, of the 1/l 000 000 scale positive transparen-
cies of bands 5 and 7 and of the standard colour composite from bands 4, 5 and 7. The
interpretation work benefited from the experience acquired by the FAO Forestry Department
within the framework of the FAQ/UNEP Pilot Project on Tropical Forest Cover Monitoring
carried out in three countries of West Africa (Benin, Cameroun and Togo). The remote
sensing consultant (J. Guellec) in charge of interpretation work for the 8 countries of
America and Africa and for 3 out of the 5 countries in Asia, had participated in this pilot
project.

The selected scenes were all images from Landsat 1 and 2, from 1972 to 1978 with
cloud cover less than 107 above the territories of the countries concerned. The selection
of images was made with the assistance of the FAO Remote Sensing Unit using the microfilms
of band 5 for checking the quality of each scene and the location and distribution of

clouds.

For each country documents which could assist in the interpretation as "ground truth,"
such as vegetation maps and forest inventory reports were used, as well as the 1/1 000 000
scale aeronautical charts, particularly for the transfer of international boundaries on to

the images.

In the case of Angola, the size of the country (more than one million kmz) and the
limited time available meant that only half the images of acceptable quality could be
studied with only every second frame being selected on each orbit: For three other coun=
tries (India, Kampuchea and Lao) the work of interpretation was limited to only a portion of

their territory.

This global project does not aim at drawing forest maps but ?ain}y at assessing.the'
present situation and evolution of tropical forest resources qualltatlve}y agd quantitatively,
Moreover, the delineation of the various types 9f vegetation grow satell}te images is not
necessary since estimation of areas can be obtained on a statlstlcgl basis through the
identification of vegetation types in each dot of a grid. For thls'Feason, the 1attef
device has been preferred for estimating the area of each interpretatlog clags except in
the case of India and Burma where mapping was carried.out. A sy§temaF1c dot grid on
transparent stable material, with & 5 mm by 5 mm spacing in the d1recF10ns parallel to the
sides of the image, was applied on the transparencles observed on a mirror st?reoscope.
Band 5 or band 7 was usually visualized simultaneously with the colouf composite on ?he
stereoscope. The dot grid was limited to.the effect}ve part.of Y?e images, taking into
account an average lateral overlap of 20% in the tropical regions= ang an overlap of 10%
in the North-South direction. Before the interpretation itself, some important features

1/ The average overlap is approximately 147 on the equator and 24X on the tropics (23°27").
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were indicated on one transparency of each scene, such as international boundaries, rivers,
important roads in order to facilitate orientationm.

This method was adopted after having compared its results on an experimental basis
with those of a more complete procedure including the delineation of vegetation classes and
the subsequent use of a dot grid for area estimation. Differences for each class, such as
closed forests, open forests, degraded forests, were not systematic and did not exceed 47
when these types were in the form of large patches. Differences were high and systematic
for classes represented by scattered patches of small dimensions. In this latter case, the
smallest patches are not delineated and the total area of the corresponding classes is
underestimated, while the estimation by interpretation of dots is not biased in this respect.
Another advantage of the statistical method is to allow for a reduction of the personal bias
of the interpreter in the delineation of classes, more particularly in the transition zones
where the drawing of the limits is often somewhat subjective.

The interpretation key is compatible with the general classification used in this
project (see paragraph 2.1.3). The following distinctions have been introduced:

~ broadleaved forests/coniferous forests;
~ closed forests/mixed forest-grassland formations;

- closed forests not altered by agriculture/closed forests altered by agriculture
("forest fallow'").

Mangroves and large areas of swamp formations were also identified.  Other distinc~
tions, such as between open tree formations and open shrub formations or between productive
and unproductive forests, or between undisturbed forests and logged~over forests were not
possible through the visual interpretation of satellite imagery and the corresponding area
estimates were obtained through an analysis of other documentation and phytogeographic,
vegetation or land use maps.

In total 208 scenes corresponding to an overall area of around 295 million ha were
interpreted, which is about 6% of the total area of the countries studied.

The list of images used and the location of their centres, as well as comments on
their interpretation are given in the country briefs for the 7 corresponding countries of
Africa and Asia (technical reports 2 and 3). For what regards the 6 countries of
tropical America general overall comments and the location of the centres of the images
studied are given in the first part (regional synthesis) of technical report 1.

3.2 Use has also been made in this study of the results of the interpretation of
remote sensing data (radar images, satellite images, very small scale aerial photographs)
carried out in recent years for vegetation mapping at the national level in a number of
countries in the three regions, that is to say:

- tropical America (6) : Bolivia, Brazil, Colombia, Haiti, Mexico and Peru;

~ tropical Africa (9) : Benin, Cameroon, Guinea Bissau, Mozambique, Nigeria,
Senegal, Sierra Leone, Togo and Upper Volta;

- tropical Asia (3) : Indonesia, The Philippines and Thailand.

Results from the interpretation of data obtained from recent remote sensing tech-
niques have thus been utilized in 3! of the countries studied; for 13 of these the inter-
pretation was done directly by this project, while for the 18 others use was made of the
results of interpretation carried out by others. Twelve of these countries are in
tropical America, 11! in tropical Africa and 8 in tropical Asia.



4. ESTIMATION PROCEDURES

4.1 General principles

In this study, estimates have always proceeded from the smaller geographic area to
the wider area, in other words, from a part of the country or from an entire country to a
group of countries (sub-region), then to the whole of each of the three regions, then to
the whole of the 76 tropical countries studied. This procedure from the "bottom to the
top" has been faithfully respected throughout the study and in no case have overall esti-
mates at the level of a group of countries (for deforestation, for example) been broken
down further to the level of the countries. The latter, or sub-divisions of the same,
have been the study units whose results have subsequently been added up for the sub-
regions, the regions and the whole tropical area studied.

As already indicated in section 1, use has been made for each country of a consider-
able amount of information and documentation of diverse origins and types that have been
analyzed and selected beforehand. A list of what are considered the most important
references is given in the bibliography attached to each country brief in the second
parts of technical reports 1, 2 and 3. Although the overall approach and the estimation
principles have been applied in a uniform manner for all countries, the variable relative
importance, depending on countries, of the type of information and documentation available
has led to some adaptation of the estimation procedures. Thus, for example, the assessg-
ment of areas for categories of natural woody vegetation has obviously been done a differ-
ent way in the 13 countries where an interpretation of satellite imagery was carried out
by the project, as compared to what was done in the 63 other countries.

-~ All the data collected have been organized and interpreted so as to be inserted
in the simple uniform framework of classifications and concepts described in section 2
above. The processing of the raw information was, therefore, as objective and logical
as possible. Such treatment was made necessary by the fact that from one country to
another, and very often inside the same country, the concepts and classes did not cover
similar entities, even when the same words were used. Without this processing the com-
pilation of the raw data at the sub-regional, regional and world levels would have given
results that would have been basically incorrect; a fault found in those forest resources
surveys based solely and simply on the analysis of questionnaires that had been filled out
and returned. The term "forest" for example does not imply the same formations in moist
tropical countries as it does in countries where conditions are arid and more precautions
than one would think are often necessary in order to eliminate all of the effects of such

different (albeit natural) viewpoints 1/.

- It is important to distinguish between two types of estimates: on the one hand,
thogse which refer to the situation and evolution of forest resources until 1980 and derive
from the interpretation and processing of data corresponding to this period and, on the
other hand, projections up to 1985 which reflect, for each country, what has see@ed to be
the most likely situation at this date, account being Faken of present trends - including
potentialities and constraints - in the political, social and economic fields.

- From the outset relations were established with the national forestry institutions
80 as to have these associated as closely as possible with this study. These insti?utions
subsequently received the first drafts of the country briefs so that they could provide
comments and corrections. Forty-five countries (out of the 76? have,.at one or seyeral
stages of the study, collaborated with the project, which made it possible, in particular,

1/ Thus, for example, World Forestry Inventory (19§8) repor?ed 13 and 12,2 milli?n ha of

~  forests for the Ivory Coast and Senegal respectively, while for the former this referred
‘only to closed humid forests (excluding wide areas of woodlands, wooded and.tree
savannas) and the figure for Senegal referred mainly to these latter formations.
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to resolve differences of appreciation that had emerged on such and such an aspect.
Although it does not represent the official views of the countries - if only for the fact
that the concepts and classifications used by this project are not necessarily those that
each country employs - the results, in their final form, have been either explicitly or
tacitly ratified by the countries concerned.

- The validity of the estimates naturally varies according to the countries and the
items concerned. The deductions, projections and approximations made have a degree of
security that is a function of the numerous criteria, particularly, of course, the quantity
and quality of the raw data that has been treated. It would have been possible, for
example, to give each of the many estimates an index of validity which would, however, have
been subjective and somewhat arbitrary. It has been considered preferable to describe
succinctly, in the country briefs, the way that the more important estimates have been
arrived at each time, with an indication of the corresponding sources. When certain
estimates derive from an overall judgment, more than from a coherent deduction, this has
been duly pointed out in the corresponding country brief. These estimates are usually
indicated in parentheses in the tables of the country briefs.

- The accuracy of the results could not be quantified, but in each case it is in a
more or less direct proportion with the value of the estimated item and could be expressed

within a certain range of percentages of this (for example from + 57 to + 257). Moreover,
approximations are inevitable and it is advisable to round out the estimates in a way that
will be in relation to their accuracy. This means, for example, that one should round

off to 10 000 ha or even 50 000 ha the areas of natural woody formations for large coun-
tries, while for the smaller countries they should be rounded off to the best level of
accuracy decided upon, in this case a thousand hectares. In the summary tables for sub-
regions and regions, the totals shown are to the best level of accuracy adopted, since the
results obtained by adding up the estimates of small and large countries together have been
kept just as they are. The best levels of accuracy adopted are as follows:

- areas for categories of natural woody formations: 1000 ha

- areas for plantation categories: 100 ha

- annual rates of deforestation by category: 100 ha

- VOB/VAC volumes per ha: m3

- total VOB/VAC volumes: 0.1 million3m3
(100 000 m™)

- gross annual allowable cut (AAC) per ha: 0.05 m3

- total gross annual allowable cut (AAC): 0.01 millioa m3
(10 000 m™)

4.2 Particular estimates

4.2.1 Areas of categories of natural woody formations

The systematic approach taken has been to establish a base of area estimates at a
date as recent as possible and to subsequently update this base in order to bring these
estimates up to the end of 1980 and then project them to the end of 1985, The base date
selected is generally that of an inventory, a reconnaissance or a vegetation map at the
national level, or, more accurately, that of the aerial photography coverage or remote
sensing images on the basis of which these works have been done. The updating and the
projections are made by taking into account the various changes that the natural woody
vegetation has been subject to, especially that due to man (clearing and alienation of
the forest for other land use, logging, management, reservation, degradation by over-
grazing, excessive cuts - particularly for firewood -, "savannization' by firing, etc.)
and the corresponding transfer from category to category. The more usual direct
transfers are indicated in the figure shown below for broadleaved formations (NHC-NHc/
NHO-nH), with the abbreviation of the type of modification incurred:
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am. : introduction of intensgive management ;
def. : deforestation by clearing and alienation for other uses;
deg. ¢+ degradation;
exp. ¢ logging (mainly for sawlogs and veneer logs):
ref. (&) ¢ natural reforestation (the sign "¢' between parentheses indicates that
the areas of the corresponding transfers are small);
res. : legal reservation (classification as national park or equivalent
reserve) ;
sav. : '"savannization'" (of closed forests as a result of firing).
To o ~ ~
s |y s |8 |8 |¢ =i
2 2 E Y & = Z £ g ”
S S S S S S I 3 b 3 29
From £ |2 |2 |8 |2 |Z |2 |E |E |E E &3
NHC{ 1uv exp. | am. deg. | res. | def. | sav. | sav. def.
NHCf1luc . am. deg. | res. | def. | sav. | sav. def.
NHCf Im res. | def. def.
NHCfZ1i res. | def. | sav. | sav. deg. def.
NHCf2r def. | sav. | sav. | sav. def.
NHCa def.
ref. | ref. | ref.| ref. de
. g.| res. | def. def.
NHe/NKO! 1 o) | | ® | ® m
NHc/NHO21 E;f' res. | def. deg. def.
ref. A
def. def.
NHc/NHO2r €)
NHc/NHOa def.
nH ] def.

Other similar tables can be drawn up for coniferous formations (NS) and those of
bamboo (NHB). It is reasonable to suppose that there are no significant transfers from

the above table of broadleaved formations to the corresponding table of coniferous forma-

tions. On the other hand there i1s a transfer between these two tables and that for the

bamboo formations, but they are very difficult to perceive.

The more important transfers, from all points of view, come from deforesﬁation .
transfers from the categories NHCf-NSf-NHBf to categories NHEa—NSa—NHBa, n and. non-wo9dy ,
and from NHc/NHO] and NHc/NHOZ to NHc/NHOa, n and "non-woody" -, and from logging - mainly
transfers from NHC~-NHB-NSfluv (undisturbed closed forests) to NHC-NHB-NSfluc (logged

1/ including forest plantations (P)
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closed forests). At the level of each country, agricultural statistics, (particularly

the trend over time in the numbers of families by types of crop), and information on agri-
cultural practices, (averape cropping and fallow periods in shifting cultivation, average plot
size, type of clearing, etc.) provide valuable assistance in quantifying, at the national

and sub-national level }/, the trends in land use. During the course of the study of a
country, the general breakdown of land between the different forms of occupation is
reconstituted at each stage (reference date, end-1980 and 1985) so as to show up any poss~
ible contradiction with the conclusions arrived at from agricultural population and prod-
uction statistics.

The transfer of areas from category to category corresponding to degradation processes
(and no longer to deforestation) are obviously more difficult to quantify. This is because
there is much less precise information on the subject (practically none at the national
level) and because these are gradual changes that are difficult and somewhat artificial to
translate by transfers from category to category. This is the case, for example, of the
evolution of productive closed forests (NHC-NS-NHBfl) into unproductive closed forests (for
reasons related to the characteristics of the stands: part of NHC-NS-NHBf2i), which is
particularly noticeable in many coniferous forests that are over—exploited and over-grazed,
or the evolution of productive open tree formations (NHc/NHO!) into unproductive open tree
formations (for reasons related to the characteristics of the stands: part of NHc/NHO2i) or
even in shrub formations (n). Other degradation transfers are those that correspond to the
"gavannization' of closed forests (from NHCf to NHc/NHO). In all those cases where trans~
fers concern areas of some size, their estimation has been done so as to translate as com~
pletely as possible these gradual regressive evolutionary processes within the framework of
the classification used.

The area estimates of a given category at the end of 1980 and at the end of 1985
differ from each other by the sum of the transfers towards this category from other catego-
ries, The preceding table shows, for example, that unmanaged logged~over productive closed
broadleaved forests (NHCfiuc) will increase by the amount of unmanaged undisturbed productive
closed broadleaved forests logged during this period but will be reduced by the areas either
deforested (becoming NHCa or "other"), or reserved for national parks (NHCf2r), or degraded
(into NHCf2i) or managed (NHCfim) or again being "savannized" (NHc/NHO! and NHc/NHO2i).

In many cases the reduction or increase in area of a forest category between 1980 and 1985

is the result of many, and not just ome, processes of evolution, Apart from the example
mentioned previously, it is worth mentioning that of the reduction of undisturbed closed
broadleaved forests without intensive management (NHCfluv) which is the sum of the transfers,
(all of them negative), brought about by logging, management, degradation, reservation,
deforestation and '"savannization' as the preceding table shows. At least two factors for
reducing undisturbed forests intervene in nearly all cases, and these are logging and deforest-
ation, but the nature and extent of their effects on the forest environment are quite
different. The former, that is usually very selective, leaves behind a forest that is
impoverished but not destroyed and which can be intensively managed, provided, of course,

it does not immediately become the prey of clearing operations. The latter, on the other
hand, i.e. deforestation, means that the forest disappears for a certain time, or for ever,
and makes it practically impossible to have a sustained yield of forest products.

4,2.2 Areas of plantations

Generally speaking it has been possible to get gross estimates of areas for plantations
up until the end of 1978. For 1979 and 1980, as well as for forecasts up to 1985, the gross
figures can be deduced from programmes currently under way and those that are likely to be

implemented.

1/ For many countries (e.g. West and Central Africa) the analysis of deforestation is done
T geparately for the closed forest zone and the savanna zome.
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To go from gross figures to net figures, i.e. to the areas of successful plantations,
that are "reasonébly stocked", success/survival rates have been applied that vary according
to each country in relation to the types of plantations (industrial plantations, plantations
for girewood, soil protection, etc.), their age, the organizations responsible (forestry
services, private companies, village communities), the species planted, the sites, etc,
Sometimes the gross and net figures have both been provided in the country briefs so as to
allow for comparative evaluations. However, only the net figures have been used in the
summary tables in the regional syntheses.

In the country briefs the distribution of areas by age class, (from 5 to 5 years up
to 20 years of age and from 10 to 10 years from 20 to 40 years of age) has been given each
time the information available made the estimation possible, even in a very approximative
way. In the latter case the areas by age classes are indicated in parentheses. In some
rare cases of non-industrial plantations, only the total area of existing plantations could
be given since the information found in the documents did not make it possible to arrive at
even a rough breakdown by age class.

In the case of plantations which have already coppiced one or several times, or in
cases of replanting of species that do not coppice after logging, the areas have been sys-
tematically distributed in function of the age of the first generation and not that of the
subsequent generation or generations. Replantings with the same category of species do not,
therefore, appear in the age class corresponding to their date, but in that of the first
logged plantations that they replace. The main reason for this is that there is little
information on the exact date of the logging of plantations and that the rotations given
for each species are generally only of an indicative value. In certain cases, however, an
indication has also been given for what could be the distribution by age class of new
generations by assuming average rotations for each species or category of species.

4,2.3 Volumes and increments

The estimate of total volumes is derived systematically from those of the correspond-~
ing average volumes per hectare through the application to the latter of areas determined
at each reference date (end 1980 and end 1985). Overall estimates of volume have never
been produced independently from the surface areas supplied by the study.

Estimates of volumes per hectare are determined from the results of forest inventory
reports., In the country briefs the more important estimates that have been found are
reported in order to justify the averages finally selected, Apart from the problems aris-
ing from the diversity of concepts of volume in forest inventories already mentioned in
paragraph 2.3.2, two other difficulties have had to be overcome, that is to say:

the lack of recent forest inventories at the national level in the great majority
of tropical countries. Almost all the evaluations of volume concern limited areas
and it has thus been necessary to construct weighted estimates (particularly by

type of forest) applicable overall to each large sub-division (or forest category)

of the country or directly to the country as a whole;

~ the different mensuration methods,(all other things being equal, particularly for
the same concept of volume), applied in forest inventories depending on the country,
(and sometimes even inside the same country), introduce distortions into the esti-
mates which have to be corrected in order to get results that are as consistent as
possible. Nevertheless, it was impossible to avoid some anomalies in the study
which it would be advisable to remove when complementary information becomes
available. As an example of this state of affairs, we can mention the considerable
difference between the gross volumes per hectare of undisturbed productive closed
broadleaved forests (NHCfluv) of French Guyana on the one hand and Suriname and
Guyana on the other, which is certainly due, in large part, to the estimation

methods used.
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When there was a lack of information on the gross volume (VOB) per hectare of logged-
over productive closed broadleaved forests (NHCfluc), this has generally been taken as equal
to that of the corresponding undisturbed closed broadleaved forests (NHCfluv), less twice
the net volume extracted from the forest (VAC) (i.e. approximately the gross volume of
trees felled), by assuming, as a first estimate, a compensation between natural growth of
the stand after logging (positive factor) and the damage caused during logging: broken
trees, roads, etc. (negative factor). When managed forests exist in a given country their
gross standing volume per hectare and that of unmanaged logged-over forests of the same
type have generally been taken as equal to each other.

The data on gross volumes (VOB) per hectare of forests that are unproductive for
physical reasons (stand and terrain condition) are far fewer than data relating to produc-
tive formations since forest inventories are mainly concerned with these latter. The esti-~
mates that have been made should be generally considered as very approximate and as not
having the same validity as those concerning productive formationms.

The gross volumes (VOB) per hectare and in total have been estimated overall for
broadleaved forests (NHCf) and coniferous forests (NSf) as well as for productive open tree
formations (NHc/NHO!). No attempt has been made to estimate the average and total volumes
of secondary formations of forest fallow (NHCa, NSa, NHc/NHOa) because of the great
variety of corresponding categories and the lack of data on their volume. For the same
reasons, the volumes of unproductive open tree formations (NHc/NHO2) and shrub formations
(n) have not been estimated.

The estimate of standing ''volumes actually commercialized" (VAC) has only been done
for undisturbed productive closed forests (NHCfluv, NSfluv) (volume exploitable in the
present circumstances contained in these forests). In certain countries it was necessary
to distinguish between the usual selective logging and '"salvage logging" of forests before
their being cleared for other uses. A difficulty arose in the case where selective
logging is done in several passes in a reduced period of time, that is less in any case
than the theoretical rotation indicated in a polycyclic system (in the order of 25 to 40
years). The approach taken in this case has generally been to consider that the VAC was
equal to the sum of the repeated cuts (examples in Sabah, Sarawak and the Philippines).

Logged-over forests (NHCfluc, NSfluc) also contain volumes of exploitable timber
and, in fact, some forests are 'creamed" twice or more. Nevertheless it is very difficult,
if not impossible, to estimate the average commercial volume which remains in forests that
have already been logged over and no corresponding figure has been given except in a few
cases.

In many countries it has been estimated that there would be an evolution in the
average VAC from the period 1976-80 and to 1981-85, generally towards a slight increase
mainly to allow for the greater number of species that can be marketed.

Information exists in the documentation relating to certain countries in tropical
Asia for what regards the weight of dry matter in bamboo stands. This information has
been gathered and used in the total estimates for each of these countries, which have not
been summarized at the regional level.

Data found on volume increment in natural forests either before or after logging
have been given in the country briefs. Because of the variety of formations, the different
succession stages in the evolution towards climax formations and the relatively small
amount of information that has been found, no attempt has been made to provide averages at
the national level which would have been too general and too approximate. On the other
hand, in the case of intensively managed forests, data exist, that are generally acceptable,
on the gross annual allowable cut (AAC) which have been used to deduce the total allowable
cut of these stands at the level of each country concerned. It is worth remembering in
this connection that intensively managed closed forests, as understood in this study,
represent barely 4.75% of productive closed forests as a whole. ‘
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5. PRESENTATION OF RESULTS
In the study results are presented at three different levels:

- at the level of each of the 76 countries studied, each of which is the subject of
a "cou?try brief", except for Zimbabwe and with 3 briefs for Malaysia: Peninsular
Malaysia, Sabah, Sarawak. Thus there is a total of 77 briefs: the group of country
briefs corresponding to a given tropical region make up the second part of each of
the three regional reports (technical reports !, 2 and 3 for tropical America,
Africa and tropical Asia respectively). For a certain number of countries results
are given by geographic or phytogeographic divisions;

- at the level of each of the three tropical regions (grouping together a total of
14 sub-regions) the country results are summarized and their presentation has been
the subject of a regional synthesis making up the first part (or, to be precise,
chapter III of this first part) of each of the three regional reports;

- at the level of the 76 countries overall, results by region are regrouped and set
forth in a concise way under chapter III of the present report.

5.1 Countries studied

Tropical America (23)

The 23 countries studied for tropical America are:

- all the countries of South America, including the French department of Guyana,
except for three countries in the Southern cone (Argentina, Chili and Uruguay)
that are mainly of a temperate or sub-temperate climate (10 countries or territo-

ries in all);
- Mexico and all the countries of Central America (8 in all);

- the largest island countries in the tropical sector of the Caribbean (except for
Puerto Rico); 5 countries in all.

The recapitulation of results at the regional level has been made according to the
following sub~regional framework:

. Costa Rica, El Salvador, Guatemala, Honduras, Mexico,
Nicaragua, Panama.

- Central America (7)
and Mexico

- CARICOM (&) : Belize, Guyana, Jamaica, Trinidad and Tobago.

Cuba, Dominican Republic, French Guiana, Haiti,
Suriname.

- Other Caribbean (5) :

~ Tropical South

Latin America (7) : Bolivia, Brazil, Colombia, Ecuador, Paraguay, Peru,

Venezuela.

in tropical Africa are all the tropical countries of contin-
and Mauritania, plus Madagascar. The Medi-
Algeria, Tunisia, Libya, Egypt) and the

ic of South Africa, Lesotho, Swaziland) have

The 37 countries studied i
ental Africa, with the exception of Djibouti
terranean countries of North Africa (Morocco,
temperate countries of Southern Africa (Republ

not been covered by the study.
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The countries have been clagsified into the following five sub-regions:
- Northern Savanna Regions (6) : Chad, The Gambia, Mali, Niger, Senegal, Upper Volta;

-~ West Africa (9) : Benin, Ghana, Guinea, Guinea-Bissau, Ivory Coast,
Liberia, Nigeria, Sierra Leone, Togo;

- Central Africa (7) : Angola, Cameroon, Central African Republic, Congo,
Equatorial Guinea, Gabon, Zaire;

- East Africa and Madagascar : Burundi, Ethiopia, Kenya, Madagascar, Malawi,
(13) Mozambique, Rwanda, Somalia, Sudan, Tanzania,
Uganda, Zambia, Zimbabwe;

- Tropical South Africa (2) : Botswana, Namibia.

Tropical Asia (16)

The 16 countries studied are all the countries south of China, from Pakistan in the
west to the Indonesian part of the island of New Guinea in the east, with the exception of
the Maldive islands and Singapore, to which has been added Papua New Guinea which is normally
considered as a country in Oceania. More than half of all these countries are situated
within the tropics, except for Bhutan, Nepal and Pakistan, which are entirely to the north
of the Tropic of Cancer. These last three countries have, however, been included since they
form part of the Indian sub-continent and are in part under the tropical and sub-tropical
influences which are felt to a significant extent to the north of the tropic.

These 16 countries have been divided into sub-regions as follows:
- South Asia (6) : Bangladesh, Bhutan, India, Nepal, Pakistan, Sri Lanka;

- Continental Southeast
Asia (2) : Burma, Thailand.

~ 1Insular Southeast Asia (4): Brunei, Indonesia, Malaysia, The Philippines;

- Centrally planned

tropical Asia (3) Kampuchea, Lao, Viet Nam;

~ (Oceania)

..

Papua New Guinea.

5.2 Country briefs

5.2.1 Text

The plan is the same for all the country briefs. The present situation as regards
forest resources and the present trends are described in two separate sections, each of them
consisting of one section on natural woody vegetation and the other on plantatioms.

The description of the composition and the physiognomy of the different types of
natural woody vegetation (paragraph 1.1.1) is followed by an estimate of areas for natural
woody vegetation up to the end of 1980 and information on ownership, legal status, manage-
ment and forest utilization (paragraph 1.1,2), The interpretation of the available results
of forest inventories makes it possible to estimate the volume of stands at the national
level up to the end of 1980 (paragraph i.1.3),
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The comments on plantations begin with an introduction (paragraph 1.2.1) and this is
mainly concerned with historical aspects, followed by an estimate of the areas of forest
plantations at the end of 1980, with separate sections on industrial plantations and non-
industrial plantations, by categories of species and age classes (paragraph 1.2.2). Quan-
titative data on the characteristics of the plantations, particularly on mean annual incre-
ments, are given in paragraph 1.2.3.

In section 2.1 concerning present trends for natural woody vegetation, a distinction
has been made between deforestation in the strict sense (paragraph 2.1.1), i.e. essentially
the alienation of forest areas for agricultural purposes (permanent or shifting) or for
other uses, and between degradation of woody formations, particularly mixed forest-grassland
tree formations, resulting from other factors, such as fire, over-grazing, over-exploitation
for firewood and charcoal, etc. (paragraph 2.1.2). By taking into account the trends as
regards forest utilization (paragraph 2.1.3), projections are made regarding areas and volume
of stands for the end of 1985 (paragraph 2.1.4).

Finally, in section 2.2, indications are given on the programmes for forest plantations
and the probable extent of their realization for the years 198! to 1985, which makes it possi-
ble to forecast planted areas by category of species up until the end of 1985,

A bibliography at the end of the brief for each country shows the main documents upon
which the estimate of forest resources and the trends were based. Since the reference
dates are particularly important in this study, these are shown in chronological order.

5.2.2 Tables

As well as tables concerning some secondary aspects, each country brief has a set of
basic tables that illustrate the text and which are described here below:

~ "Areas of natural woody vegetation estimated at end 1980" (paragraph 1.1.2)

This table gives the areas (to the nearest thousand ha) of categories of natural
woody vegetation according to the classifications shown in section 2.1 above. The table
is followed by notes and explanations to explain how the estimates were arrived at.

- "Growing stock estimated at end 1980" (paragraph !.1.3)

Bagsed on the area estimates of the preceding table, and the averages per hectare of
gross volume over bark (VOB) and '"volumes actually commercialized" (VAC) (given to the
nearest m3), it has been possible to arrive at the corresponding total volumes for closed
broadleaved forest formations, for coniferous formations and for productive open tree
formations (NHc/NHO1). The gross annual allowable cuts (AAC), either per hectare or in
totals, are also given for the existing categories of intensively managed forests.

- "Areas of established plantations estimated at end 1980" (paragraph 1.2.2)

Areas that have been successfully planted up until the end of 1980 are indicated, in
thousands of hectares (generally to the nearest 100 hé) by specles, or c§tegoriea og
species, and by age classes, respectively for industrial and non-lndgstrlal plantations and
for plantations as a whole. It should be remembered that these estlmages correspond to
net areas, i.e. those obtained after reductions have been.made to take into account Fhe
degree of guccess achieved in the programmes, the re?lantlng of unsuccessful plantations )
or those that have already been exploited and the failure ?f others, In some cases.mentlon
has also been made of raw data found in the documents studied for purposes of comparison.

- "Average annual deforestation" (paragraph 2.1.1)
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This table gives the areas of closed forests cleared each year during the past 5 years
(1976~80) and the corresponding projections for the coming five years. As already mentioned,
the concept of deforestation that has been used implies the clear cutting of forests for use
other than forestry (principally agriculture) and their eventual replacement, after a few
years, by secondary vegetation.

A logged-over forest that is not subsequently replaced by agriculture, changes in
forest category (from NHCfluv or NSfiuv to NHCfluc or NSfluc) but is not deforested in the
sense used in this study, even if the volume logged issrelatively high. These transfers of
virgin forest to logged-over forest are not reflected in this table. In order to know the
surface area of primary forest covered annually by clearing and by forestA}gggigg, the area
of virgin forest newly logged each year should usually be added to the f;gpre on deforestation
indicated in this table.

Indicationsg are also given in the text of paragraph 2.1.] on the transfer of closed
forest (NHCf or NSf) to forest fallow (NHCa or NSa) in the case of shifting agriculture, in
terrain which allows for reconstitution of the soils after a period of cropping.

The destruction of open woodland formations (NHc/NHO) and shrub formations (n) are
also indicated in this paragraph, as are the transfers within the NHc/NHO category and thosge
to the n category.

- "Areas of natural woody vegetation est1mated at end 1985" - "Growing stock estimated
at end 1985" (paragraph 2.1.4)

These tables are similar to those in paragraph 1.1.2 and 1.1.3. They provide esti-
mates of correspondinpg areas of volumes as these have been projected on the basis of estimates
of deforestation in the next five years and other assessments related to conservation and
utilization of forests in the period 1981-85.

- '"Areas of established plantations estimated at end 1985" (section 2.2)
These tables are similar to those in paragraph 1.2.2 and integrate the projections of
established plantation areas during the period 1981-85 on the basis of existing or planned

programmes and the financial and other constraints of each country.

5.3 Results at the reg}onal level

The presentation of results at the regional level, which is given in chapter III of
the first part of each of the three regional reports, follows the same outline as that for
the country briefs. In the tables the countries are shown in line and are grouped into the
sub-regions indicated in paragraph 5.1. The summary tables given are the following:

- Table la - Areas of natural woody vegetation estimated at end 1980
Closed broadleaved forests (NEHC)

~ Table 1b - Areas of natural woody vegetation estimated at end 1980
Coniferous forests (NS)

- Table lc - Areas of natural woody vegetation estimated at end 1980
Bamboo forests (NHB)

-~ Table 1d ~ Areas of natural woody vegetation estimated at end 1980
Closed broadleaved, coniferous and bamboo forests (N.f)

- Table le -~ Areas of natural woody vegetation estimated at end 1980
Open broadleaved forests (NHc/NHO)
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Areas of natural woody vegetation estimated at end 1980 h All formations.

Standing "volumes actually commercialized" (VAC) at end 1980 -
Undisturbed productive forests

Estimated areas of undisturbed productive closed forests logged annually
(sawlogs and veneer logs) in the period 1981-85

Growing stock (VOB) estimated at end 1980 - Broadleaved forests
Growing stock (VOB) estimated at end 1980 - Coniferous forests (NS)

Total growing stock (VOB) estimated at end 1980 - Closed forests (broadleaved
and coniferous)

Areas of established plantations estimated at end 1980 - Industrial plantations

Areas of established plantations estimated at end 1980 - Non-industrial
plantations

Areas of established plantations estimated at end 1980 -~ All plantations
Average annual deforestation -~ Closed broadleaved forests (NHC)

Average annual deforestation - Coniferous forests (NS)

Average annual deforestation - Bamboo forests (NHB)

Average annual deforestation - Closed broadleaved, coniferous and bamboo
forests (N.f)

Areas of natural woody vegetation estimated at end 1985 - Closed broadleaved

forests (NHC)

Coniferous

Areas of natural woody vegetation estimated at end 1985
forests (NS)

Bamboo forests (NHB)

Areas of natural woody vegetation estimated at end 1985

Areas of natural woody vegetation estimated at end 1985 - Closed broadleaved,

coniferous and bamboo forests (N.f)

Areas of natural woody vegetation estimated at end 1985 - Open broadleaved

forests (NHc/NHO)

Areas of natural woody vegetation estimated at end 1985 - All formations
Areas of established plantations estimated at end 1985 - (projections) -
Industrial plantations

Areas of established plantations estimated at end 1985 ~ (projections) -
Non-industrial plantations

Areas of established plantations estimated at end 1985 - (projections) ~-
All plantations
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In the case of tropical America the tables concerning bamboo forests (lc and 7¢) and
those related to open broadleaved forests formations (le and 7e) are not shown since the
areas of the former have not been estimated and those of the latter have not been broken
down by category in all countries. Tables }d (and 7d) and 1f (and 7f) have, for tropical
America, the following numbers respectively lc (and 7c) and 1d (and 7d).

5.4 Results for the whole of the three regions

Chapter III of the present report briefly sets out the results of the study for the
whole of the 76 countries studied, following the same plan used for the country briefs and
the regional syntheses. The tables are the same as those supplied in the regional syn-
theses, the three regions and the whole appearing in line.

0000000000000000000
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Chagter III
THE FOREST RESOURCES OF TROPICAL AMERICA, AFRICA AND ASIA

been indicated with their groupings by sub-
For easier reference the

list by region is given again here below:

hree main tropical regions that have

region in section 5.1 of the preceding chapter.

Tropical America Tropical Africa Tropical Asia
(23 countries) (37 countries) (16 countries)

Belize Angola Madagascar Bangladesh

Bolivia Benin Malawi Bhutan

Brazil Botswana Mali Burma

Colombia Burundi Mozambique Brunei

Costa Rica Cameroon Namibia India

Cuba Central African Niger Indonesia

Dominican Republic Republic Nigeria Kampuchea

Ecuador Chad Rwanda Laos

El Salvador Congo Senegal Malaysia 2/

French Guiana Equatorial Guinea Sierra Leone Nepal -

Guatemala Ethiopia Somalia Pakistan

Guyana Gabon Sudan Papua New Guinea

Haiti The Gambia Tanzania The Philippines

Honduras Ghana Togo Sri Lanka

Jamaica Guinea Uganda Thailand

Mexico Guinea-Bissau Upper Volta Viet Nam

Nicaragua Ivory Coast Zaire

Panama Kenya Zambia

Paraguay Liberia Zimbabwe 1/

Peru

Suriname

Trinidad and Tobago

Venezuela

1/ Although results have been estimated for this country, it was not, however, the subject

of a country brief, ) .
2/ A separate country brief was prepared for each of the three main parts of this country

(Peninsular Malaysia, Sabah, Sarawak).

As all descriptions in the framework of this chapter are bound to be extremely brief,
reference should be made to the regional syntheses and to the country briefs (tec?nlcal
reports 1, 2 and 3) for all that relates to the very diverse physical characteristics of the
76 countries studied and the three regions which include them.

The situation and evolution of forest resources is chiefly related to the pressure
exerted on them by the human populations, particularly agri?ultural'p?pulations.. The
following table gives some important indications on population densities per region and
sub-region, extracted from volume 33 of the FAO Production Yearbook for the year 1979
updated to 1980 by using the mean annual growth rate of the period 1975~80.

i i i i i ities in the differemt
The grouping by sub-regions in the table hides important disparities in t ;
countries,zparticglarly in tropical America. Thus,'for example, the "otper Caribbean"
include Prench Guiana and Haiti which are in diametrically opposed situations. yeveFtheless
many useful conclusions can be drawn from this table which deserves careful examinatiom,

Some of the more important conclusions are given here below:



Forest area and population in the regions and sub-regions studied in 1980

Total area Area of tree Rate of Total population Agricultural population
(including formations tree . . .
. inland not affected cover Density/ha Rz;e Density/ha Ra;e
Sub-region/ waters) by agricul- Z Total of of Total of of °
. .y . annual . annual
region (in '000 ha) | ture (in total | tree rowth (in total | tree th
(N. f+NHc/NHO) '000) area | area |*© '000) area area | BTV
AR 1975-80 1975-80
(in '000 ha) 7
A yA
Central America
and Mexico 247249 66923 27,07 92630 0.37 1,38 3.31 36610 0.15 0.55 1.31
CARICOM 25449 20195 79,35 4380 0.17 }0.22 1,54 870 0.03 | 0.04 {~1,26
Other Caribbean 44547 26454 59.38 22200 0.50 | 0,84 1.95 9620 0.22 }0.36 | 0.69
Tropical South
lLatin America 1362412 782080 57.40 |} 202640 0,15 | 0.26 2.84 73250 0,05 } 0,09} 0.81
TROPICAL AMERICA 1679657 895652 53,32 321850 0.19 ] 0.36 2.89 120350 0.07 | 0,13} 0.93
Northern savanna
region 423635 43660 10.31 29630 0,07 0.68 2.65 24530 0,06 | 0,56 1.99
West Africa 212096 55678 26,25 113830 0,54 2.04 3.19 64910 0,31 1.17 1.81
Central Africa 532773 335910 63.05 48460 0,09 | 0,14 2,60 35069 0.07 {0.10 1.88
Fast Africa and
Madagascar 881098 216851 24,61 149750 0,17 }0.69 2,95 116050 0.13 | 0.54 ] 2.23
Tropical South
Africa 139929 50980 36,43 1830 0.01 0,04 2.81 1150 0,01 0,02 1,68
TROPICAL AFRICA 2189531 703079 32,11 343500 0,16 | 0,49 2,95 241700 0,11 0,34 | 2,09
South Asia 448796 66561 14,83 || 895460 2,00 J13,45 2,46 580400 1.29 | 8,72 1.57
Continental
South-East Asia 119155 47616 39,96 82960 0.70 1,74 2,71 54220 0,46 1.14 1.84
Insular South-
East Asia 255546 147723 57.81 216830 0.85 1.47 2.55 119450 0.47 1§ Q.81 1.22
Centrally planned
tropical Asia 75216 36383 48,37 64870 0,86 1,78 2,28 46250 0.61 1,27 1.49
Papua New Guinea 46169 38175 82,68 3080 0.07 | 0,08 2.54 2530 0,05 | 0,07 } 2,08
TROPICAL ASIA 944882 336458 35,61 1263200 1.34 3.75 2,43 802850 0.85 | 2,39 1.53
Total 76 countrieﬂ 4814070 1935189 40,20 {j1928550 0,40 1,00 2,63 1164900 0,24 | 0,60 1.58

_07€—
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= the growth rate of the agricultura® r-nularion is everywhere less than that of the
total population, the difference be.., in .he order of I point (on 2.6 points) for
all the 7§ countries together. The agricultural population grows by less than 1%
per year in tropical America (1.} million inhabitants), by about 2% in tropical
Africa (5.1 million inhabitants) and by about 1.5% in tropical Asia (12.3 million
inhabitants). Out of the 50.7 million yearly increase in the total population
of the 76 countries studied, 18.5 million (i.e. approximately a third) correspond
to the growth in agricultural population;

- the sub-regions with low agricultural population density (less or equal to one
person per 10 ha of tree area) are in fact those where the forest cover is the
least threatened: CARICOM, Central Africa, Tropical Southern Africa, Papua New
Guinea. The low density figure of Southern tropical Latin America is explained
by the fact that the central part of the Amazon is poorly populated. Nevertheless,
the mass of the Amazonian forest is threatened at its borders where the population
density is higher than in the centre;

- on the other hand the sub-regions with a high agricultural population density,
(more than one person per 2 ha of tree area), are those where regression and/or
degradation of the forest cover, are more serious: Central America and Mexico,
the Northern savanna regions of Africa, West Africa, East Africa and Madagascar
and the sub-regions of tropical Asia. With the exception of French Guiana, the
sub-region "other Caribbean" is also in the same situation. In spite of the very
high density of the agricultural population in South Asia, the forests of this
sub-region, while still under threat, are relatively less cleared than those of
other Asiatic sub-regions because of their intensive management (particularly in
India);

-~ for the 76 countries studied as a whole, the average density of population is
exactly one person per hectare of tree formation not yet affected by agriculture.
This figure can be compared to that for Europe which is 3.5 persons per hectare,
The same comparison for the agricultural population gives 0.60 person per hectare
as an average for the 76 tropical countries studied and 0.53 for Europe. It can
be noted that these two latter figures are very similar whereas the densities of

total population are quite different.
1. PRESENT SITUATION

1.1 Natural woody vegetation

1.1.]1 Introduction

Indications have been given in paragraph 2.1.1 of chapter II of_the mein ?xisting
regional classifications of vegetation that have been taken into consldefatlon in this
study for the analysis of the woody vegetation of each of the three Fropl?allreg}ons.
Section 1.1 of the third chapter in each of the regional syntheses gives indications on
these clagsifications. There are also regional descriptions in the same section in the
reports for Africa and Asia. Finally, each country brief has a more or less detailed

description of its main woody formations. In this report we will limit ourselves to

the estimates of areas of large vegetation formations for the 10 countries and terfitories
H died in tropical Africa, as

studied in tropical South America and for the 37 countries stud ;
these have been estimated by dot counting respectively on the ‘Vegetatlon map of South '
America” at 1/5 000 000 scale (prepared for Unesco by the Institut de la carte internatio-
nale du tapis végétal) and on the "Vegetation map of Africa" (by F. White) at 1/5 000 000

scale for Unesco/AETFAT.
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Areas of vegetation types for the 10 countries and territories studied in tropical Southern
America taken from the Unesco/C.I.T.V. vegetation map of South America at 1/5 000 000 scale.

Areas
Denomination Unesco/C.I.T.V. map Unesco in
code {thousand %

ha
Extremely moist tropical ombrophilous lowland forest (P»3000 mm)|{ IAla | 55750 3.96
Very moist tropical ombrophilous lowland forest (P>2000 mm) IAla |365570 25,94
Tropical (or subtropical) evergreen lowland forest IAla 2810 0.20
Tropical evergreen seasonal lowland forest IA2a (121050 8.59
(Mosaic of degraded formations) - (23960) (1,70)
Tropical submontane ombrophilous forest (P»3000 mm) ) 3190 0.23
Tropical submontane ombrophilous forest (P>2000 mm) ) 1alb 19840 1,41
Tropical (or subtropical) evergreen seasonal lowland forest IA2a | 37100 2,63
Tropical (or subtropical) evergreen seasonal submontane forest -|) 11750 0,83

Broadleaved (P>2000 mm) YIA2b (1)

Idem - Broadleaved (1000 mm<P<2000 mm) ) 5140 0,36
Tropical (or subtropical) semievergreen lowland forest IA3a | 10430 0.74
(Mosaic of degraded formations) - (30930) (2,19
Tropical (or subtropical) evergreen seasonal submontane forest {)

(Needle~leaved - Podocarpus) )IA2b(2) 190 0,01
Idem (Needle-leaved - Araucaria) ) 940 0,07
(Mosaic of degraded formations) - (600) (0.04)
Tropical montane ombrophilous forest (with Podocarpus) IAlc 7660 0.54
Tropical ombrophilous cloud forest (with Podocarpus) IAle 1600 0.11
Tropical (or subtropical) montane evergreen seasonal forest ) 530 0.04

(with Podocarpus = 1500 mm <P < 2000 mm) ) IA2¢
Idem (with Podocarpus - 1000 mm<P< 2000 mn) ) 6500 | 0,46
Drought-deciduous montane (and cloud) forest IBIb 2490 0,18
(Mosaic of degraded formationg) - (10300) (0.73)
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) . Areas
Denomination Unesco/C.I.T.V. map Unesco in
code ([thousand Z
ha

Tropical riparian forest TALE 18300 1.30
Tropical ombrophilous swamp forest IAlg(1) 10570 0.75
Tropical ombrophilous swamp forest dominated by palms TAlg(2) 810 0,06
Mangrove IAS 4640 0.33
Tall grassland with woody broadleaved evergreen synusia VAl 60480 4,29
Tall grassland with palms ) VAL 23960 1.70
Tall flooded grassland with palms ) 5970 0,42
Tall flooded grassland ) VA 20420 1,45
Tall flooded grassland ("Pantanal'') ) 13220 0,94
Medium tall grassland with woody synusia VBI 133950 9,51
(Mosaic of degraded formations) - (19540)} (1.39)
Purely deciduous thorn forest (or woodland) I1/11C2b 4100 0.29
Sclerophyllous-dominated extremely xeromorphic forest

(or woodland) I/11C! 1790 0,13
Drought-deciduous broadleaved lowland (and submontane) forest

(or woodland) 1/IIBlal 35990 2.55
Purely deciduous thorn woodland and extremely xeromorphic (11C2b 660 0.05
woodland with succulents (11C3 *
Submont ane thorn woodland IIC2a 1150 0,08
Purely deciduous thorn woodland IIC2b 3750 0.27
(Mosaic of degraded formations) - (9500){ (0.67)
Semi-deciduous thorny forest with succulents I11IBI 55580 3,94
Drought-deciduous scrub without evergreen woody plants admixed I11B2 5200 0.37
Deciduous subdesertic shrubland without succulents IIIC2a 4000 0.28
Deciduous subdesertic shrubland with succulents I1IC2b 720 0.05
Deciduous subdesertic shrubland with or without succulents I1IC 1760 0.12
Dunes vegetation and thickets I1IC 3320 0.24
(Mosaic of degraded formations) - (12010){ (0,85)
Tropical (or subtropical) alpine bunch-grass vegetation generally

with a woody synusia ("paramo" and '"puna') \'{o}] 4010 0.28
(Mogaic of degraded formations) - (7560)| (0.54)
Other areas - 228100 | 16.19
Total area (of the 10 countries and territories of tropical

South America) - 1409390 |100.00
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Areas of vegetation types and mosaics for the 37 countries studied of tropical Africa
according to Unesco/AETFAT vegetation map of Africa at !/5 000 000 scale (compiled by

F. White).
. . Areas
Map code Denomination Unesco/AETFAT map in thousand y 4
ha
Forest
1 Lowland rain forest: wetter types (a) Guineo-Congolian
(b) Malagasy 115 810 5.29
2 Guineo-Congolian rain forest: drier types 70 915 3.24
3 Mosaic of ta and 2 16 000 0.73
4 Transitional rain forest 1 950 0.09
5 Malagasy moist montane forest 5 780 0.26
6 Zambezian dry evergreen forest 4 165 0.19
7 Malagasy dry deciduous forest 5 245 0.24
8 Swamp forest 26 685 1.22
9 Mosaic of 8 and la 20 500 0.94
Sub-total forests 267 050 12.20
Forest transitions and mosaics
1 Mosaic of lowland rain forest and secondary grassland
(a) Guineo-Congolian (b) Malagasy 206 015 9.41
12 Mosaic of lowland rain forest, Isoberlinia woodland
and secondary grassland 7 460 0.34
13 Mosaic of lowland rain forest, secondary grassland and
montane elements 1 750 0.08
14 Mosaic of lowland rain forest, Zambezian dry evergreen
forest and secondary grassland 4 640 0.21
15 West African coastal mosaic 740 0.03
16 East African coastal mosaic (a) Zanzibar-Inhambane
(b) forest patches (c) Tongoland-Pondoland 41 135 1.88
17 Cultivation and secondary grassland replacing upland
and montane African forest 2 285 0.10
18 Cultivation and secondary grassland replacing upland
and montane Malagasy forest 15 395 0.70
19 Undifferentiated montane vegetation (a) afromontane 49 605 2.27
(b) Sahelomontane (c) Malagasy
J = Juniperus procera forest, M = mixed forest
21 Mogsaic of Zambezian dry evergreen forest and wetter
miombo woodland 33 540 1.53
22 Mosaic of dry deciduous forest and secondary grassland ‘
- (a) Zambezian (b) Malagasy 53 775 2.46
416 340 18.01

Sub~total forest trangitions and mosaics
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Map code Denomination Unesco/AETFAT map , Areas Y4
in thousand
ha

Woodland
25 Wetter Zambezian miombo woodland (dominated by

Brachxstegla Julbernardia and Isoberlinia) 112 450 5.14
26 Drier Zambezian miombo woodland (dominated by

Brachystegia and Julbernardia 87 585 4.00
27 Sudanian woodland with abundant Isoberlinia 118 030 5.39
28 Colophospermum mopane woodland and scrub woodland 54 245 2,48
29 Undifferentiated woodland (a) Sudanian (b) Ethiopian

(¢) North Zambezian (d) South Zambezian (e) transition

to Tongaland-Pondoland bushland 177 650 8.11
30 Sudanian undifferentiated woodland with islands of

Isoberlinia 31 120 1.42

Sub-total woodland 581 080 26.54

Woodland mosaics and transitions
32 Jos Plateau mosaic 875 0.04
33 Mandara Plateau mosaic 740 0.04
34 Transition from South African scrub woodland to High-

veld grassland 7 060 0.32
35 Transition from undifferentiated woodland to Acacia

deciduous bushland and wooded grassland. (a) Zambezian

(b) Ethiopian (c) The Windhoek Mountains 43 555 1.99
36 Transition from Colophospermum mopane scrub woodland

to Karoo-Namib shrubland 6 050 0.28

Sub~total woodland mosaics and transitions 58 280 2.67
37 Acacia polyacantha secondary wooded grassland 1 615 0.07

Bushland and thicket
38 Evergreen and semi-evergreen bushland and thicket:

East Africa 24 200 1.11
40 Deciduous Itigi thicket 605 0.03
41 Deciduous Malagasy thicket 4 235 0.19
42 Somalia-Masai Acacia-Commiphora deciduous bush and

thickets 143 370 6.55
43 Sahel Acacia wooded grassland and deciduous bushland 81 600 3.73
44 Kalahari Acacia wooded grassland and deciduous

bushland 33 205 1.52

287 215 13.13

Sub-total bushland and thicket
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Areas
Map code Denomination Unesco/AETFAT map in thousand b4
ha
Bushland and thicket mosaics
45 Mosaic of East African evergreen bushland and
secondary Acacia wooded grassland 14 790 0.68
46 Mosaic of Malagasy deciduous thicket and
secondary grassland 2 890 0.13
47 Mosaic of Brachystegia bakerana thicket and
edaphic grassland 15 395 0.70
Sub-total bushland and thicket mosaics 33 075 1.51
49 Transition from Mediterranean Argania scrubland
to succulent semi-desert shrubland 605 0.03
Semi-desert vegetation
51 Bushy Karoo-Namib shrubland 23 795 1.09
54 Semi-desert grassland and shrubland: (a) Northern
Sahel (b) Somalia-Masai 157 890 7.21
56 The Kalahari/Karoo-Namib transition 12 975 0.59
Sub-total semi-desert vegetation 194 660 8.89
Grassland
59 Edaphic grassland on volcanic soils 1 950 0.09
60 Edaphic and secondary grassland on Kalahari sand 18 150 0.83
61 Edaphic grassland in the Upper Nile basin 14 250 0.65
Sub-total grassland 34 350 1.57
Edaphic grassland mosaics
62 With Acacia wooded grassland 18 150 0.83
63 With communities of Acacia and broadleaved trees 8 805 0.40
64 With semi-aquatic vegetation 17 815 0.81
Sub—-total edaphic grassland mosaics 44 770 2.04
Altimontane vegetation
65 In tropical Africa 2 690 0.12
66 In South Africa 135 0.01
Sub-total altimontane vegetation 2 825 0.13
Desert (67-73: Sahara; 74: Namib)
67 Absolute desert 99 345 4,54
68 Coastal desert (a) Atlantic (b) Red Sea 2 015 0.09
69 Desert dunes without perennial vegetation 20 435 0.93
70 Degert dunes with perennial vegetation 14 790 0.68
71 Regs, hamadas, wadis - 74 610 3,40
72 Saharomontane vegetation 1 145 0.05
74 The Namib desert 16 200 0.74
10,43

Sub-total desert

228 540
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Areas
Map code Denomination Unesco/AETFAT map in thousand z
ha
Azonal vegetation
75 Herbaceous swamp and aquatic vegetation 6 115 0.28
76 Halophytic vegetation 3 965 0.18
77 Mangrove 10 215 0.46
Sub-total azonal vegetation 20 295 0.92
Inland waters 18 821 0.86
Total 37 countries 2 189 531 100,00

Tropical Asia

We give here below the original English nomenclature for the main forestry formations
in Asia as these have been classified by Champion and Seth, van Steenis and Whitmore res-
pectively.

~ Champion and Seth classification

"Tropical wet evergreen forests”
"Tropical semi-evergreen forests"
"Tropical moist deciduous forests"
"Littoral and swamp forests"
"Tropical dry deciduous forests"
"Tropical thorn forests"

"Tropical dry evergreen forests"
"Subtropical broadleaved hill forests
"Subtropical pine forests"
"Subtropical dry evergreen forests"
"Montane wet temperate forests'
"Himalayan moist temperate forests"
"Himalayan dry temperate forests"
"Sub~alpine forests'

"Moist alpine scrub"

"Dry alpine serub"

- Classification by van Steenis

"Rain-forest"

"Dipterocarpus forest”
"Agathis rain-forest"

"Borneo ironwood rain-forest"
"Casuarina forest"

"Pinus forest"

"Freshwater swamp and peat forest"
"Sago swamp forest"

"Mangrove forest"

"Secondary forest"
"Savannahs"

"Mongoon (or seasonal) forest"
“Teak forest"
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~ Classification by Whitmore (based on van Steenis)
a) "Tropical rain forests"

"Tropical lowland evergreen rain forest"
"Tropical lower montane rain forest"
"Tropical upper montane rain forest"
"Tropical subalpine forest"

"Heath forest"

"Forest over limestone"

"Forest over ultrabasic rocks"

"Beach vegetation"

“"Mangrove forest"

"Brackish-water forest'

"Peat swamp forest"

"Fresh-water swamp forest"

"Seasonal swamp forest"

"Tropical semi-evergreen rain forest'

b) '"Monsoon forests'
"Tropical moist deciduous forest™

"Other formations of increasingly dry
seasonal climates"

1.1.2 Pregent situation of the woody vegetation

Present areas (end 1980 ~ tables 1) 1/

~ Table la: Areas of closed broadleaved forests (NHC).

The 23 countries of tropical America have more than 56% of the closed broadleaved
formations of all the 76 countries which cover a total area of | 160 million hectares.
Brazil alone has nearly 31% and the 10 countries and territories of tropical South America
(Bolivia, Brazil, Colombia, Ecuador, Guyana, French Guiana, Paraguay, Peru, Surinam and
Venezuela) more than 52Z. A quarter of the closed broadleaved forests are found in the
16 countries of tropical Asia and only 18X in tropical Africa.

The closed broadleaved forests that are unproductive either for physical reasons
(stand and/or terrain conditions) or for legal reasons (mainly forests situated in
national parks or equivalent reserves) are proportionately more widespread in tropical
Asia than in the two other regions. This reflects the fact that on the one hand the
lowland foreats have been, to a larger extent in this region, given over to other land
use and, on the other hand, that the reservation for purposes other than wood production
is more highly developed.

The undisturbed productive closed broadleaved forests, i.e. more than 60 to 80 years
of age and not disturbed by logging, cover a total area of nearly 670 million hectares of
which 68% are in tropical America (65% for the 10 countries and territories of tropical
South America), 187 in tropical Africa (nearly 17% for the Cameroon-Congolese forest mass
alone) and only 14% for tropical Asia.

1/ The results per region shown in the tables of this section, as well as those in sections
1.1.3 and 1.2 and 2 are those indicated for each region as a whole in the corresponding
technical reports and have not been rounded off for reasons of consistency between the
different reports. ’



- 43 -

The bighest proPortion'of productive closed broadleaved forests that are logged, or
managed, is ?learly‘ln tropical Asia (497 of the productive closed broadleaved forests) and
only 277 is in tropical Africa and 107 in tropical America.

The intensively managed closed broadleaved forests of the 76 countries as a whole only
represent 4.47 of the productive closed broadleaved forests. 787 of these are concentrated
in one country only (India), and only 8 other countries (1 in America, 4 in Africa and 3 in
Asia) have a more than negligible proportion of their closed broadleaved forests under in-
tensive management. Much progress still has to be made in this field to allow for a sus~
tained yield from the permanent productive forest estate in almost all the tropical countries,
The lack of knowledge of sylviculture and, more generally, in the manipulation of the very
complex tropical forest ecosystems, is often invoked as the main reason for the lack of
intensive management. If this were so, one would think that at least the homogeneous
tropical closed broadleaved forests - the stands of Campnosperma panamensis, Prioria
copaifera, Mora sp. etc. of Panama and Colombia, the pure stands of Gilbertiodendron dewevrei
and other Caesalpiniaceae in Central Africa, etc. - or the coniferous forests, or again the
majority of the open woodlands, would be the object of intensive management. If an excep-
tion is made for the 16% of productive coniferous forests that are actually managed (three
quarters of them situated in a single country) and some very rare mangroves and open wood-
land formations, it can be said that the homogeneous tropical forests as a whole are no more
managed than more mixed formations. The main reasons for non-management of tropical
forests should, in fact, be seen as lying elsewhere than in the strict domain of sylviculture.

One category of closed broadleaved forest merits particular attention, partly because
of its products but especially for the particular services that it renders. The category is
that of the mangroves which are, unfortunately, for the most part, subject to degradation and
elimination processes especially through over-logging for firewood and small wood and for
the extraction of tannin. The following table gives the estimated areas by region and

sub~region:

Areas of mangroves at the end of 1980
(in thousand ha)

Region/sub-region Areas Region/sub-region Areas
Central America and Mexico 1485 East Africa and Madagascar 916
CARICOM 236 Tropical South Africa -
Other Caribbean 597 Tropical Africa (37 countries) 3402
Tropical South Latin America 3463 South Asia 850
Tropical America (23 countries) 5781 Continental Southeast Asia 1125
Northern Savanna Region 229 Insular Southeast Asia 3421
West Africa 1650 Centrally planned tropical Asia 330
Central Africa 607 Papua New Guinea 553

Tropical Asia (16 countries) 6279
Total (76 countries) 15462

For some countries it is difficult to know if the areas mentiomed in the documents
studied correspond to mangrove stands themselves or if they refer to the surface of the
geographic zone of mangroves which includes areas that are w1th09t trees or even shrubs
(herbaceous formations or denuded saline zones). Whenever possible an attempt was ma?e
to estimate the actual areas covered by tree or shrub'formations, but, f?r some countries,
it has only been possible to provide estimates referring to the geographic zone of



Table la - Areas of natural woody vegetation estimated at end 1980
Closed broadleaved forests (NHC)
(in thousand ha)

Productive Unproductive All Forest
unmanaged managed total physical legal || total NHCE Fallow
Region undisturbed | logged reasons reasons total 7z
over
NHCfluv NHCfluc | NHCflm NHCf1 NHCf2i NHCf2r || NHCf? NHCa
Tropical America
(23 countries) 452976 53487 14 506477 133543 13906 {|147449 || 653926 | 56.36 99338
Tropical Africa
(37 countries) 118180 41853 1713 161746 43639 9018 || 52657 |{ 214403 18.48 61631
Tropical Asia
(16 countries) 97259 58422 36193 191874 83617 16460 100077 |{ 291951} 25.16 67246
Total (76 countries) 668415 153762 37920 860097 260799 39384 }|300183 {{1160280i100.00 228215
Table Ib - Areas of natural woody vegetation estimated at end 1980
Coniferous forests (NS)
(in thousand ha)
a1
Productive Unproductive All Forest
unmanaged managed total physical legal total NSf Fallow
Region undisturbed | logged reasons reasons total 4
over
NSfluv NSfluc NSflm NSf1 NSf2i NSf2r NSf2 NSa
Tropical America
(23 countries) 1531 13135 508 15174 9395 160 9555 24729 72.19|1 9274
Tropical Africa
(37 countries) 270 295 20 585 425 110 535 1120 3.27 15
Tropical Asia
(16 countries) 1774 945 2887 5606 1710 1090 2800 8406 24.54 962
—H-
Total (76 countries) 3575 14375 3415 21365 11530 1360 12890 34255 100.00}| 10251

- hy -
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mangroves, which causes a certain lack of consistency in the estimates. The estimates for
areas of African mangroves are more precise, as more information is available. On the
otheF hand estimates for Brazil and Indonesia (which between the two of them possess around
a.thlrd of the total mangrove area of the 76 countries studied) are very approximate and
will have to be reviewed. Some mangroves are included in management plans in several
tropical Asian countries, e.g. India and Indonesia.

.Fal}ows of closed broadleaved forests (NHCa) - i.e. the complex of areas of shifting
cultivation and of the various types of secondary forest regrowth - cover an additional
area equivalent to nearly 207 of the total area of closed broadleaved forests not affected
by agriculture. In certain countries and sub-regions (West Africa, Indo-China) these
forest fallows cover an area that is around the same size, or greater, than the remaining
forests. These 230 million hectares are quite important for both production (in the
framework of agro-sylviculture management) and conservation since they provide a tree and
shrub cover for the soil.

~ Table Ib: Areas of coniferous forests (NS§)

To simplify, one could say that three-quarters of the 34 million hectares of
(predominantly) coniferous forest in the 76 tropical countries studied are to be found in
tropical America and the remaining quarter in tropical Asia, with some limited areas in
East Africa. It is important to stress, however, that around 70% (24.5 million hectares)
of these coniferous forests are to be found in the sub-temperate and temperate zones of
Mexico (temperate pines), Southern Brazil (stands of Araucaria angustifolia) and the
Indian sub-continent (Pakistan, India, Nepal, Bhutan and Burma). The true tropical coni-
ferous forests, particularly the tropical pine stands of Mexico, Central America, the
Caribbean, the stands of Podocarpus in the Andes and Africa and the Pinus merkusii and
P. kesiya of South East Asia, only represent 9.8 million hectares overall, or about 307
of the coniferous forests of the 76 countries.

The proportions of productive and unproductive forests are similar in tropical
America and tropical Asia, i.e. around 657 for the former and 357 for the latter. It can
be seen, however, that around 137 of the Asian coniferous forests are to be found inside
the national parks and equivalent reserves, while there are practically none of these in
the case of tropical America. On the other hand, the proportion of coniferous stands
that are unproductive for physical reasons is much greater in the latter region.

Undisturbed productive stands, i.e. that have not been logged for at least the last
60 to 80 years, only represent one-sixth of the productive forests (this proportion is four
and a half times greater for closed broadleaved forests). Only 10% of the productive
coniferous forests of tropical America are undisturbed as against nearly a third in

tropical Asia.

16% of productive coniferous forests are under intensive management, i.e. a much
higher proportion than that for closed broadleaved forests. These intensively managed
forests are mostly found in India, and to a lesser extent in Honduras, Nicaragua, Cuba

and Kenya.

Fallows of coniferous forests (NSa) are situated mostly in tropical America. This
category includes significant areas of coniferous forests.degraded by fire, overexPloita—
tion and overgrazing which makes the division between coniferous forests unproductive
because of stand characteristics, (part of NSf2i), and NSa areas, a little arbitrary.

-~ Table lc: Areas of bamboo forests (NHB)

When analyzing the figures in table lc it is imPortanF to bear in mind the difficul-
ties of estimating bamboo forest areas, already mentioned in paragraph 2.1.5 of chapter
II. The bamboo forests of tropical America should not cover a greater area than th?t for
Africa (i.e. it should not be more than | million hectares approximately) but essential



- 46 -

data are lacking for us to even provide an order of magnitude. The majority of bamboo
forests in the tropical world are concentrated in continental Asia (particularly in India
~ }.4 million ha, -~ Viet Nam ~ 1.2 million ha ~ and Thailand - 0.4 million ha), The Asian
bamboo trees are used for a multitude of industrial and domestic purposes, including the
manufacture of pulp (India, Viet Nam). 640 000 ha of productive bamboo forests are
subject to management plans in India.

- Table 1d: Areas of closed broadleaved, coniferous and bamboo forests (N.f)

This table is a recapitulation of the three previous ones. Cloge to 97% of the
1 201 million ha of closed forest formations not affected by agriculture (NHCf + NSf +
NHBf) are closed broadleaved forests (NHCf) and only 2.85% are coniferous forests (a little
more than 0.82 of tropical coniferous forests, and a little less than 2.05% of coniferous
forests found in temperate and sub-temperate climates). Because of the predominance of
closed broadleaved forests table 1d shows practically the same characteristics as table la
and the remarks to be made are also similar.

This table gives supplementary information on the rates of closed forest cover not
affected by agriculture, It can be seen that the rate is around 25% as compared to the
total area of the countries studied, 40% for tropical America, 10% only for tropical Africa
and merely a third for tropical Asia. The rates corresponding to productive closed
forests alone are 18% for the whole of the 76 countries studied, 31% for tropical America,
7.5% for tropical Africa and 17% for tropical Asia. These levels, of course, vary from
one extreme to another depending on the country and the sub-region being considered. The
lowest rates of closed forest cover are to be found:

- in Haiti (1.73%), Jamaica (5.87%) and El Salvador (6.72%) in tropical America, and,
to a lesser extent, in Cuba (12.71%) and in the Dominican Republic (13.00%Z), all
countries where a high density of population has brought about a considerable red-
uction in the original forest cover, in spite of the favourable climatic conditions
for the development of tropical forest;

- in the African countries that are situated mostly or entirely in the dry or sub-
humid areas not suitable for the development of closed forests and liable to be
affected by fire (countries of the Sahel, Angola, Central African Republic, many
countries in the sub-region of "East Africa'" where the average rate is only 2.8%)
and in certain countries of West Africa, (Ghana, Togo, Benin and Nigeria) where
the strong pressure of population growth has caused most of the closed forests to
disappear;

- the heavily populated countries in the sub-region of "Southern Asia'", especially
Bangladesh (6.49%), India (15.77%7), Nepal (13.73Z) and Pakistan (2,72%), the latter
country suffering also from arid conditions over a large part of its territory.

The countries with the highest closed forest cover rates are:

- in tropical America, — the Guyanas (Guyana: 85.94%, French Guiana: 97.80% and
Surinam: 90.53%), Bellze (58.95%), Peru (54.22%), Panama (54.03%) and Ecuador
(52.65%);

-~ in tropical Africa - five countries in the centre of the continent, i.e. Gabon
(76.53%), Congo (62,40%), Equatorial Guinea (46.97%), Zaire (45.06%) and Cameroon
(37.69%), stand out above all the others;

-~ in tropical Asia: the countries of the sub-region of insular South-East Asia,
(with the exception of the Philippines), where the average rate is 56.63%, Pnpua
New Guxnea (74.14%), Burma (47.17%), Bhutan (45.05%) and Knmpuchea (&1, 692). ‘



Table lc - Areas of natural woody vegetation estimated at end 1980
Bamboo forests (NHB)
(in thousand ha)

Productive Unproductive All Fallows
unmanaged managed || total physical legal total NHBf
Region undisturbed | logged reasons reasons total %
NHBf luv NHBf luc | NHBf Im NHBf 1 NHBf2i NHBf2r NHBf2 NHBa
Tropical America
(23 countries) 1/ ind. ind. ind. ind. ind. ind. ind. ind.
Tropical Africa
(37 countries) e 700 2 702 208 201 409 1111 17.74 2 14
Tropical Asia -
(16 countries) 2319 480 710 3509 1608 36 1644 5153 82.26 EA 1017
Total (76 countries) 21 2319 1180 712 4211 1816 237 2053 6264 |100.00 1017
ind. = indetermined
1/ 1t has not been possible to assess the areas of bamboo forests in tropical America which have probably, for a large
part, been included in the closed broadleaved forest formations (NHC)
2/ Excluding the bamboo forests of tropical America the areas of which are unknown.
Table Id - Areas of natural woody vegetation estimated at end 1980
Closed broadleaved, coniferous and bamboo forests (N.f)
(in thousand ha)
Productive Unproductive All
unmanaged managed|] total || physical legal total N.f Z
Region undisturbed | logged reasons reasons total 4 (lands)
N.fluv N.fluc N.flm N.fl N.f2i N.f2r N.f2
Tropical America
(23 countries) 454507 66622 522 11521651 142938 14066 157004]| 678655} 56.52 40.40
Tropical Africa
(37 countries) 118459 42848 1735 }1163033 44272 9329 53601}l 216634 18.04 9.89
Tropical Asia
(16 countries) 101352 59847 39790 {1200989 86935 17586 104521{f 305510| 25.44 32.33
Total (76 countries) 674309 169317 42047 1|885673 274145 40981 315126]{1200799}100.00 24,94

_Li7-
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~ Table le: Areas of open broadleaved forests (NHc/NHO)

Two thirds of the 734 million ha of open (tree) formations not affected by agriculture
are found in tropical Africa and close to 307 in tropical America. In Africa these for-
mations which are mostly woodlands ("for€ts claires"), wooded savannas and tree savannas
of the inter-tropical zone around the Western and the Cameroon-Congolese blocks of closed
humid forest, cover an area that is more than twice that of the latter. These mixed
forest-grassland formations provide the local populations with a large number of products
and services, particularly firewood, wood for domestic uses and grazing for their herds.

The open forest formations of Brazil, (of '"cerrado" especially), and the Paraguayan
and Bolivian "Chaco" formations together cover close to 95% of the total area of these

formations in tropical America.

The area of open tree formations in tropical Asia has probably been somewhat under-
estimated due to the fact that a part of the tropical dry deciduous forests, (as they are
termed by Champion and Seth), undergoing a variety of degradation processes, have been
classified as closed forests when they could have been considered as mixed forest-
grassland tree formations subject to fire in the same way as the woody formations of the
African savannas.

Around half the open tree formations are unproductive for physical reasons, (NHc/
NHO2i), while around 6% are to be found inside national parks or equivalent reserves
(NHc/NHO2r), almost all in Africa. Because climatic conditions are, on the whole, more
favourable in tropical America than in tropical Africa, about two thirds of the open tree
formations in the former region are productive (NHc/NHO1) while this proportion is the
other way around in the serond region. Very few of these productive open tree formations
are intensively managed in the sense used in this study.

- Table I1f: Areas of all woody formations (N+n)

This table gives the total areas of closed and open forest formations as well as the

corresponding fallow areas. It also includes the estimates of areas of shrub formations
(n) the accuracy of which is generally lower to that corresponding to tree formations.
An indeterminate proportion of '"n" areas is affected by agriculture. All categories

together (N4n) represent the total woody cover whether affected by agriculture or not.

The tree cover not affected by agriculture (N.f+NHc/NHO) is what corresponds closest
to the idea of "forest" as it is generally understood., It represents a total area of
1935 million ha approximately and close to 50% of these are to be found in tropical
America, with the rest in Africa and Asia in the proportion of two thirds in the former
and one third in the latter. ‘

It is interesting to examine in more detail the percentage it represents at the level
of regions, sub-regions and countries (designated under the name "rate of forest cover"),

- The rate of forest cover is more than 50% in tropical America while it is around
one third in the two other regions. On the whole 40% of the total area of the 76 coun-
tries studied is covered by tree formations not affected by agriculture.

- 1In tropical America only the sub-region "Central America and Mexico" has a rate
that is less than 50% (277), due in large part to the wide arid and semi-arid spaces in
Mexico that are without any tree vegetation. On the opposite side this rate is only
exceeded in the sub-regions of "Central Africa" and "Ingular South-East Asia" in the two
other regions. The sub-regions of the Sahel and Southern Asia have the lowest rates
(10,31% and 14,382 respectively).
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- The countries with the highest rates of forest cover are the following:

¢ 1in tropical America: French Guiana (98.35%), Surinam (93.82%), Guyana (86.04%),
Paraguay (74.57%, mainly open tree formations), Belize (62.30%), Bolivia (60.77%)
and Brazil (60.44%, i.e. 57.47 of the tree cover of tropical America and 26.6% of
the total tree cover of the 76 countries studied);

o 1in tropical Africa: Gabon (76.87%), Zaire (75.69Z, i.e. 25.3% of the tree cover
of tropical Africa and 9.27 of the total tree cover of the 76 countries studied),
and Congo (62.407);

. in tropical Asia: Papua New Guinea (82.68%), Kampuchea (69.86%), Malaysia
(63.49%), and Indonesia (60.91%, i.e. 34.7% of the tree cover of tropical Asia
and 6.07 of the total tree cover of the 76 countries studied);

~ 3 countries out of the 76 studied (Brazil, Zaire and Indonesia) represent by
themselves alone 41.87 of the total tree cover. 1f we add Peru (70.55 million
ha), Bolivia (66.76 million ha), India (57.23 million ha) and Angola (53.60
million ha), these 7 countries possegss 54.67 of the total tropical tree cover not
affected by agriculture.

- The countries with the least tree cover are:

o 1in tropical America: Haiti (1.73%), Jamaica (5.877), El1 Salvador (6.72%), Cuba
(12.717%) and the Dominican Republic (13,007);

« 1in tropical Africa: Burundi (1.47%), Niger (2.29%), Kenya (4.05%), Mali (7.31%),
Rwanda (8.737), etc.;

o 1in tropical Asia: Pakistan (3.037), Bangladesh (6.21%7), Nepal (12.03Z) and India
(17.197%).

-~ As already mentioned in the comments on table 1d, some of the above countries )
owe their poor forest cover to the existence of arid conditions on a large part of their
territory (Niger, Mali, Pakistan). On the other hand, the low level of forest cover in
other countries is a direct result of considerable population pressure which, in some
cases, is combined with wasteful agricultural practices.

Forest ownership

——— — —— V_—— t— —

The following is a summary of the main points indicated in the regional syntheses
concerning the systems of forest ownership.

a) Tropical America )

The situation regarding the ownership of forests is not very cleaf in many gountries
of tropical America even when laws and regulations concerning this subject do exist. In
most countries, it is only possible to know‘very ap?rox1mate1y the areas of each Fategory
of forest ownership and the corresponding figures differ greatly depending on their

source.

u and Bolivia, nearly all the forest areas are state pro-
pertyrzlzgiuzﬁfeznczzzn;:;tpszmed country, it is known that there are for?st lands ?elong-
ing to private persons or to agricultural cgopgratlves, contrary to what is s?ated in the
forestry laws of the country. The vast majority 9f forests fmore than 802).13 ;tate )
property in Brazil, Colombia, Venezue}a, the Dominican Republlg, Panayaiand 1ndt ebcou?
tries that were previously under British control (Belize, Jamaica, Trinidad and Tobago).



Table le - Areas of natural woody vegetation estimated at end 1980
Open broadleaved forests (NHc/NHO)
(in thousand ha)

Unproductive
Product- | Physical Legal Total ALL Fallows
. . NHc/NHO
Region ive reasons reasons total Z
NHc/NHO! | NHc/NHO2i NHc /NHO2r NHc/NHO2 NHc /NHOa
Tropical America
(23 countries)l/ (142887) (71990) 2120 (74110) (216997) (29.55) (61650)
Tropical Africa
(37 countries) 169218 275252 41975 317227 486445 66.24 104335
Tropical Asia
(16 countries) 8530 21813 605 22418 30948 4,21 3990
Total (76 countries) 320635 369055 44700 413755 734390 100.00 169975

1/ It was possible to get the breakdown of the areas of open tree forest formations into the different

T sub-categories (productive, unproductive, fallows) for Brazil, Bolivia and Paraguay which, between

them, represent 94.9Z of these areas overall for tropical America. The figures in this line, indicated
in parentheses, are extrapolations to the region as a whole of results found for these three countries
taken together (extension factor=z1.05).

Table 1f - Areas of natural woody vegetation estimated at end 1980
All formations
(in thousand ha)

Tree formations Fallows of Shrub Woody formations and
. All (N.f+NHc/NHO) tree formations| form- fallows (N4n)
Region .

closed open total 7 Z closed open Jjations z

N.f NHc /NHO " (lands)|| N.a NHc/NHOaj| n total A (lands)
Tropical America
(23 countries) 1/ 678655 | (216997)|1(895652) | (46.28) | 53.32 || 108612 (61650)}|145881 |]1211795 | 40.82 | 72.15
Tropical Africa
(37 countries) 216634 486445 703079 36.33 32.11 61646 | 104335 {|442740|}1311800 | 44.19 | 59.91
Tropical Asia
(16 countries) 305516 30948 336458 17.39 35.61 69225 3990 35503 445176 14.99 | 47.11
Total (76 countries)} 1200799 734390 }j1935189 100.00 40,20 }} 239483) 169975 |624124 (12968771 | 100.00 | 61.67

- 0¢ =~

lf See footnote l/ at the bottom of table le for what regards the areas of open broadleaved forest formations.
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The public forest lands ("baldios") make up from O to 807 of the forest lands in the coun=-
tries of Central America (except for Panama), Cuba, Haiti and Ecuador and a particularly
small amount of forest lands in Mexico and El Salvador. The ownership of communal lands
or "ejidal" is important in Mexico (around 50% of all the forest areas) but does not seem
to be an important factor in the 22 countries. Private ownership accounts for almost

all the forests in El Salvador and Haiti, two thirds or more of those in Paraguay and a
significant proportion of those in the countries of Central America except for Panama.

It is interesting to note that in countries where there are important areas of coniferous
forests (Mexico, Central America and Brazil) these are, to a considerable extent, owned by
private persons, while the broadleaved forests are public.

b) Tropical Africa

In tropical Africa forest ownership and conditions of usage are sometimes fairly
complicated. It is not always easy to determine what is encompassed in usage rights and
who can exercise them, because of the superimposition of written law introduced by
colonial administrations. Customary rights are generally related to hunting, gathering
of vegetable or animal products, utilization of fuelwood, and wood material for building,
shifting cultivation and, in some countries, grazing. These usage rights are regulated
by local authorities or headmen who are responsible for the implementation of limiting
principles of rights by families giving full respect to collective interests and to the
conservation of natural resources for future generations, This customary law was perfect-
ly suitable to the use of natural resources within the framework of a subsistence and

barter economy.

Symbiosis between customary and written laws has been different in English-speaking
and French-speaking countries of Africa. Forest laws adopted by the former British
administration had often recognized the claims of local populations to forest ownership.
For instance, in Ghana, forests were declared property of the traditional communities.

In Nigeria many forests were established as communal forests and forests belonging to the
State could only be gazetted as State forests after local representatives had been con-
sulted. In Malawi 822 of the forests are the property of traditional communities
(customary lands) and State forests were created only with the agreement of local tradi-
tional authorities. Some of these community or communal forests were declared forest
reserves with the consent of local representatives, becoming part of the permanent forest
estate of the country without their ownership status being altered. .

In French-speaking Africa, forest law was based on the principle of Roman legislation
according to which any unoccupied land where existence of written ownership documents could
not be proved, belonged to the State.  All foresF lands were thys declared State property,
although local populations exercised many usage rights.  For this reason there was con-
tradiction between the oral customary law and the written regulations of the forest law,
which explains the reluctance of populations tow§rds the delineation of Feserved forests.
After Independence, French-speaking countries tried to amend Fhe regulations on forest
ownership but, as a general rule, the legislative texts creating canton forests (Gabog),
community forests (Ivory Coast) or communal forests were no? app}léd, which rgsulted in
the maintenance of the status quo, the whole forest area being, in fact, considered as a

State property.

which is formed by the union of two parts formerly under British and

In Cameroon, C . S : . .
French administrations, the evolution of ownership status 1s particularly interesting.

Forest law adopted in 1974 distinguishes between:
- domanial forests: forests reserved for the State;

- public community forests: surveyed forests for which exploitation dues are given

to communities;
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- private forests: forests planted or to be planted by individuals;

- other forests: forests belonging to the "national collective patrimony'", which are
managed by the State, usage rights being exercised by local populations but regula-
ted by the State.

Private ownership of forest lands is generally limited in tropical Africa. It
practically does not exist in French-speaking countries but is more extensive in English~
speaking countries, particularly in Southern Africa (Zambia, Zimbabwe and Botswana).

Governments issuing from socialist revolutions have conducted more or less complete
nationalization of rural areas, including forests. This has only had a real effect in
Ethiopia where half of the forests belonged to private feudal owners; in the present
system all forests are nationalized but those of less than 800 ha are managed by peasant
agsociations. In Madagascar the few private forests, granted in the colonial period, are
reverting to the State. In Congo, regulations concerning private and communal forests
which had been maintained in the forest law until 1973, have been abolished; all forests
belong to the State.

c) Tropical Asia

In several countries in the region recent political changes have had their effect on
forest ownership pattern. The overall result has been a marked increase in forest land
under the direct ownership, control and management of the State. Private ownership,
ownership by corporations, communities, trusts and temples and other forms also do exist.
Even where the ownership is essentially with the government, differences in the degree
of control exercised and the agency exercising control can be recognized.

In the region as a whole between 80 to 907 of the forest area is state owned and is
controlled and managed by the forest departments. On such lands the forest department is
responsible for the administration and management of all timber resources, forest law
enforcement and forest revenue collection. The process of state control over forest
lands was gradual and took place mostly in the last 30 years.

In the south Asia countries (e.g. India) before they emerged as independent nationsg
many forests were owned by princely states or under the ownership of private individuals.
Over the years private ownership was abolished by legislation. The last in the line of
these enactments in India was the "Kerala Private Forests (Vesting and Assignment) Act,
1971",  Similar measures were taken in the other countries and control and administration
of forest lands was generally vested with the forest departments. There are however,
instances where state owned forests are under the control of other departments. For
instance, in Sri Lanka forest areas under wildlife reserves and sanctuaries are under the
control of Wildlife Conservation Department, Ministry of Tourism and Shipping.

In the Philippines certain types of forest land are classified as alienable and
digposable and their administrative jurisdiction is transferred to the Bureau of Lands
for disposition in accordance with the provisions of the Public Land Act.

In the centrally planned countries of continental southeast Asia, all forests are
state owned and administered by the forest departments.

In recent years semi-autonomous corporations and state forest enterprises were
created in several countries and states of the region which share the administrative and
management responsibilities with the forest departments, e.g. forest development corpora-
tions; state timber corporations; state enterprises in India, Bangladesh, Sri lanka,
Burma, Thailand, Lao, Viet Nam, Indonesia, Sabhah etc.
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In some countries of the region the ownership of small areas of forests is vested
in local bodies. In Nepal "panchayat" forests and "temple forests" still exist. In
PakisFan forest areas around urban centres are under the ownership of cantonments and
municipalities. In Kampuchea some 20 000 ha of forest area was reported to be under
the control of municipalities,

Forests of Papua New Guinea are not owned by the government but by the clans and
tribes, as in most countries of the Pacific. In 1974 a mere 89 000 ha were state owned
and even this was contested by the people. The government has to negotiate with the
clans and tribes for the right to use forest resources. At the end of 1976, under the
Forest Act 1936, government purchased timber rights on some 2.2 million ha from the com-

munities, under the "Land Groups Act of 1974". There are provisions to recognize clans
as cooperatives and the '"Land Disputes Settlement Act" provides for settlement of disputes
relating to land ownership including forest land. Under the Forest Act of 1971, in

declared "local forest areas” timber owners can directly deal with the logging companies
under Forest Act 1937; land owners may sell small quantities of timber up to approxi-
mately 50 m3,

Relatively small areas of privately owned forests are still existing in the countries
of the region; often they are scattered and in the process of conversion to other forms
of land use. In India due to historic reasons (princely estates) and the gradual imple-
mentation of land reform, it is estimated that close to 940 000 ha of private forest lands
(whether covered by forest or not) are still remaining. In Sri Lanka under Land Reform
Acts of 1973 and 1975, all private forests of over 20 ha have been nationalized. In
Pakistan private forests owned by individuals or by communities are mainly found in the
hill region. In Bhutan small areas allotted to individuals for orchard purposes still
have forest growth. However, under the Bhutan Forest Act of 1969, the right to absgolute
ownership of timber and forest produce or private lands has been reserved by the govern-

nent.

a) Tropical America

The denominations used for the different types of reserved zones in which forests
may be found are many, but they can be classified under a reduced number of legal

categories.

There are forest areas reserved fo; the production, (present or future), of wood such
as the "reservas forestales de produccion” (production forestry reserves) or '"reservas
forestales de inmovilizacion" (forest stock reserves) in Bolivia, the "unidades forestales
industriales permanentes" (permanent industrial forestry units) in Ecuador, the "regerva
de Olancho para pulpa y papel” (Olancho reserve for pulp and paper) in Honduras, the
"florestas nacionais" (national forests) of Brazil, the "production reserves' of the
countries previously under British domination.  The foFests.are situated in the i?ter%or
of the zones destined for land and water conservation, 1n whlch'gorestry exp}OLtatlon is
forbidden either totally or in part, called "bosques ?e proteccidn' (prote?t1on goFests)
in Peru, ''reservas forestales de protecci6n" (protection foresg reserves? in Bollv1§ or
“"gonas de proteccién forestal” in Mexico or "zongs protectoras (pr9tect1on zones) in
Costa Rica. There is also a whole group of national pgrks and equxxalent reserves in
nearly all the countries gtudied and which go undernyarlous names: égea n§c1onal de
recreacidn" (national recreation area) in Ecgador, area nﬁtural {inica (unlaue nﬁtural
area) in Colombia, "parques nacionales' (national parts), "parques naturalﬁs‘ or "nature
park" in Surinam, (natural parks) "reservas naturales" or nﬁture reserves” in Surhnam,
(natural reserves), "santuario de flora" fflorg saﬂctugry),. santuarios nacionales
(national sanctuaries), and "santuarios hist8ricos (hlst?t1c gancsuaﬁlgs). etc. . Some of
these have a scientific character such as the "fesetvas.b1016§1cas » "cientificas",
"ecolégicas", "reservas de la biosfera"'(blologlcal, scientific, ecolggzcal, biosphere
reserves); others are more concerned with the protection of fauna: refugios de vida



- 54 =

silvestre" (forest wildlife refuge) in Bolivia, "reservas de produccidn faunistica"
(wildlife production reserves) in Ecuador, or "wildlife reserves" in Trinidad and Tobago,
"gantuarios de fauna" (fauna sanctuaries). For the region as a whole, it has been
estimated that the areas closed to logging, (the vast majority of which is situated in
the national parks and equivalent reserves), are 13 906 000 ha of closed broadleaved
forests (NHCf2r), 160 000 ha of coniferous forests (NSf2r) and 2 120 000 ha of open tree
formations (NHc/NHO2r), that is to say, a total of 16 186 000 ha, or only 1.8Z of these
formations as a whole (the proportions are 2.17 for closed forests and !.07 for open

tree formations).

b) Tropical Africa

The conflict between agricultural activities (traditional and modern) and forest
activities was solved in different ways by the old colonial administrations whose admin-
istrative regulations are still valid, at least partially, in many countries. In the
French and Belgian colonies forests were gazetted. These gazetted forests ('"foréts
classées') were delineated after an administration procedure had recognized that they
were not needed for uses other than forestry and that they were free from customary
rights hindering their existence. In principle, agriculture was strictly prohibited in
these gazetted forests and they could not be encroached on without a prior procedure of
degazetting. In many cases, however, these gazetted forests were little respected by
the local population and because of the small number of staff and poor means at the
disposal of the forest services, a laxity often developed vis-a-vis these illegal
clearings. Partial and often complete degazetting of forests were then carried out
(e.g. in Ivory Coast). It must be recognized, however, (particularly in woodlands and
wooded savannas) that these forests, despite encroachments, were relatively more res-
pected than the non-gazetted ones and often form, at present, the core from which a
permanent forest estate can be built up. These gazetted forests did not differ from
the other forests, generally referred to as 'protected forests" for what regards logging
for sawlogs and veneer logs and wood for industry and the same general forest regulations
had to be followed. However, in some countries, such as Senegal and Togo, logging was
totally forbidden in those forests where there was no felling plan.

All other forests were called "protected forests”". The term 'protected'" means that
uncontrolled clearings and unauthorized logging are forbidden. It is only after techni-
cal planning, and as a result of administrative and legal action, that a decision is
taken on whether a protected area will remain forested or whether it will be partly
assigned to other uses and particularly to agriculture. The word "protected" implies
also in principle the regulation of customary rights which the population could otherwise
exercise without restraint. In reality, however, this was never done in protected
forests and the only regulations that were applied were those related to logging.

In the British colonies there were gazetted forest reserves. In these forests any
person or community which previously had rights on this land or on the forest products can
continue to use them. In the unreserved areas any person or community can fell and use
trees (except those of protected species) for the following needs: handicraft, art,
furniture, wood for domestic and agricultural needs, clearing for cropping (with special
authorization) and building of fences for cattle. Besides the reserved forests, there
were often "protected forests'" which were delineated with the essential objective of
protection but where logging was not necessarily completely forbidden (e.g. Sierra
Leone). Finally, the regulations in English-speaking countries mention almost always,
under the denomination of "salvage logging areas', those forests which have to be logged
before being alienated to other uses and in particular to agriculture.

In the former Spanish and Portuguese colonies the status of the forest lands is less
elaborated, 1In some countries there was no reservation or gazetting (Equatorial Guinea
and Guinea-Bissau); in others the actions of gazetting never went beyond the phase of
surveying (Angola and Mozambique).
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In the oldest independent countries (Liberia and Ethiopia), the delineation of a
public forest estate is very old. In Liberia there are 14 "national forests" which cover
more th?n 80X of existing forests., These forests are practically uninhabited. Their
boundaries have been marked and are, in principle, constantly maintained and controlled
by forest guards and patrolmen. In principle they are intended for forest management .

In Ethiopia, about half of the closed forests were already State forests before the 1975

Revolution. Since then new State forests have been delineated and this should be carried
out in all forests of more than 800 ha.

A certain number of countries have amended their forest laws since their Independence
in order to obtain a practical and consistent classification of forest land use, which is
an essential component of a national forest policy. In all countries the will exists
for the creation of a permanent forest estate., Present regulations for the creation of
permanent forests are, however, often too difficult to implement and, when this is possi-
ble, the forest services still face the problem of obtaining the means necessary for the
protection and development planning of these forests.

For what regards national parks and integral reserves where logging is completely
prohibited, the total areas for all the countries of Africa are: 9 018 000 ha in closed
broadleaved forests (NHCf2r), 110 000 ha in coniferous forests (NSf2r), 201 000 ha in
bamboo forests (NHBf2r) and 41 975 000 ha in mixed forest-grassland formations (NHc/NHO2r),
i.e. a total of 51 304 000 ha of tree formations. Thus only 4.2% of the closed broadleaved
forests are included in the national parks of which close to two thirds are in Zaire alome.
These percentages on the other hand rise to 8% for open tree formations, which is a very
high proportion as compared to the two other regions which overall have 15 times less open
tree formations in the national parks and equivalent reserves. In total, 7.3% of the
tree coverage of tropical Africa is within national parks and equivalent reserves.

¢) Tropical Asia

(i) Statutory classifications have been drawn up which differentiate by the rules
and regulations concerning access to the forests. Although the names vary from one
country to another, it is possible in general to distinguish the following categories:

- forest reserves: these are usually well defined, demarcated and legally constitu-
ted under the total control of the forestry departments. In this class of
forests, all acts of felling, collection of forest produce, grazing and even
trespassing are prohibited unless expressly permitted by law. These reserves are
particularly numerous in the countries of South Asia and in Burma, Thalland!
Malaysia and Brunei. In South-East Asia, this category does not apply strictly
either to Indonesia or to the Philippines. The proportion of areas represented
by these reserves is about half the forest lands of India and Bangladesh. Im
Burma, 14% of the total land area of the country is under reserved foregts, In
Thailand, about 15 million hectares have been reserved. In Sabah, 37% of total
forest area is reserved, in Sarawak it is only 8%. In Kampuchea scme 30% of the

State forests was reserved in 1970;

- protected forests: they are similar to forest reserves in that they are demarcated
and notified and are under the control and management of forest departments.
However, the degree of control exercised on them is of a low order and generally
villagers in the proximity of these forests have the rights to grazi?g and procure-
ment of forest produce (small timber, dry fuel, fodder, etc) for their own con-
sumption. In south Asia countries (except Nepal) and in Burma forests classified
as ‘'protected" in the sense mentioned above are widely prevalent;
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- unclassed forests: forest lands which are publicly owned but where the legal
status is not well defined fall into this category, more particularly in south
Asia.

The above groupings are not strictly applicable to all the subregions/countries in
the region. In Nepal the classification places greater emphasis on management than in
other countries: protection forests, production forests, special forests, limited use
forests, alienable forests, etc. In the Philippines the legal classification is into forest
lands and those which are alienable and disposable. In Indonesia where according to the
"Basic Forest Act'" of 1967 government exercises substantial control over public forests
and private plantations, only a functional classification of forest lands has been intended
but not completed yet.

(ii) In almost every country of the region, a growing awareness and interest in
conservation of wildlife and protection of environment has led to the creation of national
parks, wildlife sanctuaries, biosphere reserves and other similarly protected areas. In
the forests included in these reserves, in addition to strict protection from biotic inter-
ference, logging and even management intervention by forestry departments is kept to a
minimum.

The areas of forest included in the national parks and equivalent reserves cousist
of 16 460 000 ha of closed broadleaved forests (NHCf2r), ! 090 000 ha of coniferous forests
(NSf2r), 36 000 ha of bamboo forests (NHBf2r) and 605 000 ha of open tree formations
(NHc/NHO2r).  Thus 5.4% of the total area of closed and open tree formations in the region
are included in national parks and similar reserves, which is a proportion that lies inter-
mediary between that for tropical America (1.8%7) and that for tropical Africa (7.37).
Nevertheless, tropical Asia has the highest level of closed forest reservatioms (5.87).

Eaﬁaggggnt

In the remarks to the area tables attention has been drawn to the fact that a small
proportion of productive forests is under forest management in the 76 tropical countries
studied. In the preceding sections some indication has also been given on the forest
areas that are closed to logging and which are mostly situated inside national parks and
equivalent reserves. These areas are subject to more or less intensive management for
the development of wildlife, tourism, recreation and various conservation or preservation
objectives. The following paragraphs give some genmeral indications on the management of
productive forests.

a) Tropical America

If we apply the strict definition of intensive management used in this gtudy - i.e.
management that includes not only the controlled and strict application of regulations on
logging but also sylvicultural treatments and protection against fire and diseases -
there is, on the whole, very little forest that is managed in tropical America. A few
thousand hectares in Trinidad and Tobago and experimental areas in Costa Rica, El Salvador,
Surinam and Colombia are the only closed broadleaved forests under intensive management.
The areas of coniferous forests in this category, in Honduras, Nicaragua and Cuba, are not,
on the other hand, negligible although they only represent 3.3% of the productive conifer-
ous forests in the region.

There are numerous signs of intensification in management activities in tropical
America, The control of legging and measures for protection - particularly the prevention
and fight against fire in the pine plantations - are already highly developed in Mexico.

In Peru and Venezuela the law makes it obligatory for studies to be carried out beforehand
in those areas where logging permits have been applied for. A tighter control is exercised
over logging in Belize and Jamaica, Several countries have prepared management plans but
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have not yet implemented them (Belize, Brazil, Guatemala and Paraguay). Finally, sylvi-
cultgre trials and research into the growth of natural forest have recently multiplied,
particularly in Brazil, Costa Rica, French Guiana, Mexico, Peru and Venezuela.

b) Tropical Africa

In the countries of tropical Africa that were formerly under the domination of
Belgium and Britain (particularly Ghana, Nigeria, Kenya, Sudan, Tanzania, Uganda, Malawi,
Zambia, Zimbabwe and Zaire), harvesting regulations or working plans have been in existence
for long, often complemented by silvicultural treatments for forest regeneration and
possibly forest enrichment. It can be considered that intensive forest management in
the meaning used in this study, implying working plans and silvicultural treatments, was
being implemented in 1960 in these countries on fairly large areas (around 4 to 4,5
million ha of closed forest in total). However, in many countries, because the population
growth exerts a very high pressure on the forests and because of the shortage of staff and
finance, these working plang were gradually abandoned and were not followed up or reviewed
when they came to an end. This was particularly the case in Nigeria, Zaire and Tanzania
where it can be said that intensively managed forests no longer exist in the meaning of
this study.

At present there are only five tropical African countries with intensively managed
forests. These are: Ghana, with | 167 000 ha of managed forests corresponding to more
than two thirds of the managed forest areas of tropical Africa and almost all (88%) of its
productive closed forests; Uganda, which possesses 442 000 ha of managed closed forests,
that is 267 of the managed closed forests of tropical Africa and two thirds of its produc-
tive forest areas (because of the political difficulties faced by this country during the
last fifteen years there is no insurance on the actual implementation of working plans);
Kenya with 70 000 ha of managed forests, of which 50 000 ha of broadleaved forests and
20 000 ha of coniferous forests, i.e. 157 of its productive forest areas; Sudan (50 000
ha, that is 16% of its productive forest areas) and finally Zambia (5 000 ha). As a
whole there are only !.75 million ha of managed forests out of a total of 163.5 million ha

of productive forests which is hardly more than 1Z.

For many years however, particularly within the framework of FAO's activities, the
concept of intensive management of African closed forests, élscussed on several.occas1ons
during the sessions of its Committee on Forest Development in the Tropics, was implemented
in the preparation of pilot working plans for several forests such as the Deng-Deng forest
in Cameroon (1978) and several forests in Gabon: 1la Mondah (1970), Lacs du nord (1972),
Fougamou (1979) and Sud-Estuaire (1979).  Unfortunately these management documents were
never put into practice, one obstacle being the absence of technical units in forest' )
services with the capability of implementing them. The almost complete }ack of positive
cooperation by logging companies and lack of involvement of local populations has also to

be underlined.

Efforts at management are in the course of being implemented in certain countries
such as Cameroon (Deng-Deng forest) and Ghana (devglopment of forestry energy rgsources).
An experimental design for the study of the evolution of closed forests.under different
types of treatment is being laid down in Ivory Coa§t, the results of which can be used
for the management of the permanent forest estate 1n that country.

In several countries there are some forms of extensive management. This ig the
case of seversal English-speaking countries of Africa. Thg example of the Con39 is also
particularly interesting and can serve as a model for the implementation 9f reglonal
planning based on extensive management of forest areas. Forest law provides indeed for

the following:
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- creation of regional units called forest management units ("unit&s forestiéres
d'aménagement" - UFA);

- forest survey of these UFA;

- elaboration of management plans including not only forest logging but also
tourism, hunting rights, wildlife protection, and, as far as forest production
is concerned, the determination of a maximum annual exploitable volume (VMA) for
the main commercial species, infrastructure planning and silvicultural prescrip-
tions;

- breakdown of the area in one or several forest logging units ("unités
forestiéres d'exploitation" - UFE) for which a logging plan has to be drawn up.

c¢) Tropical Asia

Past experience in practising intensive management is limited to only a few countries
in the region, notably, Burma, Bangladesh, India, Pakistan and Malaysia. The first
working plans in the Indian subcontinent were prepared more than a hundred years back
under the British administration.

Knowledge and experience in sjilviculture and management have been accumulated in
Southern Asia. This was made possible by the fact that the majority of the managed
forests in this sub-region are deciduous forests, humid or dry, which are less complicated
than those of the evergreen or semi~deciduous type.

On the other hand, intensive management of forests in South-East Asia has come up
against several difficulties, that is to say: previous experience limited to just a few
countries; lack of trained personnel; the weight given to economic considerations when
granting concessions since the year 1960; complexity of the forest ecosystems.

Intensive forest management in the region is, therefore, limited above all to the
Indian sub-continent and to formations other than humid tropical forests.

Either monocyclic or polycyclic systems of forest management are observed in the
region. Monocyclic systems (better known as shelterwood systems) aim at obtaining a
fairly uniform crop for subsequent harvest. In south Asia shelterwood systems are more
common in the coniferous forests and in the evergreen or semi-evergreen forests. The
Malayan Uniform System which was practised until the early sixties in the lowland forests
of Malaysia has been virtually abandoned and other management systems are being introduced
in Peninsular Malaysia and Sarawak. Polycyclic systems - classical selection fellings
with or without improvement operations for the residual stand ~ are more common in high
forest areas throughout the region. However many selectively logged forests are sub-
sequently destroyed by shifting cultivation and squatting, which reduces greatly the
actual rate of implementation of these management systems.

Forest utilization (tables 2 and 3)

a) Log harvesting

This is the raw material for wood industries, i.e. sawlogs and veneer logs mainly,
and incidently, pulpwood and wood for industrial poles. The first is extracted from
natural forests and to some extent from plantations of species other than fast-growing,
and the second comes mainly from plantations, except, however, for the rare examples of
the chipping of mixed tropical broadleaved species (Colombia, Cameroon, Papua New Guinea)
and the use of Asiatic bamboos and Mexican coniferous forests for pulping.
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The following'table gives an idea of the order of magnitude of the quantities of
broadleaved and coniferous sawlogs and veneer logs that were logged annually during the

past 20 years in each of the regions studied.

These figures are taken from the FAQ

Yearbooks of Forest Products and correspond to volumes officially recorded or, in the
absence of these figures, to FAO estimates (particularly in recent years). They do not
take any account, therefore, of quantities that have been logged illegally, which in
gome countries can be up to, or even more than, 307 of the recorded volumes.

Annual production of sawlogs and veneer lggs in the regions
studied (in thousand m”)

PeriOd )976"79
Region 1961-65 | 1966-70 { 1971-75 | Total | from natuFal forests
only (estimates)

Tropical America (23 countries)

Broadleaved 12500 13870 17500 22140 21400

Coniferous 9860 12550 14760 20250 12000

Broadleaved and coniferous 22360 26420 32260 42390 33400
Tropical Africa (37 countries)

Broadleaved 9910 13080 15080 16000 15350

Coniferous 410 580 680 710 150

Broadleaved and coniferous 10320 13660 15760 16710 15500
Tropical Asia (15 countries)l/

Broadleaved 30870 45510 63360 77250 73550

Coniferous 1180 1510 1960 2770 2750

Broadleaved and coniferous 32050 47020 65320 80020 76300
All the 75 countries

Broadleaved 53280 72460 95940 | 115390 110300

Coniferous 11450 14640 17400 23730 14900

Broadleaved and coniferous 64730 87100 113340 | 139120 125200

1/ The 16 countries studied less Bhutan

1f we refer the estimates on quantities extracted annually to the areas of closed
and open productive forests we get the following average production per hectare for the

period 1976-79.
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Average annual production of sawlogs and veneer logs per
hectare of productivs cloged forest (1976-79)
(in m”/ha/year)

Productive Closed broadleaved
Closed broadleaved . .
. . coniferous and coniferous
Region productive forests

NHCE forests forests

NSfl NHCE 14NSf1
Tropical America (23 countries) 0.04 0.62 0.06
Tropical Africa (37 countries) 0.09 0.26 0.10
Tropical Asia (15 countries) 0.38 0.49 0.39
All the 75 countries 0.18 0.58 0.14
Europe w1thogt the USSR 0.62 1.40 1.08

(25 countries)

The annual production per hectare of tropical broadleaved

five times less than that of European broadleaved forests while this ratio is two times
greater for coniferous forests. One reason, of course, is the inaccessibility of large
areas of productive forests, particularly the mixed broadleaved forests in the Amazon and
Congo basins. This reason is of little importance for the productive coniferous forests.
The comparigon, however, is difficult to follow up for several reasons:

European forests produce two thirds approximately more pulpwood while tropical
forests produce very small quantities; on the other hand, the latter provide
small wood in much greater quantities;

a not inconsiderable proportion of European forests are planted, or artificially
regenerated, and it would be necessary to include tropical plantations to get an
accurate comparison;

finally, and above all, the European productive forest estate is relatively
stable and subject, to a large extent, to sustained management. The productive
forests of tropical countries, once they have been logged, are to a large
extent, then alienated to agriculture or to other forms of land use and they do
not have, therefore, the possibility of producing again sawlogs and veneer logs
at the end of a cycle (polycyclic system) or at the end of a complete rotation
(monocyclic system).

For this last reason, the only production figure that one can indicate in the vast
majority of cases is the volume removed from undisturbed forests ("primary" or "old
secondary forestsg") at the time of first logging (possibly in two passes close together
in time), that in this study has been called the "volume actually commercialized" (VAC).
In the relatively rare cases of a second logging a long time after the first, in forests
that have not been cleared in the meantime, one can also try to estimate the volume ex-
tracted in this second pass. Table 2 below gives the average "volumes actually commer-
cialized" per hectare in the present logging conditions in each of the regions, broken
down into undisturbed productive broadleaved closed forests (NHCfluv), undisturbed pro-
ductive coniferous forests (NSfluv) and productive open tree fgrmations (NHc/NHO1), as
well as the corresponding total standing volumes (in million m™) in these three categories
of forests.

closed forest is, therefore,
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TABLE 2 - "Volume actually commercialized" (VAC) standing at the end of 1980
Undisturbed productive formations
(totals in millions m3)

Productive closed forests Productive open tree
Region Broadleaved coniferous NHCE 1uv formations
JNHCE Juv 3 NSfluv +NSfluv 3 NHc/NHO1
m-/ha | total m /ha | total total m” /ha total

Tropical America

(23 countries) 8.4 3811 42.5 65 3876 5.0 772 l/
Tropical Africa

(37 countries) 13.5 1599 59.3 16 1615 2.2 373
Tropical Asia

(16 countries) 31.3 3044 56.9 101 3145 12.3 105
Total (76 countries)| 12.6 8454 50.9 182 8636 3.8 1250

1/ The VAC adopted for Brazil (5.0 m3/ha) has been applied to the extrapolated figure of
the area of productive open broadleaved forest formations for the whole of

tropical America (see note on the bottom of table la).
Some interesting observations can be deduced from this table:

-~ the average volumes extracted per hectare in the undisturbed productive closed
broadleaved forests are relatively low in tropical America and tropical Africa and
relatively high in tropical Asia because of the richness in commercial species of
the Dipterocarp forests of South-East Asia. The existing "reserves' - expressed
in the unsatisfactory, but unfortunately prevalent, analogy with mining - corres-—
pond, therefore, to 178 years of logging at current levels and conditions in
tropical America; 104 years in tropical Africa and 42 years only in tropical Asia.
These indicative figures assume that all the productive forests will become pro-
gressively economically accessible and that they will not be cleared before
logging 1/ - two hypotheses that lead to an over—estimation of these "reserves" -
and that the VAC will not increase, which in general is false since the regression
of productive forests generally stimulates the logging of so-called "secondary"
species - an hypothesis which leads to under-estimation of these 'reserves';

- the average volumes extracted per hectare of undisturbed coniferous forests
(unmanaged) are of the same order of magnitude in the three regions and from two
to five times greater than those for broadleaved forests in the same region. The
existing 'reserves" correspond to seven years production in tropical America; to
more than 100 years in tropical Africa and to 37 years in tropical Asia. These
periods of time have less significance than in the case of broadleaved forests, as
an important proportion of the production is extracted from coniferous forests that
are not undisturbed (i.e. already logged once before), and in particular, from
those that are managed and which cover, egpecially in Asia, a signi?icant area.
However, the case of coniferous forests in tropical America - especially those in
Mexico and in Central America - could become critical because of the fact that to
the risk of over—exploitation for sawlogs and veneer logs, we have to add the many
other forms of degradation (repeated fires, insects, overgrazing and other sbusive
practices) which tend to bring about a progressive depletion of the growing stock.

1/ Which, in fact, is not the case since each year about 1.8 million ha of undisturbed
- productive broadleaved forest are destroyed before logging.
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In the case of closed broadleaved forests the production comes, to a large extent,
from undisturbed forests (NHCfluv) while, as we have just pointed out, the production of
coniferous wood is mostly from forests that have been already logged, whether these were
managed or not (NSflm and NSfluc). Table 3 gives the estimates of areas of undisturbed
productive closed forests that will be logged annually for sawlogs and veneer logs in the
years 1981-85,

TABLE 3 - Egtimated areas of undisturbed productive closed forest logged annually
(sawlogs and veneer logs) in the period 1981-85 1/
(in thousand ha)

Region Broadleaved Coniferous Total

g NHCf luv NSf luv NHC-NSf luv
Tropical America (23 countries) 1960 43 2003
Tropical Africa (37 countries) 635 4 639
Tropical Asia (16 countries) 1741 14 1755
Total 76 countries 4336 6! 4397

1/ In addition to areas of undisturbed productive closed forests cleared (mainly for
agriculture).

To get the areas of undisturbed closed forest that will be each year either disturbed
by logging or cleared for agriculture, we have to add to the above figures the correspond-
ing columns of table 6 on deforestation (see section 2.1.1). It will then be seen that
a total of 6 136 000 hectares of undisturbed productive closed broadleaved forest will be
modified annually during the period 1981-85, and that the corresponding figure of conife-
rous forests will be 158 000 ha. It is worth pointing out, however, that the addition
of these two processes has little meaning, because the selective logging that is practiced
in the large majority of tropical countries has a relatively slight effect on the forest
while clearing for agriculture means that a mature forest will disappear for at least
several decades.

b) Fuelwood and charcoal

The total annual.production of fuelwood and charcoal in the 76 countries studied was
around | 100 million m~ on the average during the period 1976%79 according to the FAO
Yearbook of Forest Products, representing approximately 0.6 m”/per inhabitant, i.e. around
8 times more than the production of sawlogs and veneer logs. This illustrates the predom-
inance of these products in relation to all others and the importance that has to be
attached to them,

Fuelwood provides 58% of the total energy consumption for developing Africam coun-
tries taken overall, 17% for the countries of Asia and 87 for Latin America. In the
poorest countries this percentage can even be more than 90%. It constitutes, in effect,
the largest, if not almost the entire, domestic energy consumption of rural populations.
Wood used for charcoal is only a very small fraction (often less than 5 in volume) of the
fuelwood, except in some particular countries where it is used on a large scale as a source
of industrial energy. The most notable case is that of Brazil, where it is estimated that
around 38 million m3 are used for the manufacture of charcoal, destmed mainly to meet the
energy requirements of the steel industry in the South-East of the country.
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Fuelyood and wood for charcoal still come mainly from natural woody formations and the
correnpondxgg forest fallow, with the rest coming from village woodlots, orchards, scattered
tfeeg and firewood p}antations (the latter, in 1980, covered a total area of less than &4.44
million hectares, which is the total area of non-industrial plantations reported at this date
- see sectlon.1.2.2). In tropical Africa almost all the fuelwood comes from natural forma-
tions and their fallows, particularly the open tree and shrub formations (NHc/NHO and n).
Vil}age woodlots and homestead gardens have an important place in the highly populated
regions of tropical Asia (e.g. Bangladesh and the island of Java in Indonesia).

In many tropical regions the pressure of the population makes itself felt not only
through the clearing of forest formations to extend agriculture but also through.an over- .
exploitation of the remaining woody formations which leads to their degradation and eventually
to their disappearance. The Andean regions of tropical America, some mountain areas of
East Africa (Burundi and Rwanda for example), the Himalayan regions of Northern India and
Nepal, and, in practically every country, the periphery around large urban areas and those
close to the main roads, are examples of areas affected by the over-exploitation of wood
for fuel. -

The Forestry Department of FAO undertook a preliminary worldwide study on the fuelwood
situation in developing countries during 1980, in the framework of the preparation for the
UN Conference on New and Renewable Sources of Energy (Nairobi, 10-21 August, 1981).

Detailed conclusions broken down by the regions in this study are given in technical reports
1, 2 and 3 of this project of forest resources assessment, and we have limited ourselves
here to giving the table on populations that are known to be deficient in fuelwood in

Latin America (including Argentina, Chile and Uruguay), Africa (without the Northern section,
i.e. for tropical Africa) and Asia with the Pacific (without China, and the temperate coun~
tries - which are not in a shortage situation - i.e. more or less the 16 countries of
tropical Asia that have been studied).

Populations involved in fuelwood deficit situations 1/
(in million inhabitants)

1980 2000
. . Prospective Acute scarcity
Acute Deficit 2/ ;. At?
i - Deficit or deficit 2/
Region scarcity 2/ 2
Total Rural Total Rural Total Rural Total Rural
popu~ | popu- | popu~ popu~ | popu- popu- popu- popu-~
lation lation | lation lation | lation lation lation lation
Africa 55 49 146 131 112 102 535 464
Asia and Pacific 31 29 832 710 161 148 1671 1434
Latin America 26 18 201 143 50 30 512 342
Total 112 96 1179 984 323 280 2718 2240

1/ Total p&bﬁlation and population with a predominantly rural type.of energy consumption
T (total population less urban centres over 100 000 inhabitants) in the areas under the

identified fuelwood situationms.

2/ Definition of categories:

zones or countries in negative wood energy balance where exist%ng
been depleted to the point where populations cannot obtain

consumption is below minimum needs;

- acute scarcity:
fuelwood resources have t
sufficient fuelwood even through overcutting;

- deficit: zones or countries where pqpulat%onq are still able to meet their minimum
fuelwood needs, but only by overcutting existing resources. These are already
insufficient to meet present needs on a sustainable basis and are being depleted.
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¢) Wood for rural households and agricultural uses

In tropical countries this category of roundwood makes up almost the entire FAO
category of "other industrial roundwood". Their annual production is currently estimated,
in the Yearbooks on Forest Products published by this organization, at around 35 million
m~ (for all of the 76 countries studied), i.e. more or less only a quarter of the volume
of sawlogs and veneer logs and 3% only of wood for emergy. These removals from forest
resources are, therefore, relatively small, even if they can still, by their concentration,
constitute locally a not inconsiderable factor of degradation of the woody cover. The
production (and cgnsumption) of this category of roundwood per capita seems to bg highest
in Africa (0.05 m” per inhabitant) as compased to the two other regions (0.015 m™ per
inhabitant for tropical America and 0.010 m~ for tropical Asia). These figures should,
however, be used with caution because of the fact that service woods are marketed, and
possibly recorded, only for a very limited proportion.

d) Other forest products

Forest products other than wood, sometimes wrongly referred to as "minor" forest
products, are extremely numerous and varied. They can be classified into food products
(fruit, oil producing seeds and almonds, mushrooms, infusions); fibres (bamboo, rattan
and reeds); rubber; gums and resins; waxes; tannins; pharmaceutical and cosmetic
products; ornamental plants. This study has not covered the products of this class nor,
in a general way, those of animal origin which can also be very important.

Their over-exploitation can produce a degradation locally and even the reduction of
corresponding forest formations. Thus, for example, the extraction of tannin from the
bark of mangrove species is an important cause of the over-exploitation of these formations
in certain tropical countries.

It would take too long to list all these products and to try and indicate the level
of their production (which is frequently unknown). On this subject reference can be
made to the regional syntheses (America and Asia) and also to certain country briefs
(Brazil and Mexico for example).

1.1,3 Present situation of the 3§owing stock

Gross volumes (tables &)

The gross volume over bark (VOB) considered in this study is that of the bole of
living trees with a reference diameter greater than !0 cm (at 1.30 m height or above the
buttresses or aerial roots), from stump or buttresses or aerial roots up to crown point or
first main branch, It has been estimated for closed broadleaved and coniferous formations
(NHC and NSf) as well as for productive open formations (NHc/NHOI)., No attempt has been
made to estimate the volumes for unproductive open formations (NHc/NHO2), for forest fallows
of tree formations (NHCa, NSa, NHc/NHOa) nor shrub formations (n) because of the lack of
sufficient data.

Tables 4a, 4b and 4c give the estimates of means per hectare and totals of growing
gtock in each of the regions studied, respectively for closed and productive open broad-
leaved formations, coniferous formations, and coniferous and closed broadleaved forests
overall (totals only).
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Table 4a -~ Growing stock (VOB) estimated at end 1980
Broadleaved forest
(totals in million m”)

Productive closed forests Unproductiveff All Productive
unmanaged managed || total closed |[lclosed mixed
Region undisturbed| logged forests |[forests|| formations
3 NHCf1uv 3 NHCf luc 3NHCflm NHCE1 3 NHCf2 NHCE 3NHC/NHOI

m /ha total |m”/ha|total|m /ha {totall| total || m /haftotalll total {|m”/ha |total
America
(23 countries)| I57] 71065( 119} 6372] 140 2{ 77439 83 [12223]f 89662 50 | 7728
Africa
(37 countries)| 256{ 30312{ 195/ 8175{ 138 237 38724 || 117 6154) 44878 28 | 4684
Asia
(16 countries)| 216 20972| 113] 6579 86 | 3116{| 30667 |{ 131 {13086} 43753 48 406
Total
(76 countries)| 183(122349] 137{21126 88 | 3355/{146830 | 105 |31463|178293 39 12818

Table 4b - Growing stock (VOB) estimated at end 1980
Coniferous forests (}S)
(totals in million m")
Productive Unproductive All
unmanaged managed total
Region undisturbed logged
NSfluv NSfluc 3 NSflm NSfl 3 NSf2 NSf

m3/ha total m3/ha total | m /ha { total {| total || m"/ha | total {| total
America
(23 countries)| 178 | 273 | 69 | 906 37 19 || 1198 |l 66 | 633 || 1831
Africa
(37 countries)|{ 170 4 | 6k 19 | 40 ! 66 || 127 | 68 134
Asia
(16 countries)| 17! 304 84 79 154 445 828 wp 90 251 1079
oal 2 74 952 3044
(76 countries)| 174 623 70 | 1004 136 465 209
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Table 4c - Total growing stock (VOB) estimated at end 1980
Closed forests (broadleaved,and coniferous)
(in million m”)

Productive Unproductive All
Region unmanaged managed total
undisturbed | logged
America
(23 countries) 71338 7278 2] 78637 12856 91493
Africa
(37 countries) 30358 8194 238 38790 6222 45012
Asia
(16 countries) 21276 6658 3561 31475 13337 44832
Total {
(76 countries) 122972 22130 3820 148922 32415 181337

The means at the regional levels and the tropical world as a whole have only limited
significance because the interval of variation between formations of the same category
from one place to another over an entire region can reach, and even exceed, 50% more or
less in relation to the average estimate.

Table 4a shows up the generally well known fact of the lower average volume per
hectare of undisturbed closed broadleaved forests (NHCfluv) in tropical America as com-—
pared to the same in tropical Asia and Africa. After logging, on the other hand, the
closed broadleaved forests of America and Asia have a growing stock per hectare that is
more or less equal, due to the more selective logging by the former (see table 2 of the
preceding section). The total VOB for productive closed broadleaved forests (NHCfl) is
divided up as follows: 53% for tropical America; 267 for tropical Africa; and 21% for
tropical Asia. Brazil, Zaire and Indonesia alone have together 55% of the 147 000 wmillion
of m~ of growing productive broadleaved closed forests, and Brazil by itself has 32%.
All these proportions are more or less the same for the total VOB of unproductive and
productive broadleaved closed forests taken together.

The range of the mean volumes per hectare of productive coniferous forests (NSfl)
is much narrower, (except as regards the managed forests), than those for closed broad-
leaved forests (table 4b). As logging is more intensive, (except in Asia), the differ-
ence in VOB between undisturbed and logged-over forests is much greater than in the case
of closed broadleaved forests. The average VOB figure for the unproductive coniferous
closed forests of Africa, (mostly to be found in Ethiopia), is probably over-estimated
and will have to be revised.

The total growing stock (VOB) of all the closed forests of the 76 countries studied
is asplit almost exactly into one half in tropical America and a quarter in each of the
two other regions (table 4c). A little over a fifth of the total volume of closed forests
consists of unproductive forests (for stand and terrain comnditions, or for legal reasons
concerned with their status, mainly national parks and equivalent reserves). This dis-
tribution in volume between the regions is more or less the same for productive forests,
with tropical America having a slightly higher weight (53%) and tropical Asia a slightly
lower proportion (21%).

In a first very broad approximation, one can comsider that the gross volume of
branches is equal to 40X of the VOB and deduce the "bole plug branch volume" of trees of
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more than lO'cm in diameter from the preceding tables. We thus get closer to the volume
of total aerial woody matter of all tropical tree cover, knowing, however, that we still
have to add the volume of the first fallows and that of unproductive open tree formations.

Increments

There are few studies on the growth in volume of closed broadleaved tropical forests.
The available figures on the growth in gross volume, all species taken together (VOB), are
mostly found to be between 1 and 5 m”/ha/year, whether referred to undisturbgd or logged-
over productive forests (NHCfluv, NHCfluc), and more often between ! and 2 m /ha/year.
The growth of the volyme actually commercialized (VAC) for mixed forests is, in general,
between 0.1 and 0.5 m™/ha/year. The gross annual allowable cut (AAC) for gntensively
managed broadleaved forests (NHCflm) is often estimated between 0.5 and 1 m/ha/year,
and can reach or surpass 2 m /ha/year in the case of homogeneous tree formatigqns (e.g.
the Mora excelsa populations of Trinidad and Tobago where the figure is 3.5 m”/ha/year).
All these figures are very low when compared to the estimates of net primary productivity
of 9 to 32 tons/ha/year of the tropical forests mentioned in the "Tropical Forest Eco-
systems' published by Unesco (1978).

On the whole the growth in volume of coniferous forests is a little better knowm.
The ayerage annual growth (over bark) of the Mexican coniferous forests is estimated at
1.4 m”/ha/year, the range being from 0.5 to 7 m /ha/year according to Stgtes. The
estimates for the pine forests of Central America cgn vary from 1 to 8 m /ha/year.  The
figure for the managed pines is 1.25, 1.7 and 4.6 m” /ha/year in Cuba, Honduras and Nica-
ragua respectgvely. The figures for the coniferous forests of lakistan vary between
0.5 and 1.2 m”/ha/year and that for India has been taken as equal to 1.2 m”/ha/year on
the average.

The growth of mixed forest-grassland tree formations or open tree formations (NHc/NHO)
is still not well knowm. For what regards the total woody master, the average annual
productivity in Africa has been taken as betweey 0.8 and 1.2 m”/ha/year for productive
formations (NHc/NHO1) and between 0.2 and 0.8 m”/ha/year for unproductive formations
(NHc/NHO2i) in the framework of the FAO global study on fuelwood supply and needs. The
mean annual increment in VAC for sawlogs and veneey logs of productive formations still
remains very low, something in the order of 0.05 m”/ha/year on the average.

1.2 Plantations 1/

1.2.1 Introduction

- Up to the end of the Second World War there had been few.forestry.plantatione in
the 76 countries studied if one compares the total area planted in 1950 with t?e 11.5
million hectares that currently exist. Some of them have, in any case, now glsappeared
or have been replanted again after logging or are in such a state of degradation that they

have to be excluded from the inventory.

Apart from the introduction of exotics during the previous century (e.g. Eucalyptus
lobulus in Peru and Bolivia and various other eucalypts in Brazil), the main forest

gT;KEEETons prior to 1950 in tropical America were protection stands around Mexico City
and around reservoirs in Bogota and Medellin in Colombia, plantations to produce fuelwood

p , i ly of pitprops in Peru. The
and railway sleepers in the south of Brazil, aﬂd.the supp 1 1 € .
total and Zurvivgng areas planted prior to 1951 in the 23 countries studied in tropical

America is not more than 40 000 hectares.

1/ Please refer to paragraph 2.2.1 of chapter II for a precise definition of plantations
~  as understood in the present study.
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Some 110 000 hectares survive in tropical Africa of all plantations made up to 1950.
As in tropical America the introduction of exotics and various experiments were imple-
mented up until the First World War but it was only after this that plantation programmes
were undertaken, particularly through the use of the "taungya' method developed in Asia.
Among the main plantations carried out in this period we should note plantations of
Eucalyptus saligna and E. camaldulensis for the supply of firewood to the Benguela railway
in Angola, the industrial softwood plantations (Cupressus spp., Juniperus procera, Pinus
spp.) in Kenya, and the plantations of eucalypts for fuelwood and small wood in Madagascar,
Burundi and Rwanda.

Work on plantations in tropical Asia began earlier than in the two other regions: in
1840 in India (teak); in 1856 in Burma (teak using the "taungya' method); in 1866 in
Pakistan; in 1871 in Bangladesh (teak); in 1873 in Java (teak); in 1908 in Viet Nam and
in 1910 in the Philippines. On the whole, however, these efforts were sporadic up until
1950 except in Indonesia. Presently around 530 000 hectares of the plantations made at
this date still survive of which close to 500 000 hectares in the last named country.

- More than 907 of the forestry plantations existing at the end of 1980 were realized
after 1951 at a progressively increasing rate. In recent years relatively more effort
has gone into the creation of non-industrial plantations, (particularly for the production
of firewood), which actually represent less than 407 of existing plantations. This trend
should continue in the near future (see section 2.2). It is possible to indicate for
each region the main trends according to the characteristics of the plantation programmes
since 1950:

- in tropical America large plantations began to be establigshed in the sixties in
Brazil, Venezuela and Cuba but only in the seventies in most of the other coun-
tries. This relatively recent acceleration in plantation efforts can be seen in
the high proportion (44%) of stands created in the past five years (1976-1980).
Almost all plantations have been realized thanks to public funds, either from the
State or from public bodies, (directly or by the distribution of plants and
technical assistance), or by private companies or private individuals benefiting
from fiscal incentives (particularly in the case of Brazil);

- in tropical Africa the first "wave" of plantations after the Second World War were
those carried out in the fifties prior to the independence of many African states.
From this decade, around 330 000 hectares survive., After a short slowing down
period during the early sixties, plantation activities started again at an in-
creased rate since there still remains about 880 000 ha that were planted between
1961 and 1975 (yearly average: 58 000 ha) and 470 000 ha that were planted between
1976 and 1980 (yearly average: 94 000 ha)., The vast majority of stands were
established directly by the States, with or without bilateral or multilateral
assistance. The policy of fiscal incentives, such as those provided in Brazil,
have practically never been applied in this region;

~ in tropical Asia the fifties and sixties saw the development of forestry plantations,
mainly for industrial purposes, in the majority of countries. During this period
it was mainly the States themselves, through their forestry services, which imple-
mented the plantation programmes., The main criteria were the importance and the
distribution of the expected consumption in wood, and the capacity of the natural
forests to satisfy these needs. 1In the seventies other criteria were considered
equally important, particularly the institutional aspects (the creation of refores-
tation corporations, international financial assistance), and the participation of
the communities concerned. Moreover, plantations destined to meet the requirements
of rural populations and reduce their poverty took on relatively greater importance,
which resulted in an increase of the proportion of non-industrial plantations during
the last five years (1976-1980); and this is. a trend that is expected to increase
even more during the eighties. c :
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1.2.2 Areas of established plantations (tables 5)

The estimates of areas shown in tables 5a, 5b and 5c corresponding to plantations
actually established and reasonably stocked, were determined after the elimination of
risks of "double counting" that could arise mainly from restocking or replantation after
logging. The figures given here are closer to reality than those derived simply from
thed§t§aight-forward adding up of yearly plantation statistics in the various countries
studied.

The 7 million hectares of industrial plantations in the 76 countries studied are
divided up as follows: 36% in tropical America, 14% in tropical Africa and 50% in
tropical Asia. 327 are plantations of hardwood species other than fast-growing ones
(PHL1) destined for the production of sawlogs; 307 are plantations of fast-growing
hardwood species (PHH1) for chipping and veneer; and 387 are softwood plantatioms
(ps.1). Hardwood plantations for sawlogs are not much found in tropical America, (5%
of industrial plantations only), while it is in tropical Africa that the fast~growing
hardwoods are the least developed (167). Tropical Asia is characterized, among other
things, by the very low proportion of softwood plantations (177).  About 367 (2.5
million hectares) of industrial plantations have been established during the past five
years (1976-1980), while this proportion is slightly less for what regards hardwood
plantations for sawlogs (297) and slightly higher for softwood plantations (42%).

Table 5a - Areas of established plantations estimated at end 1980
Industrial plantations
(in thousand ha)

Hardwood species Softwood All
other than all hard- species species
Region fast-growing | fast-growing || wood species
PHL1 PHH! PH.1 PS.! P..1
total |1976-80 | total {1976-80| total |1976-80 | total {1976-80|itotal {1976-80

Tropical America
(23 countries) 129 37 868 346 997 383 1571 662 2568 | 1045
Tropical Africa
(37 countries) 294 68 162 51 456 119 541 144 997 | 263
Tropical Asia
(16 countries) 1813 533 1083 348 2896 881 606 330 3502 { 1211
Total
(76 countries) 2236 638 2113 745 4349 | 1383 2718 1136 7067 | 2519

Some remarks deserve to be made on each region:

- in tropical America
concentrated in Brazil, whi
descending order), e
is divided between 13 other countries.
ucalyptus

tions (PHH|) are Brazilian SE yp
the other countries of tropica

Eucalyptus globulus is the only fast

total 520 000 hectares, i.e. around 20%.

772 of industrial plantations, i.e. 1.97 million hectares, are

ile Cuba, Venezuela, Colombia, Mexico, Ecuador and Peru, (in

The remaining 3% (75 000 ha)
787 of fast-growing hardwood industrial planta-

spp. and to a lesser extent Gmelina), 12% are in

{ South America and 10% in the rest of the region.

-growing hardwood species in the upper regions of the




Andes. Pine trees are by far and away the most widespread coniferous species:

P. caribaea, P. oocarpa and the pines of Cuba in the lower tropical zones, and the pines
‘of North America and the Mexican temperate zones - P. elliottii, P. taeda, P. patula,

P. radiata, etc... - in the other areas (particularly in Southern Brazil);

- in tropical Africa the sub-region of West Africa, (Nigeria, Ivory Coast and
Ghana), has, by itself, 562 of the hardwood plantations other than fast-growing ones
(PHL1).  For what regards the fast-growing hardwood species, it should be noted that
Migeria and Angola between them have more than two thirds of the areas established while
Tanzania, Congo and Zimbabwe are the three other countries where there are close to, or
more than, 10 000 ha. 96% of the areas of softwood industrial plantations are found in
East Africa, Kenya (150 000 ha) and Madagascar (112 000 ha) having between them around
half of the established areas. Teak is the main exotic species for sawlogs and has been
used in 477 approximately of the corresponding plantations (PHL !), the rest being made up
almost exclusively of indigenous species. This is more or less the same proportion for
Gmelina (especially in Nigeria) as compared to the eucalypts in the fast-growing hardwood
plantations as a whole (PHHI). The pines (P. radiata, P. patula, P. elliottii,

P. kesiya, P, merkusii) cover around three quarters of the industrial softwood plantations
while Cugressus lusitanica is, after the pines, the most common species;

- the two sub-regions of tropical Asia where industrial plantations are the most
developed are the Indian sub-continent and insular South-East Asia which, taken together,
have 3.3 million hectares, i.e. 95% of the area of these plantations in the region.

India and Indonesia have between the two of them 857, while other countries having an
appreciable industrial plantation are Bangladesh, Sri Lanka, Thailand, the Philippines
and Viet Nam. Teak is by far and away the hardwood species for sawlogs (PHL!) that is
most widely planted. More than 857 of the fast-growing hardwood plantations are concen-
trated in India where they have been established, (especially the eucalypts), for the
production of pulpwood. 982 of softwood industrial plantations are concentrated in 7
countries of the region, i.e. Indonesia (430 000 ha or 7!% of the total for the region),
Viet Nam, India, Papua New Guinea, Malaysia, Nepal and the Philippines, (in descending
order of areas). The most widely used species are the pines (P. caribaea, P. oocarpa,
P, kesiya, P, merkusii, P, elliottii, P. excelsa, P. patula, P, roxburghii, P. wallichiana)
and the Araucaria (Papua New Guinea, Malaysia).

Of the 4.4 million hectares of non-industrial plantations, 46% are found in tropical
America, 18% in tropical Africa and 36% in tropical Asia. 20X correspond to plantations of
hardwoods other than fast-growing species (PHL1); 74% to plantations of fast-growing hard-
wood species; and only 6% to softwood species. The latter are practically non-existent in
the first two regions and correspond to 14% of the area for non-industrial plantations in
tropical Asia.

The development of non-industrial plantations has been more rapid in tropical America
and tropical Asia over recent years, since 49%, and 55%, respectively, of the total areas
planted in these two regions have been established in the period 1976-1980.
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Table 5b ~ Areas of established plantations estimated at end 1980
Non-industrial plantations
(in thousand ha)

Hardwood species

All hard- Softwood All
Other than | Fast-growing f{ wood species species species
Rexion fast-growing
g PHL2 PHH2 PH.2 PS.2 P..2

total} 1976-8( total| 1976-80 || total| 1976-80| total|1976-8| total] 1976~80

Tropical America 419 257 1583 722 2002 979 50 26 2052 | 1005
(23 countries)

Tropical Africa 294 98 483 102 77 200 6 3 783 203
(37 countries)
Tropical Asia 163 93 J1220 608 1383 701 226 183 1609 884

(16 countries)

Total

(76 countries) 876 448 13286 | 1343 4162 | 1880 282 212 4444 1 2092

The following important points can be noted for each region:

- in tropical America, 92% of non-industrial plantations are concentrated in Brazil:
73% (1.5 million hectares) correspond to eucalypt plantations established for the supply of
charcoal to the iron and steel industry in the State of Minas Gerais, and 19% are plantations
of foresttrees for the production of fruit (including the "palmito" or Euterpe spp.). Mexico
and Peru are the two other countries which have considerable areas of non~industrial planta-
tions: 1in the former plantations are for protection and in the latter they are for the pro-
duction of firewood and charcoal. Plantations mainly for protection cover an area of only
100 000 hectares for the region as a whole, (Mexico, Dominican Republic, Haiti and Bolivia)

and is presently growing at around 10 000 hectares per year;

- non-industrial plantations exist in all tropical African countries situated for the
most part in savanna zones where there is a local or generalized shortage of firewood. Four
countries, i.e. Madagascar, (154 000 ha); Sudan, (129 700 ha), Ethiopia, (97 000 ha), and
Angola, (89 000 ha), have by themselves 60% of the non-industrial plantationsof Africa. It
is estimated that 500 000 ha, (out of a total of 783 000 ha of non-industrial plantations),
are plantations aimed mainly at the production of firewood and small wood, the rest going
mainly for the production of products such as gum arabic or else for protection purposes;

- although the non-industrial plantations of tropical Asia only represent 31% of the
plantations of this region, (the proportion being 44% in the other two regions), their deve-
lopment has accelerated over recent years, to meet the demand for firewood in particular:

42% of plantations established in the region between 1976 and 1980 are non-industrial planta-
tions and this proportion should reach 47% according to the forecasts made in this project
(ses ssction 2.2). Five countries, i.e., India (532 000 ha), Indonesia (472 000 ha), the
Philippines (235 000 ha ), Pakistan (160 000 ha), and Viet Nam (127 000 ha), possess close

to 95¢ of all the non-industrial plantations in the region. More than three-quarters of
these plantations have been established with fast-growing hardwood species. The eucalypts
and numerous indigenous species are used among which we should note various Acacia, Albizia

{ndics (neem), Casuarina equisetifolia (filao), Dalbergia sissoo,
lebbek, A!!Ei!&shﬁé1;——ZZ;11_1p11;, Mellia azedarach, Sesbania grandiflora.

Leucaena leucocephala
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Table 5¢ ig the result of grouping together tables 5a (industrial plantations) and 5b
(non-industrial plantations). Forestry plantations occupy a total area of around 11.5 million
hectares in the 76 countries studied. 40%Z of these are situated in tropical America, 15% in
tropical Africa and 45% in tropical Asia. 27% are plantations of hardwood species other than
fast-growing ones, 47% are plantations of fast-growing hardwood specles and 267 are softwood
plantations. Only 12% of the plantations in tropical America use hardwoods other than fast-
growing species, as against 337 and 39% respectively for tropical Africa and tropical Asia.
The proportion of softwood plantations in tropical Asia is equally low since it only accounts
for 16% as against 357 and 317 respectively for tropical America and tropical Africa.

40% of the plantations in the 76 countries studied have been established in the past
five years (1976-80). This proportion drops to 26% for tropical Africa while it is around
41% in tropical Asia and 447 in tropical America. The softwood specles have profited most
from this acceleration in the rate of planting, since 45% of existing softwcod plantations
have been established between 1976 and 1980 as against 387 for hardwood species, (407 for
fast-growing hardwood species). This phenomena is particularly marked in tropical Asia where
62% of the softwood plantations at the end of 1980 were less than 5 years old.

Table 5c ~ Areas of established plantations estimated at end 1980
All plantations
(in thousand ha)

Hardwood species Softwood “ All
other than fast-growing all hard- species species
Region fast-growing wood
species
PHI. PHH PH PS P
total 1976-80 | total 1976-80 § total {1976-80 | total {1976-£0 {| total {1976~80
Tropical America| 548 294 2451 | 1068 2999 | 1362 1621 688 4620 | 2050
(23 countries)
Tropical Africa 588 166 645 153 1233 319 547 147 1780 | 466
(37 countries)
Tropical Asia 1976 626 2303 a56 4279 | 1582 832 513 5111 | 2095
(16 countries)
Total
(76 countries) 3112 | 1086 5399 | 2177 8511 3263 3000 | 1348 11511 | 4611

The following observations can be made with regard to each of the three regions:

- the 400 000 hectares planted annually in tropical America from 1976 to 1980 are far
from compensating for the reduction in forest cover resulting mainly from clearing for agri-
culture and animal husbandry, (about 4.1 million hectares reduction per year of cloged forests
and about 1.2 million hectares of open forest formations). It 1is interesting to note also
that the majority of reforestation programmes are not carried out where deforestation takes
place. Thus, almost all Brazilian plantations are concentrated in the South of the country
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while the clearings are much more extensive to the North. The Venezuelan and Peruvian planta-
tions are established elsewhere than in those zones affected by deforestation. It is worth
remembering, finally, that 83% approximately of all plantations are implemented in only one

of the 23 countries studied, i.e. Brazil;

- the annual rate of planting in tropical Africa (93 000 hectares) is very low if it is
compared to the deforestation brought about each year by the reduction of 1.3 million hectares
of closed forest and 2.3 million hectares approximately of open tree formations. This rate is
also quite clearly insufficient if it is compared with the human populations' requirements
in firewood and small wood. In only 4 countries, (Madagascar, Kenya, Sudan and Angola),are the
planted areas in any way significant as compared to the requirements of the population,

(but not commensurable to these even so0);

- in tropical Asia, the Indian sub-continent and the sub-region of South-East insular
Asia contain 937 of all plantations. India and Indonesia have between them 4 million hectares
out of the 5.2 million hectares of the entire region. Six other countries have together 1
million hectares approximately, (the Philippines, Viet Nam, Pakistan, Bangladesh, Thailand
and Sri Lanka in descending order), while the planted areas in the eight other countries
studied are not at present significant. It is in tropical Asia that the ratio between
planted areas and the areas cleared each year is highest: the 420 000 hectares planted
each year between 1976 and 1980 are not inconsiderable when compared to the 1.8 million
hectares of closed forest cleared each year during the same period. This is explained, on
the one hand, by the fact that the rate of clearing tends to even off because of the reduc-
tion in accessible forest areas suitable for agriculture, and, on the other hand, by the
grave shortage of wood in this heavily populated region which has brought about a considerable
acceleration in plantation efforts.

2. PRESENT TRENDS

2.1 Natural woody vegetation

The international community is rightly worried about the serious problem of the reduc-
tion and degradation of tropical forest cover. In the past ten years it has been the subject
of innumerable meetings, reports, and articles in specialized publications and the general
press, as well as radio and television programmes, all of which have been aimed at drawing
government and public opinion to the problem which, in fact, should not be the concern of
specialists in forestry cnly. Unfortunately, this support by extensionists and journalists,
while being perfectly understandable, has frequently been blundering and over-passionate with
the result that the debate has become confused and there is the risk of jeopardizing the

success of this crusade.
te a basis of infor-
The principle objective of this project has been, precisely, to crea
mation, that is as objective, coherent and complete as possible, on the situation and current
trends in tropical forest resources and, in this way, to help dissipate the confusion xhicg .
has grown around the subject and cancel the harmful effects of oversimplification and global-

lzation" to which, unfortunately, it has too often been subject.
ning the reduction and degradation of the forest

ts and methodological aspects of this
the inconveniences mentioned here-

Before commenting on the results concer
cover, therefore, it is worth recalling some concep
study whose use has made it possible to overcome, in part,
below 1/,

—

See also paragraphs 2.14 and 4.2.1 of chapter II.
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The term "deforestation' has been used in this study mostly in the strict sense of

a complete clearing of tree formations (closed or open) and their replacement by other use
of the land ("alienation'). All other less radical alterations of tree populations have not
been reported under the term deforestation but are reported under concepts, i.e.:

(1)

(11)

(111)

the degradation, under different forms, particularly of open formations, deriving
mainly from human activities such as over-grazing, over-exploitation (for firewood
in particular), repeated fires, or due to attacks by insects, diseases, plant para-
sites or other natural causes such as cyclones, (which can cause considerable
damage to’trees). The selective logging of forests for sawlogs and veneer logs
(see below point (11)), can be considered as degradation to the extent that it
means the extraction of mature trees of the more valuable species whose progressive
replacement is not guaranteed in the short-term nor even, sometimes, in the medium
or the long term. This can, however, be considered as a "maximalist" viewpoint
since the specific composition of tree populations is, in general, little affected,
and the opening up of the forest cover actually stimulates their growth. There

are however, at least three cases where one can actually speak of degradation by
logging of sawlogs and veneer logs, these are:

-~ the logging of pure forests of commercial species (e.g. Prioria copaifera
and Campnosperma panamensis in Panama and Colombia, or American forests of
tropical pines) which is generally carried on outside the control of any sus-
tained form of management that would secure the permanence of the stands;

- the intensive logging of Dipterocarp forests of South-East Asia which, in
particular, uncovers large areas of ground and may lead to soil erosion;

- the systematic logging of some infrequent species, (such as Khaya ivorensis
or African mahogony in the Ivory Coast), which then tend to disappear progres-
sively mainly because of the absenile of regeneration in the logged-over stands.

The processes of degradation may, in their final stages, result in deforestation,
that is to say, with the closed or open forest being replaced by a formation where
trees cover less than 10% of the ground, or by a shrub formation, or by land where
the woody cover is reduced to nothing or to more or less scattered suffrutescent
plants. These fiml processes of degradation are generally only responsible for
a very small part of the annual deforestation that takes place especially when
compared with that due to clearing for agriculture;

the logging of unmanaged closed forests, usually by selective logging of their
timber species, results in the transformation of undisturbed forests (NHC-NHB-
NSfluv) into logged-over forests (NHC-NS-NHBfluc) but would not be considered as

a form of deforestation since immediately after the cut there still remains a
forest stand that may have been more or less altered but whose destination has not
been changed by the sole logging. Of course, if the stand is subsequently clear
cut and burnt to be occupied by agriculture, or else flooded by dam waters, the
corresponding logged area (NHC-NS-NHCfluc) is then included in the calculation of
deforestation and transferred to NHC-NS-NHBa (forest fallows) or disappears from
the areas reported in this study as areas of permanent agriculture, waters, etc...
This 1is particularly the case of what is known as "salvage logging" which are part
of the programmes of clearing for agriculture or grazing (e.g. in Costa Rica and in
Peninsular Malaysia) or again in the many forest zones where the development of a
forest road network allows farmers to penetrate in the search for land and who then
clear the forest either immediately, or soon, after it has been logged;

management for productive uses (transfers from "lu" to "lm") or for protective
purposes (transfers from "lu" or "2i" to "2r") which can bring about changes, as

a result, for example, of sylviculturetreatments aimed at simplifying the ecosystem
and helping natural regeneration, or of artificial regeneration, in the case of
productive forests.
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In this study, therefore, care has been taken not to confuse the four main types
of change in tree formations which are: deforestation in the strict sense of the
term as defined above, degradation under its various aspects, logging and manage-
ment. Qualitative and quantitative aspects of deforestation are dealt with in sec-
tion 2.1,1. and the qualitative agpects of degradation in section 2.1.2. The areas
of closed forest affected each year by logging have been already indicated in table
3 (Page 62)and various aspects of this type of utilization of tropical forests have
been mentioned in the corresponding part of section 1.1.2. As regards management
for productive purposes the more important aspects for each region are described in
this same section. For each country an attempt has been made to determine what will
be the development of forest areas put under management for productive or protective
purposes; at the regional level this can be deduced by comparison of tables 1
(situation in 1980) of section 1.1.2 and 7 (situation in 1985) of section 2.1.4.

The confusion between the different forms of modification to the forest cover
that is found in most of the literature dealing with these problems, is reflected
also in the terms used, which are frequently ambiguous, e.g.:

- the concepts of "conversion" of tropical forests, or "depletion" of forest
resources; the causes of which involve all activities relating to the removal
of growing stock, thus mixing up modifications as different as the selective
logging for sawlogs and veneer logs, (which frequently entails only the ex-
traction of a small percentage of the total growing stock)s and the clearing of
the forest and its replacement by some other use of the land;

- the term "disruption" of forest ecosystems; which can mean any intervention
in an undisturbed forest, the utilization of which means that the same importance
is given to selective logging as to total clearing of the forest.

b) Another frequent lack of precision in the current literature on the subject _

is that which relates to the exact sector under study; this is very rarely precisely
identified, as has already been noted in section 1 of chapter II. In particular, it is
frequently very difficult to know what forest formations are referred to, and, in particular,
if the author is limiting himself to closed forests, or if he 1s referring overall to tree
and shrub formations. It often happens that, in the same article, after a description of
tropical moist forest, the over-exploitation for firewood is then presented as a major

cause of deforestation; when this problem is typical not so much of regions that are ecolo-
glcally humid but of dry tropical regions where open tree formations and shrub formations

predominate.

c¢) The subject of the reduction and degradation of tropical forest cover has suffered
not only from the confusion surrounding basic concepts but also from '"globalization'. By
this we mean the tendency of many writers to take certain totals, or average data, for the
tropical world as a whole, (such as the numbers of shifting cultivators, average areas and
duration of planting for a tract of shifting agriculture, rates of growth of the agricultur-
al population in tropical countries, etc...) and to use these figures to deduce deforesta-
tion at the world level. In particular, this comes down to supposing that the farmers
in countries where agricultural pressure is high have access to the forest lands of
countries where it is low or non-existent, which is quite obviously not the real situation.

As with many other subjects, this issue should be dealt with primarily at the level
of each country (or better still by large regions within each country). Given the
sovereignty of nations over their resources, and their different positions as regards de-
forestation, each one, in this domein, follows its own evolution in the framework of its
own development and land-use policies. The migration of agricultural populations from one
country to another is not so frequent and national frontiers, to a large extent, prevent
the "export" of deforestation. In fact, there are examples of overpopulated countries with
a high rate of deforestation who are neighbours of countries where deforestation is of
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relatively little importance: Colombia and Panama, Nigeria and Cameroon, etc... Migrations

of agricultural populations do take place between adjacent countries (e.g. between Colombia
and Venezuela) but generally these migrations are confined to the border areas. Even inside
a certain number of countries the osmosis between populated and under-populated regions 1s
not particularly marked, (Bolivia, Paraguay, Indonesia, for example,), which would seem to
confirm that the problem of deforestation should be examined province by province before
being assessed at the level of a country as a whole. The majority of assessments on tropical
deforestation err through the absence of quantitative studies at the level of each country
and also from the lack of analyses, at the national and sub-national level, of the processes
of the evolution of land use. In countries with considerable agricultural pressure the fal-
low period of shifting agriculture is reduced with the increase in agricultural population
because of lack of forest lands available or accessible for clearing. It is an error, there-
fore, to multiply the number of shifting cultivators with an annual unit area of clearing in
order to arrive at the rate of yearly deforestation. In such a country, (or part of a

country), shifting agriculture "goes round in a circle", in a certain way, inside a particu-
lar area which moves little, or hardly at all, away from a "hard core" of forests which are

preserved either because they are well protected legally, (and in practice), (the case of
Ghana and Sierra Leone), or because they are situated on lands that cannot be utilized for
agriculture. Deforestation does not then show a steady linear decline leading to the total
disappearance of the forest cover, but this decline is rather asymptotical, i.e. tending more
or less rapidly towards a minimum corresponding to the area of the "hard core". This gives
even less support to prophecies of the following type which abound in the literature: "By
the year -(here the date varies from author to author) - the tropical forests will all have
vanished'. What, on the other hand, is quite legitimate, is to try and assess the length

of time it would take for the tropical forest cover to be reduced by a given proportion

(the higher this proportion the more hazardous the forecast, since it projects the evolution
further off in time).

The present study has tried to get as close ag possible to the reality of the evolu-
tion of land use in each country, and, when it was necegsary, at the level of each large
part of a country. As has already been noted in section 4.1 of chapter II, the estimation
procedures - particularly those concerned with deforestation - have always proceeded from
the smaller geographic entity (part of a country) to the larger (sub-region, region, tropi-
cal world), and in no case have estimates at the global or regional level been used to work
back to the country level which, as we have just shown, is simply not realistic.

d) The problem of deforestation, as it is now developing in tropical countries, should
be seen in a historical perspective by looking back gufficiently far in the history of each
country. In this manner it is easier to understand the present phase of the evolution of
land use by comparing it to that in a near or distant past, and easier to imagine, country
by country, what, in the long term, could become of the natural woody cover. But, of course,
the present population explosion (with, in the vast majority of tropical countries: . the
persistence of inefficient farming and pastoral practices; unsuitable systems of ownership
and tenure, the development of the highway infrastructure,~ partly through forest logging -
together with the absence of national land use planning has greatly aggravated the rates of
deforestation which are now unprecedented both at the regional and global levels. But the
present evolution 18 not entirely without precedent for several countries. The invasion
of the temples at Angkor Wat in Kampuchea, and of the Maya monuments in Mexico and Guatemala
by the tropical forest, are examples that are so well known it is hardly worth mentioning
them. It is thought that 300 years ago Liberia, (and probably also the South-Eastern area
of the Ivory Coast), was more heavily populated than now and that the forest was less wide-
spread 1/. A recent study in Venezuela has shown the "sinusoidal" character of the evolu-
tion of the forest cover in the "Llanos Occidentales" that was reduced to a minimum in 1825,
progressively reconstituted up until 1950, and fallen once again into decline since that

1/ A.G. Voorhoeve, in "Liberian High Forest Trees - A Systematic Botanical Study of the
75 Most Important or Frequent High Forest Trees, with Reference to Numerous Related Spacies”
(Wageningen, The Netherlands - 1965). :
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date 1/. A large part of "undisturbed" forests nowadays are, in fact, "old secondary"
forests which have been reconstituted after clearing for shifting cultivation and are now
evolving towards the original forest and within which patches of primary forests survive.

It has thus been possible to say, for example, that "the Central African dry land forest is,
in reality, a "cultivated" forest" 2/: prior to the groupings of population along the
main communication highways during the colonial period, large stretches of forest in this

region of the world came within the domain of shifting cultivation and are currently in the
state of '"old secondary" forest.

Withouth in any way under-estimating the serious problems posed by the current extent of
deforestation and by the irreversible nature, in the short term, of this evolution in areas
where the ecological conditions are limited or unfavourable, this historical dimension or
"relativity" makes it possible to better appreciate the phenomena in a wider perspective
that takes in, in particular, other aspects and elements which in the long term could
shape up a reversal of tendencies. Among these we can note:

- the accelerated rate of urbanization in many tropical countries which results in
decidedly lower growth rates in the agricultural population as compared to the total
population;

- the natural reforestation of zones abandoned by shepherds and farmers, the importance
of which, it is true, 1is very slight at the moment as compared to that of the defores-
tation so slight, in fact, that it has not been taken into consideration in this
study;

- the intensification of farming methods, the organization of rural areas, the reser-
vation of a permanent area of productive or protective forests (national parks),
are all actions that are either still at the embryonic stage or at a greatly reduced
level but which will tend to develop progressively in a growing number of countries.

In the two following sections we briefly describe the various aspects of deforestation
and the degradation of the natural woody vegetation, at the regional and global levels, as
summarized from the studies done at the national level. The aspects peculiar to each of the
76 countries concerned are described in the country briefs incorporated in the regional re-
ports (technical reports 1, 2 and 3).

2.1.1 Deforestation

Closed forests (tables 6)

Tables 6a to 6d indicate, by region and the 76 countries studied overall, the average
annual rates of reduction in the periods 1976-80 and 1981-85 for areas of closed broadleaved
forests (NHCf), coniferous forests (NSf), bamboo forests (NUBf) and all of these taken to-

gether (N.f).

The closed broadleaved forests are cleared and converted to other uses at an annual rate
which goes up slightly (3%) from 6.9 to 7.1 million hectares from one period to the other.
This rate is leveling off in absolute values for tropical Africa and tropical Asiﬁ, while 1t
grows by 5% in tropical America from one period to the other due to the greater "availabili-
ty" of forests in this region. The area of closed broadleaved forest cleared annually is
currently, therefore, around 7 million hectares, i.e. a rate of reduction of 0.60% per year.
This rate is more or less the same for the three regions (0.597%) for tropical America,
0.615% for tropical Africa, 0.608% for tropical Asia). Since tropical America alone has more
than 56% of the closed broadleaved forests of all the 76 countries studied, it accounts for

i f Venezuela from 1950 to 1970 in
«~P. 1lon "Deforestation in the Western Llanos o
Y gTrzpizzi R::n Forest Use and Preservation. A Study of Problems and Practices in

Venezueld" by 1.S. Hamilton (San Francisco - 1976).

2/ J. Lebrun and G. Gilbert in "Une classification écologique des for&ts du Congo" (Brussels,
T 1954). '



an almost equal proportion of the total deforestation, with the rest being divided up at
around 25% for tropical Asia and more than 18% for tropical Africa.

The rate of reduction is slightly higher for the productive forests (0.67%) and de-
cidedly lower for unproductive forests (0.41%), which can easily be explained by the fact
that some of the latter are either unsuitable for agriculture (because of terrain conditions)
or else forbidden, (in most cases in principle only), for utilization and occupation. Never-
theless, we have to note a much higher acceleration in the clearing of unproductive forests
as compared to productive forests from one period to the next (11.5% a5 against 1.4%).

The undisturbed broadleaved closed forests are, in proportion, eight times less cleared
than logged-over closed forests (0.27% as against 2.06% yearly), this ratio being 12-13 in
America and tropical Africa and only 3 in tropical Asia.

Table 6a - Average annual deforestation
Closed broadleaved forests (NHC)
(in thousand ha)

Productive Unproductive All
Undisturbed logged 1/ total
Region NHCfluv NHCfluc NHCf1 NHCf2 NHCS

1976-8031981-85 {1976-80 [1981~85{11976-80 (1981-85 |{1976-80 {1981-85]/1976-80;1981~85

Tropical America 1135 1196 1684 1725 2819 2921 988 1085 3807 4006
(23 countries)

Tropical Africs 220 225 1036 1028 1256 1253 63 65 1319 1318
(37 countries)
Tropical Asia 483 379 1174 1258 1657 1637 110 145 1767 1782

(16 countries)

Total 1838 | 1800 | 3894 | 4011 || 5732 | 5811 | 1161 | 1295 || 6893 | 7106
(76 countries)

1/ Including managed productive forests (NHCflm).

The annual rates of clearing of coniferous forests is quite higher than that for the
closed forests since it reaches 1.02% with around 350 000 ha cleared each year for a total
area of around 34 million hectares. It is around 1.26% in tropical America, where about
72% of the coniferous forests of the 76 countries studied are concentrated, and only about
0.39% in Asia where the proportion of those forests that are managed for productive (NSflm)
or protective (NSf2r) purposes is particularly high (47%). '

As in the case of closed broadleaved forests, the annual rate of reduction for produc~
tive coniferous forests is higher than that for unproductive forests (1.2% as against 0.72%).
While there 1s a levelling off, or even 8 slight reduction, in this rate for the former,
there would seem to be a tendency for an acceleration in the clearing of unproductive con-
iferous forests.
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Table 6b ~ Average annual deforestation
Coniferous forests (NS)

(in thousand ha)

Productive Unproductive All
Undisturbed logged 1/ total
Region NSfluv NSfluc NSfl NSf2 NS§

1976-80;1981-85 }1976-80(1981~85/11976-80}1981-85}1976-801981-85 1976-80 j1981-85

Tropical America 102 79 128 142 230 221 82 88 312 309
(23 countries)

Tropical Africa 2 1 4 4 6 5 2 2 8 7
(37 countries)

Tropical Asia 12 7 17 17 29 24 6 6 35 30

(16 countries)

Total
(76 countries) 116 87 149 163 265 250 90 96 355 346

1/ Including managed productive forests (NSflm).

The figures on deforestation for bamboo forests (NHBf) are very approximate for tropical
Africa and Asia, and they have not been estimated for tropical America since these stands
have not been considered separately in that region. Figures in table 6c are only indicative.

Table 6¢c - Average annual deforestation
Bamboo forests (NHB)
(in thousand ha)

Productive Unproductive All
Undisturbed logged 2/ total
Region NHBf luv NHBfluc NHBf1 NHB£2 NHBf
1976-80; 1981-85/1976-80; 1981-85}{1976-80] 1981-85}1976~80; 1981-85}j1976-8011981-85
Tropical Americal/]l ipd. ind. ind. ind. ind. ind. ind. ind. ind. | ind.
(23 countries)
Tropical Africa 6 6 6 6
(37 countries)
Tropical Asia 8 9 3 3 11 12 2 2 13 14
(16 countries)
Total
(76 countries) 8 9 3 3 11 12 8 8 19 20

ind. = indeterminate ¢ table 1
1/ gee note 1/ on-the bottom of table lc
2/ Including_hanaged productive bamboo forests (NHBf1m) .

1ts of tables 6a, 6b and 6c relating to closed broadleaved
Table 64 groups the Tesl The figures given in this table are, there-

forests, coniferous forests and bamboo forests.
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fore, the areas cleared annually for all categories of closed forests (N.f) regardless of
their composition. Bearing in mind the preponderance of closed broadleaved forests, which
represent an area close to 97% of all the closed forests, the comments that can be made on
table 6d are very similar to those already made for table 6a.

It can be noted that the annual deforestation goes from 7.3 million hectares approxi-
mately in the period 1976-80 to 7.5 million hectares in the period 1981-85, i.e. an increase
of about 3% between these two periods, mainly in tropical America, where the growth is more
than 5%. The area of closed forest cleared annually around 1980 is 7.4 million hectares
approximately, i.e. a rate of 0.61% which is more or less identical for the three regions
(0.623% for tropical America, 0.615% for tropical Africa and 0.596% for tropical Asia).

Table 6d - Average annual deforestation
Closed broadleaved, coniferous and bamboo forests (N.f)
(in thousand ha)

Productive Unproductive All
Undisturbed logged total
Region N.fluv N.fluc N.fl N.f2 N.f

1976-80 (1981-85 (1976-80 1981-85 | 1976-80{1981-85 | 1976-80)1981-85 §1976-80 11981-85

Tropical America 1237 1299 1812 1867 3049 3166 1070 1173 4119 4339
(23 countries)
Tropical Africa 222 226 1040 1032 1262 1258 71 73 1333 1331
(37 countries)
Tropical Asia 503 395 1194 1278 1697 1673 118 153 1815 1826

(16 countries)

Total
(76 countries) 1962 1920 4046 4177 6008 6097 1259 1399 7267 7496

b) Some qualitative aspects and complementary qualitative data are given herebelow for
each region.

Tropical America

Mexico, Central America (except Panama), Colombia, Ecuador and Paraguay have a deforesta-
tion rate of more than 1% for closed broadleaved forests which goes up, and even passes, 3.5%
for Costa Rica, El Salvador and Paraguay. The areas of closed broadleaved forest cleared
each year in Brazil are very considerable (1.36 million hectares, i.e. a third of the total
annual deforestation in the 23 countries studied) but the rate of corresponding deforestation
is relatively low (0.38%)due to the fact of the considerable size of the closed forests in
the country (356 million hectares).

The clearing of coniferous forests 1s twice as serious in proportion since, as we have
already seen in the general comments, the corresponding annual rate around the year 1980 1is
1.25% (as against 0.60% for the closed broadleaved forests). All types of coniferous stands
are threatened, with the situation of the Arsucaria forests in Southern Brazil being particu~-
larly critical. The clearing of pine forests in Mexico, Central America and the Caribbean
should continue in the coming years at an increased rate while that of the Brazilian popula-
tions of Araucaria should diminish because of their progressive extinction.

It 1s possible to group countries, or parts of countries, in relation to the gravity
of the deforestation. There are those such as Guyana and a large part of the Brazilian
Amazonia where deforestation is negligible because of the absence of agricultural pressure,
There are others where the deforestation is negligible, in absolute terms, because the ex-
isting forest cover is already reduced to a minimum (El Salvador, Haiti and Jamaica). 1In all
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the other countries deforestation is important either in absolute or relative terms or both
of them .together. Deforestation increases where zones that were previously inaccessible

have become available as a result of infrastructure development and colonization programmes,
as in the case of Colombia, Ecuador, Peru and Bolivia. On the other hand, it tends to level

off when the forests are in distant, or hard to get at, areas or when conservation measures
have been adopted (Brazil, Venezeula).

The major cause of deforestation is spontaneous shifting cultivation, particularly in
Mexico, Central America and the Andean countries. When the soil permits, a secondary woody
vegetation quickly occupies the land abandoned by agriculture, the various facies of which
constitute what has been classified in this study as "forest fallows" (NHCa, NSa). At the
end of the fallow period, this secondary vegetation is cleared to make way for crops. If, on
the other hand, the terrain is relatively broken, soil degradation and erosion prevent the
forest cover from growing up again after cropping has been abandoned. There 1s no forest
fallow, nor return to agriculture, the farmers continuing their migration to forest lands
that are not yet affected by agriculture. There then develops a real "pioneer front" leaving
behind it land more or less eroded that is not recolonized by secondary forest formations.
This is what happens particularly on the Eastern face of the Andes where a deforestation front
progresses from the upper slopes to the lower sections of the sierra and the Amazonian basin.

By comparing the figures on the reduction of forests (NHCf, NSf, NHBf) with those of the
increase of forest fallow (NHCa, NSa, NHBa), one can deduce that shifting agriculture with
rotation 1s responsible for around 35% of the total deforestation.

The development of extensive grazing constitutes, for tropical America, the most impor-
tant factor in deforestation after shifting cultivation. In some countries there is a direct
link between these two agents for clearing; the lands cleared of trees by the small farmers
for their subsistence crops are utilized by the owners of flocks some years later when they
have been abandoned by the former. This constitutes another sort of pioneer front where the
small farmers are, in a certain sense, the 'scouts" and the "piloneers’ followed by the owners
of the flocks. The latter use the pasture created in this way until it is exhausted, leaving
behind them degraded soils and a vegetation of low height and density. The grazing is also
in a certain way, itinerant. In other zones, (e.g. the Northern part of Mato Grosso State
and the Southern part of the State of Para in Brazil), extensive grazing lands are created
for ranching without this intermediate agricultural phase.

The other factors in deforestation - such as permanent agricultural and permanent grazing,
flooding for hydroelectric dams (Brazil, Paraguay, Suriname), the development ot intrastruc-
tures, urbanization, forest plantations in closed forest - are of secondary importance for
what regards the reduction of forest areas.

A small proportion of deforestation is actually planned. The institutes for coloniza-
tion, agrarian reform and regional development are only responsible for a small fraction of
the clearings. Thus in Ecuador, the areas cleared in the North-East region between 1972 and
1975 were estimated at 397 000 hectares of which 21 500 only corresponded to controlled col-

onization.

Contrary to what takes place in tropical Africa and tropical Asia, forest logging does
not create real pioneer fronts as the result of road infrastructures allowing farmers to
intrude. It is rather a sort of inverse process that takes place, when salvage logging is
carried out in forest zones destined for colonization (North-East Ecuador) or extensive
grazing (Costa Rica). Logging in unmanaged forests is often less mechanized in tropical
America than in the two other regions and only rarely gives rise to the development of a

real network of roads.

Tropical Africa

. More than 700 000 ha of closed forests, {.e. 55Y of the total deforestation in the 37

countries studied, are destroyed each year in the 9 countries of West Africa. The Ivory
Cg:ztr::; ;::erin’with, respectively, 310 000 and 285 000 hectares deforested annually during
the period 1976-80, are responsible by themselves alone for 45% of the total deforestation.
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The annual rates of clearing of closed broadleaved forests and productive closed broadleaved
forests are, respectively, around 4.0% and 6.0% for all of West Africa. The situation is
less alarming so far for Liberia, Guinea, and, in particular, Ghana where the annual rates

of clearing for dense forest are only some dozen thousands of hectares per year. In Central
Africa the situation does not give rise to concern. Only Zaire, where the annual rate of
clearing has been estimated at 165 000 ha for the period 1976-80 and is tending to increase
(180 000 ha per year foreseen for the period 1981-85), and Cameroon (80 000 ha per year)
have large areas cleared each year in absolute terms. But, taken overall, the Cameroon-
Congolese forest is only reduced by 350 000 ha per year, i.e. 0.2% of the total area and 0.25%
of the productive forest areas. The areas cleared in East Africa (except for Madagascar)

are of little importance, (around 100 000 ha per year), but bearing in mind the reduced areas
of closed forest, they still affect 0.81% of the total areas per year and 1.36% of the pro-
ductive closed forest areas. These levels are 2.9%Z and 2.4% for the closed broadleaved
forests of Burundi and Rwanda where the last remaining areas of forest are gradually being
eaten away by farmers looking for new land. The areas of closed broadleaved forest cleared
yearly in Madagascar are considerable: 165 000 ha per year of which 160 000 of productive
formations, i.e. an annual rate of 1.6% for the closed broadleaved areas overall and 2.47 for
the productive areas.

It can be said, therefore, that in the medium term clearing does not threaten either
the ecological equilibrium nor even the economic resources of the Cameroon-Congolese forest.
On the other hand, the coastal forest of West Africa is under severe attack and its progres-
sive disappearance is already a fact. Finally the situation is also very serious in Mada-
gascar. Shifting cultivation is by far and away the main cause of clearing. Given the
relatively even terrain of most parts of tropical Africa, the cycle is complete in the vast
majority of cases and includes a period of forest fallow. For 40 years and, particularly
over the past 20 years, the growth in population and the development of infrastructures for
logging have combined in their effects and, in a number of countries, particularly West
Africa, have brought about the clearing of vast areas. The stages in this deforestation are
as follows: opening of logging roads, rush of alien populations using these roads to pene-
trate the forest, each family settling a few hundred metres from its neighbours in order to
secure the largest extension possible from the first clearing. The end result is a gradual
fragmentation of forest areas in which the many clearings become larger and larger and merge
after a few years.

If one compares the expected reduction in closed forests (NHCf, NSf, NHBf) during the
period 1981-85 with the growth in the same period of forest fallow areas (NHCa, NSa, NHBa)
the conclusion is that shifting cultivation (with the complete cycle) 1s responsible for more
than 70Z of the total deforestation. The other factors -~ permanent agriculture, reservoirs,
infrastructures, urbanization, forest plantations in closed forest (Nigeria, Ivory Coast),
savannization - only play a minor role. Regarding the last mentioned factor, it is worth
pointing out that the limits of the closed humid forest are fairly stable in relation to the
savanna. Because of its moisture, tropical closed forest is not affected by fires which,
at most, can penetrate the undergrowth of the fringes and contribute to the disappearance
of forest patches within the savannas (such as in upper Guinea, Ivory Coast and Madagascar).
It seems, therefore, that it is mainly through the successive action of man and fires that
deforestation i1s followed by the spreading of savanna. The many forest patches within savan-
nas beyond the forest limit in West Africa (in central and lower Guinea, in Ivory Coast,
Togo, Benin) bear witness to the large extension of moist forest in that region in the past.
At present the forest-savanna border is often clearcut and sharp, with few examples of any
transitional zones. However, there are some examples of natural reforestation of savannas
by closed forest (Gabon, Cameroon, Congo, Zaire, Ivory Coast). On the whole the limit of
the closed forest appears, therefore, fairly stable and corresponds to a balance between
aavannas maintained by fires and forests capable of regeneration in present conditions.

Tropical Asia

During the period 1976-80, the annual deforestation was greatest in insular South-East
Asia (890 000 ha) and continental South~East Asia (Burma and Thailand ~ 428 000 ha), the
highest rates being those of this last mentioned sub-region (1.04%) and the Indochinese
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peninsula (0.83%). The countries where areas deforested annually are largest are Indonesia
(where they have been estimated at 550 000 hectares yearly during this period), Thailand

(333 000 ha), Malaysia (230 000 ha), India (147 000 ha), Laos (125 000 ha), Burma (96 000 ha)
and Nepal (B84 000 ha). It is the last named country that has the highest rate of deforesta-
tion, (4.33%), followed by Thailand, (3.61%); while the other countries that have been
seriously affected (in descending order of severity) are Sri Lanka (1.51%) 1/, Laos (1.49%),
Malaysia (1.10%) and the Philippines (1.06%) 2/. N

The forests that appear least threatened are those of the Indian states where shifting
cultivation is not widespread; Pakistan; parts of Burma; Kampuchea and the island of New
Guinea, (Indonesian province of Irian Jaya and Papua New Guinea), where population pressure
is relatively low.

Also in this region, shifting cultivation - particularly that which follows the logging
front in the countries of insular South-East Asia - appears to be the main factor in de-
forestation. If the forecasts on the reduction of closed forests (NHCf, NSf, NHBf) for the
period 1981-85 are compared with the growth of forest fallow (NHCa, NSa, NHBa) it can be
concluded that shifting cultivation, (with complete cycle), is responsible for around 49%
of the total deforestation. This form of traditional agriculture is practiced almost every-
where in the region, particularly by communities living in the hills and it is known under
different names depending on the country: 'kaingin" in the Philippines; "jhum" in Bangla-
desh; ‘'chena" in Sri Lanka; 'chancar leu" in Kampuchea: "ray" in Laos, etc. A country
by country analysis shows that shifting cultivation in its traditional form supports a
total population of around 28 million people.

The latter estimate may appear low as compared to other estimates that can be found in
the literature. This can be explained by the fact that in recent decades a new form of
occupation of the hills has developed: farmers forced away from the lowlands, (where per-
manent agriculture 1s practiced), by the lack of land and work have begun to invade the
wooded areas situated higher up. This spontaneous and illegal occupation of the land,
("squatting"), can be found particularly in the Philippines and in the states of North-East
India. Other migrations of landless peasants have also contributed to deforestation such as
the intrusion of the Nepalese mountain people into the plains of "Terai' or the flow of
refugees into Thailand.

Planned forms of colonization are more developed in tropical Asia than in the other
two regions. The most typical example is that of Peninsular Malaysia where the conversion
of lowland forests into palm oil and rubber plantations is pursued in a systematic and
planned manner. Likewise, the transmigration movements in Indonesia are organized by the
government in an attempt to reduce the considerable human pressure on Java and to develop
the colonization of other islands in the country, particularly Sumatra and Kalimantan
(Borneo). The important irrigation project at Mahaveli in Sri Lanka should bring 260 000
hectares of forest under agriculture in the coming years. In Nepal there were colonization
programmes involving 3 000 families during the period 1973 and 1978.

The processes of "savannization" are particularly evident there where a reduction in
the length of the forest fallow, together with the action of repeated fires, brings about
the occurrence of a vegetation that is basically grassland. A typical example is that of
the "alang-alang" savannas (Imperata cylindrica) where the woody stratum, whenever 1t exists,

rarely goes beyond the shrub stage because of the frequent fires.

The other causes of clearing are of less importance than the three factors analyzed
above which are: traditional shifting agriculture; spontaneous migrations; and coloniza-
tion programmes. We can mention the logs of wooded lands as a result of flooding by reser-
voirs for hydroelectric projects, the extension of mining lands (Thailand, Peninsular

1/ 3.50% in the period 1981-85 due to the Mahavell irrigatiom project.

2/ 1.47% for the productive closed forests only.
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Malaysia, Papua New Guinea), and the creation of forest plantations after the clearing of
cloged forests.

A comparison of tables le and 7e that give the areas of open tree formations (NHc/NHO)
in 1980 and 1985 respectively, provides the annual rates of reduction in these formations.
The results are summarized by region in table be herebelow. The estimates of the areas
involved are generally more approximative than the estimates related to closed forests. The
main reason is that the inventories carried out on these formations (which in general are
mixed forest-grassland tree formations) are more concerned usually with their forage resources
than with their woody resources and classify them more according to the composition of their
herbaceous layer than to that of their woody layer.

Table 6e - Average annual deforestation
Open tree formations (NHc/NHO)
(in thousand ha)

Areas of open formations| Average annual deforestation (1981-85)
(NHc /NHO) open formations jtree formations overall
Region NHc /NHO N.f + NHc/NHO
end 1980 end 1985 b4 Y4
Tropical America (216997) (210637) 1272 | 0.59% 5611 0.63%
(23 countries) 1/
Tropical Africa 486445 474722 2345 | 0.487% 3676 0.52%
(37 countries)
Tropical Asia 30948 29998 190 | 0.61% 2016 0.60%
(16 countries)
Total
(76 countries) 734390 715357 3807 0.52% 11303 0.58%

1/ see note 1/ on the bottom of table le.

3.8 million hectares of open tree formations are thus cleared each year and have to be
added to the 7.5 million hectares of closed tree formations destroyed yearly during the same
period. A total, therefore, of 11.3 million hectares of natural tree formations disappear
each year, corresponding to an average annual regression rate of 0.58%. This rate is of the
same order of magnitude in tropical America and tropical Asia but is slightly less in tropi-
cal Africa (0.48%). This can be explained mainly by the fact that large areas of African
woodlands, wooded savannas and tree savannas, are subject to a low agricultural pressure.

Agriculture is the main cause of the clearing of open tree formations particularly
shifting cultivation. 1If we compare the reduction in these formations during the period
1981-85 and the corresponding growth in forest fallow (NHc/NHOa), it can be found that the
latter corresponds to around 45% of the deforested area in the same period. This percentage
goes up to over 60% in tropical Africa where the various forms of shifting cultivation are

1/ In this section we are only dealing with the clearing of open forest formations and not
their progressive degradation which ig dealt with in section 2.1.2.
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particularly developed. It only reaches 20% in tropical America where the clearing of these
formations for grazing (mainly in Brazil) is preponderant.

Over-exploitation for fuelwood is another significant cause in the reduction of open
tree formations. This is particularly true for the African savanna regions around large
urban areas and along the main lines of communication. Removals in these zones exceed by far
the yield of these stands, and their decreasing density and height are characteristic of a
progressive degradation, the final stages of which can bring about their declassification in-
to shrub formations or even their exclusion from the woody formations as considered in this
study (i.e. the density of woody cover becomes less than 10%). In Brazil, logging of wood
to provide charcoal for the iron industry is a significant factor in the reduction of the
"cerrado" forests.

Another cause of deforestation is over-grazing: the degradation of woody formations as
a result of browsing of regeneration seedlings, and the trampling of animals, can, like the
over-exploitation for fuelwood, lead in the final stages to the conversion of tree stands
to shrub formations or their disappearance as woody formations as considered in this study.
The evolution of these processes of degradation towards a real deforestation of open woody
formations '1s all the more rapid as the fires are more repeated and violent.

Other less important factors in the reduction of open tree formations, are flooding of
reservoirs, urbanization and the development of roads and forest plantations in the savannas.

The following diagram gives a schematic picture of the situation for the 76 countries
as a whole for what regards areas in 1980 and the annual transfers during the period 1981-
85 resulting from deforestation. All the figures are in millions of hectares. The areas in
1980 are indicated each time on the upper line while the annual areas of transfers are indi-
cated in the box below (with the minus sign if it is a reduction, and with the plus sign if
it 1s an addition).
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Fig. 1 - Simplified diagram of global deforestation
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2.1.2, Degradation

In this study interest has mainly been focussed on the degradation of the woody compo-
nent of natural forest formations, but it 1s important to note that this often goes together,
particularly in the case of open formations, with the degradation of other components of the
ecosystem, particularly soils and the herbaceous layer.

While deforestation in the strict sense, as used in this study, results generally in
a radical change of the woody component, most forms of degradation introduce progressive
changes and these are often less easy to detect and quantify than the different types of
clearing. This is particularly true for degradation of open tree formations caused by over-
exploitation for fuelwood, over-grazing and fires. It is one of the reasons for which there
are few precise data available on the corresponding losses in woody resources at.the level
of large geographical entities, and most of the information worthy of trust derives from
studies at the experimental level.

While the different factors of degradation are presented separately later on in this
section, it is worth noting here that the effects are often combined. For example, over-
exploitation for fuelwood, over-grazing and repeated fires act simultaneously in many regions
of the African savannas and in the pine forests of Central America.

a) Logging is often considered as a factor of degradation for closed forests. Where
it 1s very selective, as is the case in the mixed closed broadleaved forests of tropical
America and tropical Africa 1/, logging extracts the best shaped trees of a few of the more
valuable species without there being any guarantee that these will be replaced, either in
the short term or even in the medium or long term. Nevertheless, it has to be recognized
that, if the forest ecosystem has, in fact, been altered, the specific composition has, 1in
general, been changed very little. Moreover, the opening created by the felling of a few
large trees per hectare stimulates regeneration and the forest cover can close over fairly
quickly and allow the forest to continue to play fully its protective role. Selective
logging of the mixed closed broadleaved forests of tropical America and tropical Asia makes
it possible to use mature trees of useful species before they die off, and cannot be con-
sidered as a serious source of degradation if it 1s carried out with sufficient care,
(layout carefully studied and careful construction of roads; damage caused by felling re-
duced to a mimimum), and on condition that the systematic extraction of certain speciles does
not mean their total disappearance in all age classes.

The same does not hold true for the logging of more uniform types of forest such as the
pure, or nearly pure, broadleaved forests of edaphic origin, coniferous forests and the
Dipterocarp forests of South-East Asla.

The volume extracted per hectare from the_ Colombian and Panamanian forests of Prioria
copaifera ("cativo") reaches an average of 85 m~. The figures of other edaphic homogeneous
stands of this region of species such as Campnosperma panamensis ('sajo" or "orey"), Mora spp.
("nato"), etc. are not quite so high but they are still relatively so. Intensive logging
of these forests would not in itself be harmful if their regeneration was guaranteed in the
framework of duly applied management plans. But this, unfortunately, is not the case. The
mangroves of the American Pacific coast and other tropical areas also suffer from excessive
logging, not for timber, but for the extraction of tannin and small wood.

Some of the unmanaged coniferous forests of Central America, Mexico and the Caribbean
are subject to types of logging that endanger future yields. This derives mainly from ex-
ploitation for fuelwood and charcoal, and the extraction of resin, or from some secondary

1/ The volumes per hectare extracted from closed brogdleaved forests (including homogeneous
- forests) are on the average around 8.4 and 13.5 m~ in tropical America and in tropical
Africa respectively (see table 2, section 1.1.2. of this chapter).
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uses, (now happily falling into disuse), such as the cutting of resinous chunks out of the
foot of the tree to be used as firebrands (the practice of "ocoteo'") or the practice of "calado
which consists of cutting into the standing tree to check the grain of the wood.

"

Logging in the Dipterocarp forests in South-East Asia is much more intensive than in the
mixed foregts of trq?ical Africa and America. The volumes extracted, in fact, vary generally
from 40 m” to 100 m”. The corresponding VOB felled or damaged by this extraction is of course much
higher. To this has to be added the clearing required for the opening up of access roads,
which has been estimated at 14% of the area being exploited in studies carried out in Sabah
and the Philippines, (two States where logging is particularly intensive). Another study in
Sarawak has shown that the space that is temporarily uncovered and the soil denuded could, in
total, represent up to 40% of the logged area 1/. In this same study it was found that 26
trees in total were cut per hectare and 33 broken or damaged, these 59 trees representing
approximately 40% of the growing stock. Around 44 million hectares of Dipterocarp forest
have been logged, (but not further cleared by agriculture - NHCfluc) that have thus been
altered with an intensity more or less comparable to that illustrated by the preceding figures.
Apart from the risk of certain species disappearing, which is a risk that also exists for
forests logged less intensively, this type of utilization can bring about other long lasting
consequences such as erosion and landslides in areas where the terrain 1is steep, and the
prolonged sbsence of vegetation regrowth on those parts of the ground that have been laid
bare. There is room for considerable improvement in forest logging practices and, of course,
the adoption and controlled application of conservative management plans which, by staggering
production over a period of time can ensure as sustained a yield as possible from the logged ~
over forests.

b) Exploitation for fuelwood, charcoal and small wood is mainly a degradation factor
for open tree formations, although there are some examples of the degradation of closed
forests being caused by overexploitation for these products for home use in certain Asiatic
countries (India, Thailand). Removals of fuelwood exceed the yield of open tree formations
in many savanna regions of Africa, particularly, as has already been noted in the preceding
section, around large urban areas and along main roads of communication, and the degradation
that follows can lead to true deforestation. Charcoal production leads to the degradation
of forests that are often situated far from the centres of consumption and consequently, to
the extension of degraded areas, as is the case of the "cerrado”" of South-East Brazil or the
forests of the North of Thailand which supply charcoal to the urban areas of Bangladesh.
This degradation of woody resources by over-exploitation for fuelwood is, in part, responsi-
ble for the forecast aggravation of the deficit in fuelwood from now to the vear 2000, as
indicated at the end of section 1.1.2 of this chapter.

c) Grazing, especilally over-grazing, is another important cause of the degradation of
tropical tree formations, particularly open formations which are mainly mixed forest-grass-
land formations, as well as for some of the coniferous forests. As we have already seen, it
is not only the browsing of regeneration growth but also the trampling by the animals that
hinders the renewal of the woody layer and this can, in time, lead to true deforestationm.
This problem is particularly serious in the African savannas and also in India, (which has
around 15% of the world's cattle, 46% of the buffalos and 17% of goats), where forests are
often the only places where the animals can graze. At the end of the dry season, when the
grass has disappeared, leaves of certain trees (Mimosaceae in particular) constitute the
preferred fodder, whether browsed directly by the animals or collected beforehand by the
shepherds who cut or prune the trees of the palatable species.

Grazing is also an indirect cauge of the degradation of open tree formations: in many
regions the ehepherds light fires to accelerate the start of the herbaceous regrowth and
eliminate animal parasites.

1/ H. Mattason Matn and W. Jonkers (1980) "Logging Damage in Tropical High Porest" - Inter-
national Forestry Seminar, Kuala Lumpur, 11-15 November 1980. L
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d) Fires probably represent the most serious factor for degradation in open tree for-
mations and coniferous forests. Accidental fires are rare, the majority of them are started
for various reasons: for grazing, for cleaning, for the collection of secondary products,
for hunting, for cropping, etc... These fires are rarely controlled and they spread all the
more easily, and are all the more destructive, the later they are started in the dry season.

Fires are responsible for the "savannization" of closed forests, a phenomena that has
already been mentioned in section 2.1.1 under "deforestation". Fires play a determining role
in the maintenance and extension of tropical coniferous forests at the expense of the broad-
leaved forests. African woodlands, wooded and tree savannas on the one hand, and Central
American coniferous forests on the other, are "pyroclimax" in that they owe their existence
to the recurrence of fires. 1In Africa, the penetration bv savanna fires into the outskirts
of the closed broadleaved forests opens up the undergrowth and allows tree species from the
savanna to intrude, all helped by drier ecological conditions. This process is particularly
notable in Guinea-Bissau, for example, where a forest inventory report mentions a category
of "semi-dry"” forest which corresponds in fact to intermediate formations between closed
forests and woodlands. Where fires no longer take place we can see, if the ecological con-
ditions allow it, a reconstitution of a closed forest starting from a wooded savanna in
Africa, or a closed broadleaved forest in the place of a pine forest in Central America.

The violence of these fires and their repetition leads, in many cases, to a degradation
of coniferous forests and mixed forest-grassland broadleaved formations. In the latter, the
effect of fire leads eventually to replacement of the original woody species by species that
are smaller, more resistant to fire, and are less well formed and of slower growth, all of which
hag ‘the effect of reducing the density and the height of the tree stratum.

Fires are rare in humid closed forests, except on their outskirts as an agent of the
"savannization" process. In tropical America the case of cyclical forest fires is reported
during years of great drought in the coastal zone of Suriname, or again the burning of the
windthrown timber caused by typhoons in the broadleaved forests of Belize.

In fact the three factors of degradation, which are over-exploitation for wood, over-
grazing and fire, very often combine their effects and it is difficult to evaluate thelr
separate influence. Experiments of protection of plots of degraded savanna in Africa, (that
were carried out during the fifties), have shown that there 1s a good possibility of re-
covering the woody vegetation when these areas are protected over several years against
fire, cattle and exploitation. Other experiences have compared the effects of different
types of fire management: early fires at the beginning of the dry season when the vege-
tation is not yet completely dry, delaved fires, various forms of alternating early fires,
late fires and total protection against fire. These experiences have shown the importance
and the advantages, particularly for what regards the production of wood, in controlling
fires within the framework of sylvo-pastoral management plans that take into account re-~
quirements in animal fodder. Without control of fires, control of grazing and the regula-
tion of wood extraction the immense productive potential of the 735 million hectares of
tropical open tree formations (of which 485 million hectares are in Africa alone) will go
on dwindling without their full possibilities being utilized while the shortage of fuelwood

will continue to grow.

nd while these, taken overall, do not

other causes of degradation a
e Iore e ot hey can have considerable influence

have the importance of the factors analyzed above, t
at the local or even national level. Among them we can mention:

- diseases and insects which attack not only plantations but also the natural forests
that are relatively homogeneous: Dendroctonus beetles burrow holes under the bark
of pines in Mexico and Central America, causing the decay and death of entire stands
(as was the case in Honduras between 1963 and 1965 where an epidemic destroyed around
20% of the total growing stock of pine forests). Forests of Shorea albida in Sarawak
and Brunei died off at the end of the fifties after defoliation due to unidentified
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insects; attacks by insects have been reported in the Indian teak and sal (Shorea
robusta) forests, etc...;

- natural calamities, particularly cyclones: several regions such as the Caribbean,
Central America (Belize, for example,) and South-East Asia, (the Philippines, Thailand
and Burma), are particularly susceptible;

- war damage, the most serious example being that resulting from the Viet Nam conflict
at the end of the sixties and the beginning of the seventies during which an area in the
the order of 1.25 million hectares was spread with herbicides and defollants and more
than 4 million hectares were damaged by shells.

2.1.3. Trends in forest utilization

Log harvesting

Regarding logs extracted from closed forests (mainly sawlogs and veneer logs), indica-
tions have already been given in table 2 of gection 1.1.2 (sub-section "Forest utilization -
Log harvesting") on what will be the areas of undisturbed productive closed forests logged
each year during the period 1981-85 (logging to be added to that already taking place in
managed productive forests and to the additional removals made in unmanaged productive forests
previously logged). The areas of unmanaged undisturbed productive closed forests to be logged
during the overall period 1981-85 should be around 21.7 million hectares of broadleaved
forest and 0.3 million hectares of coniferous forest.

In the table which follows certain projections have been taken from a study carried out
in 1978 by FAO on the evolution from 1975 to 2000 of the production of wood for industry by
the developing countries. We have limited ourselves here to taking the production figures
as they have been projected for around 1980 and around 1985.

Forecasts of the average annual producsion of wood for industry
(in millions of m”)

1978-1982 (average) 1983-1987 (average)
Region Hardwoods Softwoods Hardwoods Softwoods
Nat. |[Plant-|Total |Nat. |Plant-{Total] Nat. {Plant-|Total | Nat. |{Plant-|Total
forests |ations forests |ations fforestq ations Forests|ations

Tropical America 22.01 12.9{ 34.9 15.5] 10.71 26.2f 27.6 ) 18.8 | 46.4} 12.1 | 22,2 | 34.3
(23 countries)

Tropical Africa 15.8 1.6] 17.4 0.2 2.8 3.0‘ 16.7 2.6 | 19,3 0.2 4,6 4.8
(37 countries)

Tropical Asia 88.3 3.4 91,7 3.2 ‘ 3.24102.0 4,6 {106.6 3.4 0.1 3.5
(16 countries)

Total
(76 countries) 126.1] 17.9 |144.0 18.9] 13.5] 32.4§146.3 | 26.0 |172.3 | 15.7 | 26.9 |42.6
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Thus 1t has been forecast that the total volume of wood for industry should increase
by around 227 from 1980 to 1985 i.e. an annual growth rate of 4% (in the order of 3% in
tropical Africa and tropical Asia and close to 6% in tropical America). However, the pro-
duction of natural forests will increase about 2% a year (1% approximately for tropical
America and tropical Africa and close to 3% for tropical Asia) while that of plantations will
increase by 11% annually (12% approximately in tropical America, 107 in tropical Africa and
7% in tropical Asia).

The respective portion for each region will not change significantly; tropical America
will maintain its preponderance (more than 80%) in the production of softwood logs, Asia
(particularly South-East Asia) will keep its lead in the production of hardwood logs.

Fuelwood

Reference should be made to section "Forest utilization - Fuelwood and charcoal" in
section 1.1.2 to have an idea of the evolution of supply and demand of fuelwood in the
developing countries of America, Africa, Asia and the Pacific. This evolution is marked by
a growing imbalance between resources and requirements in more and more zones, which can only
be progressively made up by the intensification of management of natural woody formations
and the increase in the rate of establishment of fuelwood plantations.

2.1.4 Areas at the end of 1985 (tables 7)

Bearing in mind, on the one hand, estimates of clearing of the various types of forest
formations, and, on the other hand, estimates of transfers from one category to another {(un-
disturbed forest areas which pass to logged-over forest, areas of productive open tree for-
mations - NHc/NHOl - which will be degraded and become unproductive - NHc/NHO2, etc...) tables
7a to 7f have been drawn up to indicate the likely situation of areas at the end of 1985.

Table 7a - Areas of natural woody vegetation estimated at end 1985
Cloged broadleaved forests (NHC)
(in thousand ha)

Productive Unproductive All Fallows
; unmanaged managed| total NHCE
Region . undisturbed|logged

i NHCfluv [NHCflue| NHCflm} NHCfl NHCf2 total % NHCa
Tropical America , 437196 54650 14 491860 142033 633893 56.36) 106431
(23 countries)
Tropical Africa 113889 39914 1672 §155475 52330 207805 18.48} 66685
(37 countries)
Tropical Asia 85139 59017 | 36450 }180808 102342 283038 25.16f 71573
(16 countries)
P 0} 244689
(76 countries) 636224 153581 | 38136 [827941 296795 1124736 | 100.0Q
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Table 7b - Areas of natural woody vegetation estimated at end 1985
Coniferous forests (N§)

(in thousand ha)

Productive Unproductiv;WV All <[ Fallows
Unmanaged Managed|| total NSt
Region Undisturbedj logged
. NSfluv NSfluc | NSflm }| NSfl NSf2 total 4 NSa
Tropical America © 932 12631 508 14062 9107 23169 | 71.27)| 9872
(23 countries)
Tropical Africa 245 297 15 557 525 1082 3.33 20
(37 countries)
Tropical Asia 1674 932 | 2882 5488 2770 25.40)f 1042
(16 countries)
Total
(76 countries) 2842 13860 | 3405 20107 12402 8258 10934
Table 7c ~ Areas of natural woody vegetation estimated at end 1985
Bamboo forests (NHB)
(in thousand ha)
Productive Unproductive All FallowJ
Unmanaged Managed]|l total total NHBf
Region Undisturbedj Logged
NHBfluv |NHBfluc| NHBflm|| NHBfl NHBf2 total % NHBa
Tropical Americal- ind. ind. ind. ind. ind. ind.
(23 countries)
Tropical Africa 700 2 702 380 1082 17.552/
(37 countries)
Tropical Asia 2274 475 | 700 || 3449 1634 5083 | 82.45%| 1114
(16 countries) .
Total
(76 countries) 2274 1175 | 702 4151 2014 6165 |100.00 ﬂ 1114

ind:

indeterminate.

1/ see note 1/ on the bottom of table lc

2/ Excluding the bamboo forests of tropical America the areas of which are unknown.
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Table 7d - Areas of natural woody vegetation estimated at end 1985
Closed broadleaved, coniferous and bamboo forests (N.f)

(in thousand ha)

Productive Unproductive All
Unmanaged Managed| total N.f
Region Undisturbed| logged ) A
N.fluv N.fluc|{ N.flm §j N.fl N.f2 total % (lands)

Tropical America - 438119 67281 522 (/505922 151140 657062{ 56.48} 39.12

(23 countries) :
Tropical Africa 114134 40911 1689 1{156734 53236 209970} 18.05 9.59

(37 countries)
Tropical Asia 89087 60424 | 40032 |/189543 106836 296379 25.47; 31.37

(16 countries)
Total

(76 countries) 641340 168616 | 42243 852199 311212 1163411 100.00| 24.17

Table 7e - Areas of natural woody vegetation estimated at end 1985
Open broadleaved forest formations (NHc/NHO)
(in thousand ha)
Productive Unproductive All Fallows
NHc /NHO
Region NHec /NHO1 NHc /NHO2 total % NHc /NHOa
(region)

Tropical Americat’| (136787) (73850) || (210637) | (29.45) (62950)

(23 ‘countries)
Tropical Africa 159555 315167 474722 66.36 111520

(37 countries)
Tropical Asia 8075 21923 29998 4.19 4100

(16 countries)
Total

(76 countries) 304417 410940 JL7715357 100.00 178570

1/ see note 1/ at bottom of table le. In 1985 the three countries of Brazil, Bolivia and
" Paraguay should have 95.2% of the overall area of open broadleaved forests in tropical

America (which corresponds to an extension factor of 1 050).
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Table 7f - Areas of natural woody vegetation estimated at end 1985
All formations
(in thousand ha)

Tree formations Fallow of § Shrub Woody formations
All (N.f. + NHn/NHQ) [Closed| Open | form—- and fallows
Region orm~ | form- jation (N+n)
Closed | Open % tion | ation z
N.f NHc/NHOH total % (lands) {N.a NHc/ nH total |% (lands)
NHOa

Tropical Americal/ 657072 K210637)§ (867709) (46.19)] 51.66§116303](62950) 1431761190138 | 40.54 | 70.86
(23 countries)

Tropical Africa 209970 ] 474722 | 684692 36.44| 31.27] 66385} 111520443125 1305722 | 44.47 | 59.67
(37 countries)

Tropical Asia 296379 29998 326377 17.37} 34.54) 73729} 4100 358381 440044 | 14.99 ] 46.58
(16 countries)

Total
(76 countries) 1163421} 715357 |} 1878778 | 100.00] 39.03}256417 178570H622139 2935904 {100.00{ 60.99

1/ see note 1/at the bottom of tables le and 7e for what regards the areas of open broadleaved
forests.

2.2 Plantations (tables 8)

The forecasts on the areas of the different types of forest plantations for the period
1981-85 have been made on the basis of the programmes included in the forestry plans of each
country, bearing in mind the different constraints, particularly financial, and the fore-
seeable percentage of successful plantation, The forecasts, therefore, are as realistic as
possible.

Overall the industrial plantations of the 76 countries should, in 1985, cover close to
10 million hectares. Because of the expected continuance of large-scale programmes for
plantations in Brazil, tropical America should see its portion of industrial plantations go
from 362 in 1980 to close to 40% in 1985, while those of tropical Africa go down from 14 to
13% and those for tropical Asia from 50 to 47%. The portion of softwood plantations moves
from 38 to 40% and those of the hardwood plantations of fast-growing species from 30 to 36%
while those for the other hardwood plantations drop from 32 to 287 approximately. There is,
therefore, at the world level a relative shift from hardwood plantations for sawlogs and
veneer logs of slow and average growth towards hardwood and softwood plantations of fast-
growing species. The proportion of the former remains very low in tropical America (lese
than 5%). On the other hand the proportion of softwood plantations in tropical Asia which
was only 192 in 1980 goes up to 21% in 1985, but remains, however, the lowest of the three
regions.

2.9 million hectares, i.e. 41% of the total area of plantatione established up to 1980
will be planted between 1981 and 1985. The 400 000 hectares more planted, as compared to the
previous five-year period, correspond to the growth of industrial plantations in tropical
America,
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Table 8a - Areas of established plantations estimated at end of 1985
(projections)
Industrial plantations

(in thousand ha)

Hardwood species Sof twood p
Other than fast-growing all hard- species All
Region fast-growing wood species species
PHL1 PHH1 PH.1 PS.1 P..1
total] 1981-85| total ] 1981-85} total | 1981-85] total [1981-85|] total; 1981-85
Tropical America 183 54 1393 525 1576 579 2403 832 3979 1411
(23 countries)
Tropical Africa 414 121 232 70 646 191 L 673 132 1319 323
(37 countries)
Tropical Asia 2137 324 1560 477 3697 801 973 367 4670 1168
(16 countries)
Total ,
(76 countries) 2734 499 3185 1072 5919 1571 4049 1331 9968 2902
Non-industrial plantations (table 8b)
Table 8b - Areas of established plantations estimated at end 1985
(projections)
Non-industrial plantations
(in thousand ha)
Hardwood specles Softwood
Other than fast-growing all hard- species All
Region fast-growing wood species species
PHL2 PHH2 PH.2 PS.2 P..2
total | 1981-85] total| 1981-85|] total ; 1981-85|{ total] 1981-85ff totalj; 1981-85
Tropical America 613 194 2619 1036 3232 1230 82 32 3314 1262
(23 countries)
Tropical Africa 409 114 664 181 1073 295 19 13 1092 308
(37 countries)
Tropical Asia 288 125 1928 708 2216 833 417 191 2633 1024
(16 countries) '
Total 2594
(76 countries) 1310 433 5211 1925 6521 2358 518 236 7039 59
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Overall the non-industrial plantations of the 76 countries studied should, in 1985,
cover 7 million hectares approximately. At this date they will represent 70% of the
total industrial plantations, while this proportion was 52% in 1975 and 63% in 1980. This
constant progress reflects the increased importance given to fuelwood plantations (firewood
for rural populations, wood for charcoal for industry, particularly in Brazil, and for urban
communities).

The proportions for tropical America and tropical Asia go up slightly in relation to their
value in 1980, while that of Africa goes down from 18 to 16% approximately. The non-indus-
trial plantations of Brazil should, in 1985, represent 92% of the plantations of tropical
America and 43% of the plantations in the 76 countries studied. The respective proportions
of the different categories of species should remain pretty much the same as compared to
1980, the fast-growing hardwood species remaining predominant (93% approximately), and
corresponding to almost all the non-industrial plantations of tropical America and tropical
Asia.

2.6 million hectares of non-industrial plantations will thus be planted between 1981
and 1885, i{.e. 37% of the established plantations in 1980 and 500 000 hectares more than
during the previous 5-year period. Half of this increase comes in tropical America, 20% in
tropical Africa and 307 in tropical Asia.

All plantations (table 8c)

Table 8c is a result of grouping together tables 8a (industrial plantations) and 8b
(non~industrial plantations).
Table 8c - Areas of established plantations estimated at end 1985
(projections)
All plantations
(in thousand ha)

Hardwood species Softwood
Other than Fast-growing All hard- species All
Region fast-growing wood species species
PHL PHH PH PS 2

total |1981-85| total |1981-85ll total | 1981-85§ total | 1981-85f total} 1981-85

Tropical America 796 248 4012 1561 4808 1809 2485 864 7293 2673
{23 countries) .

Tropical Africa 823 235 896 251 1719 486 692 145 2411 631
(37 countries)
Tropical Asia 2425 449 3488 1185 5913 1634 1390 558 7303 2192

{16 countries)

Total

(76 countries) | 4046 | 932 | 8396 | 2097 12440 | 3929 J 4567 | 1567 J17007 | 5496
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By 1985 17 million hectares of plantations should be established in the 76 countries
studied, representing 1.5% approximately of the area of closed natural forest formations
(1163 million hectares). Tropical America and tropical Asia should have each 43% of the
total area of plantations and Africa the remaining 14%. Close to half of the plantations
of 1985 should be fast-growing hardwoods, and the other half split between 27% softwoods and
237 other hardwoods. 84% of the plantations in tropical America should be in Brazil (6.1
million hectares in 1985). The plantations of hardwoods other than fast-growing species will
represent only 11% of the plantations in tropical America as against a third approximately
in the two other regions. Likewise the proportion of softwood plantations in tropical Asia
will only be 20% of all plantations in this region by 1985.

In 1985, 32% of the plantations of the 76 countries studied will correspond to what was
established in the period 1981-85 (5.5 million hectares). Around 900 000 extra hectares
should be planted in this period as compared to the previous 5-year period. The fast-grow-
ing hardwood species will profit particularly from this increase while we will see a reduc~
tion in the plantation programmes using other hardwood species.

It 1s interesting to compare the annual rates of plantation in each region during the
period 1981-85 with the annual rates of reduction of the closed forests (N.f) and open tree
formations (NHc/NHO). These comparisons are summarized in the following table.

Annual rates of deforestation and plantation (1981-1985)
{in thousand ha)

Annual rates of deforestation | Annual rates | Plantation
Region Tree formations of Deforestation
B Closed Open All plantation ratio
Tropical America 4339 1272 5611 535 1 : 10.5
(23 countries)
Tropical Africa 1331 2345 3676 126 1:29
(37 countries)
Tropical Asia 1826 190 2016 438 1: 4.5
(16 countries)
Total
9 07 11303 1099 1:10
(76 countries) 7496 38

The "rate of replacement” 1s highest in tropical Asia since one new hectare is planted
for every 4.5 hectares deforested, and the lowest ratio is in tropical Africa. If we except
Brazil, the rate for tropical America is even lower than that of Africa since it is 1 hec-
tare planted for 36 hectares of closed or open tree formations cleared.

If we refer to the clearing of only closed formations these ratios are, of course, more
favourable while still remaining low for tropical Africa and tropical America (excluding
Brazil): 1 hectare planted for 8 ha of closed tree formation cleared in tropical America,
(including Brazil), 1 for 33 in tropical America (excluding Brazil), 1 for 11 in tropical

Africa and 1 for 4 in tropical Asia.

00000000000000000000000000 000
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Chapter IV
CONCLUSIONS

1. CONTINUATION OF THE STUDY

1.1 As already explained in chapter II, this study has mainly consisted in the selection,
organization, interpretation and processing, country by country, of the great mass of in-
formation available, into a single "frame" of classifications and concepts. This approach,
together with the utilization for each country of the same reference periods and years, has
made it possible to obtain results that are relatively consistent at the level of the sub-
regions, regions and the world as a whole, for what regards the situation and the present
evolution of tropical forest resources. These results have been commented upon in the
previous chapter and are detailed in the regional syntheses included in the technical reports
1, 2 and 3.

1.2 The value and usefulness of the data base that has been set up in this way, and which
should only be considered as a first draft, would be greatly enhanced if there is a con-
tinuous procedure of improvement with the following objectives:

- complete existing gaps: in tropical America for example, it has not been possible
to isolate bamboo formations nor to separate (except in Bolivia, Brazil and Paraguay)
the different categories of open tree formations, although this has been done in the
two other regions. Documents and information must be researched to make it possible
at least to determine an order of magnitude for the areas of these classes of forma-
tions. It will also be necessary to get more precise data on the distribution by
age class and on success rates of the non-industrial plantations in several coun~-
tries;

- refine some of the estimates: as has already been pointed out, particularly in
section 2 of chapter II, certain distinctions between classes of formations are
often rather difficult to introduce. This was the case, for example, in separating
woody formations in function of a minimum level of 10% crown cover from that of
closed forest and mixed tree forest-grassland formations, and within the latter, be-~
tween formations congidered productive and formations considered unproductive. The
multiplication of vegetation and land use maps and of surveys of forest and range
resources should gradually make it possible to reduce these uncertainties even though
the progressive nature of degradation phenomena does not make it easy to have pre-
cise geparations between classes;

- correct certaln errors of interpretation: these have been able to slip in here. and
there as a result, for example, of the poor correspondence between classifications
found in the literature, and classifications used in the project. Thus, for example,
the estimates of the areas of tree formations of the countries in the central Sahel,
Chad and Somalia, should be revised and possibly corrected by using new data in
order to ensure their compatibility with the results obtained in other countries;

- rectify certain projections for the year 1985 regarding those elements that are
difficult to forecast because they do not necessarily follow trends that have be-
come well established in certain countries, such as, for example, the inclusion of
forests in national parks or the introduction of intensive management practices.
Moreover, while the elements relating to deforestation can be relatively easily
perceived in the short term, this is not true for those that arestrictly linked to
political changes (ownership, logging) or to more or less abrupt changes in the
available financing. '
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All these modifications aimed at improving the results of this study can only be applied
by taking into account the data at the national, sub-national and local level contained in
documents published after 1980 (or published a little before this date but not identified
by the project experts). These improvements, which go hand in hand with the updating of
the data, will thus make it possible to correct not only the information base corresponding
to the end of the year 1980 but also those elements characterizing the developments between
1981 and 1985 and, therefore, projections for the end of 1985.

1.3 The improvement and updating of the results obtained in the 76 countries in this first
phase will only be able to be done efficiently if the data as a whole are computerized. In
fact, the modification of a result in one country has repercussions not only on the results
concerning that country but also the results referring to the sub-region and the region to
which it belongs, and at the level of the 76 countries as a whole. Moreover, computeriza-
tion of data makes it possible to pinpoint any possible errors and to make the necessary
editing, and make it easier to put queries to the file and get immediate answers in a form
that can be directly utilized. As of mid-1981, an outline of the computerization project
has been sketched out which is summarized in Appendix 1.

1.4 The 76 countries dealt with in the study represent more than 97% of the total area of
all tropical countries (1f we exclude from the definition of "tropical countries" those
countries that are marginally under tropical influences such as Argentina and China and with
the exclusion also of Australiﬁ). In America the tropical countries or territories excluded
have beey Puerto Rico (8900 km™) and 18 other islands or archipelagos in the Caribbean

(8100 km™), the total area of which corresponds only to 0.1% of the surface area of the 23
countries studied. 1In Africa the 1l countries and territories not taken into account are
Mauritania, Djiboutl, and all the islands linked to the African continent and representing
approximately 57 of the total area of the 37 countries studied. In Asla and Oceania, apart
from Australia, the tropical countries and territories not includedzin this study are quite
numerous (29) but their total surface area is only about 112 500 km™, i.e. 1.2%7 of the total
surface area of the 16 countries studied.

In order to complete the overview of the forest resources of the tropical world it would
be advisable to review the situation for these countries and territories not covered by the
study and also Australia.

1.5 The reduction and degradation of forests is also considerable in a certain number of
temperate and sub-temperate countries not dealt with in this study and where the processes
of desertification are serious (North Africa, countries of the Middle East and Western Asia).
The overall evolution is, on the other hand, often inverse in the other temperate countries
where the phenomena of natural reforestation can be noted following the abandonment of mar-
ginal agricultural and grazing lands. Regardless of the nature and the speed of the evolu-
tion of the forest cover it is essential for the international community to be able to have
a complete picture of the forest cover of our planet, and it would be wise, therefore, to
add the national syntheses of the temperate countries to the results concerning the tropical
countries as a whole. Agreements must be established between the concepts and classifica-
tions used in the various temperate countries and those adopted for the tropical forest
resources in order to arrive at a world inventory that is as consistent as possible.

1.6 1In all of the foregoing, the term "forest resources" has been interpreted in the strict
sense of wood resources. It would be interesting to widen this concept to include elements
of forest formations other than wood, such as the total vegetable biomass, the different
productivity characteristics, the fauna, the minor forest products, etc...

Tt would also be useful to establish a relationship with the soil resources and, more
generally, with the various characteristics of the site. It is, however, difficult at this
stage to imagine in detail the procedures for the pooling of information on wood resources,
in the way that these have been prepared in this project, and of the available data om
forest soils in each country. For this purpose, it could be useful to have most of the
results on wood resources "converted" into cartographic form (or based on a coordinate grid
for further computerization) and to superimpose and correlate them with soil information and

other site data.



- 100 -

2.  FINAL CONSIDERATIONS ON THE PRESENT EVOLUTION OF TROPICAL FOREST RESOURCES

2.1 This gtudy has tried to avoid the main snag against which studies on the reduction and
degradation of tropical forest resources have always come up against, i.e. the "globaliza-
tion", both in geography and in concept, of the estimates, (see section 2.1 of chapter III).
The cbuntry by country analysis of these changes, which basically are the result of national
factors or even local factors, has made it possible to avoid risky extrapolations (and
intrapolations). 'Moreover, a simple classification of forest formations and the separation
of the different types of changes affecting tropical forest formations (clearing, degrada-
tion, logging and management) have been aimed at achieving more precision in the appreciation
of the evolution of tropical forest resources.

2.2 Having said this, the most remarkable results can be summarized as follows:

- the closed forests of the 76 tropical countries overall (which cover more than 97% of
the total area of tropical countries) will be cleared, between the years 1981 and
1985 , (mainly as a result of shifting agriculture) at a rate of 7.5 million hectares
per year, i.e. an average reduction rate of 0.62%;

- the undisturbed closed forests of the 76 tropical countries overall which are logged
each year, but not cleared, (in the vast majority of cases this logging is selective
for sawlogs and veneer logs) cover about 4.4 million hectares. To this is to be
added the relogging of closed forests previously logged whether they are managed or
not. This figure can, therefore, be added to the previous figure - if one absolutely
wishes to confuse clearing and logging - in order to arrive at a figure of the closed
tropical forest that is "altered" each year, i.e. around 11.9 million hectares;

- the open tree formations of all the 76 tropical countries studied, particularly the
"cerrado" and the 'chaco" of South America and the woodlands, wooded savannas and
tree savannas of Africa will, between 1981 and 1985 be cleared at the yearly rate of
3.8 million hectares, i.e. an average reduction rate of 0.52%;

- the clearing of closed and open tree formations in the 76 countries is, therefore,
for the period 1981 to 1985, 11.3 million hectares per year, i.e. an annual reduction
rate of 0.58%. If we add in the undisturbed closed forests logged each year we
arrive at an area of 15.7 million hectares. Adding the surface area of open forma-
tions logged for sawlogs and veneer logs each year does not have much sense, to the
extent that this logging 1s in addition, more often than not, to other forms of
alteration already under way such as fire and the collection of firewood: very few
open tree formations can indeed be considered as undisturbed in the same way as vir-
gin closed forests;

~ dindustrial and non-industrial plantations will increase during the same period by
1.1 million hectares per year. In other words, at the level of the 76 countries
studied as a whole, 1 hectare of plantation will be created for each 10 hectares of
closed or open tree formation that will be cleared, this "replacement rate" varying
greatly depending on the region and country.

2,2 The various processes of degradation, particularly for open formations and coniferous
formations, caused by repeated burning, over-grazing and over-exploitation (mainly for fuel-
wood) are less obvious, as compared to clearing, because they are gradual and, at the same
time, more difficult to quantify. 1In many tropical countries, most of them situated in
Africa, these processes have serious negative consequences particularly for what regards the
80ils and the production of woody matter and fodder. The progressive nature of these pro-
cegses, and the difficulty in evaluating them in economic terms, should not disguise theix
seriousness and the urgent need to apply corrective solutions such as temporary protection
against the agents of degradation, or simple fire management measures.
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2,3 It is always difficult, but often necessary, to forecast what could be the medium- and
long-term development of current trends. In the matter of deforestation the most expedient
solution would be to suppose a linear development, at the global level, up to the year 2000,
by deducting 20 times the area cleared yearly between 1981 and 1985, from the area of forest
formations existing in 1980, i.e. 150 million hectares of closed forest (12.5% of the areas
in 1980) and 76 million hectares of open tree formations (10% of areas in 1980). This
hypothesis would come down to assuming that the slight increase in the clearing of closed
forests in tropical America could be compensated for by the slight reduction of clearing in
the other two regions. Another hypothesis, that 1is not unlikely, comes down to envisaging
a leveling off of the clearing of closed forests also in tropical America, in which case
the figure of 150 million hectares reduction in closed forests up to the year 2000 for 76
countries as a whole could be glightly over-estimated.

1f we suppose that the levels of reduction and logging of undisturbed productive closed
forests continue at the same pace, from now until the vear 2000, there would, at this date,
only remain about 540 million hectares of undisturbed productive closed forests (390 million
in tropical America, 100 million in tropical Africa and 50 million in tropical Asia). 1In
order to estimate the total area of undisturbed closed forests (productive and unproductive)
at the turn of the century, one should add almost all the unproductive closed forests left
at this time, the total area of which could be estimated similarly at 280 million hectares:
the resulting estimate of the total area of undisturbed closed forests would be 820 million
hectares.

On the other hand, everything points to the fact that the amount of plantation will con-
tinue to increase at a pace that will probably be greater than the increase observed from
1976-80 (920 000 ha per year) to 1981-85 (1100 000 ha per year). However, the efforts that
have been undertaken as regards planting are still far from compensating for the area of
clearings and, a-fortiori mitigatingthe cumulative effects of the reduction and degradation
of all tree formations. It is interesting to note, however, in this regard, that it is
tropical Asia, where the population pressure is strongestand the forest formations are the
least extensive, that the average ratio between area planted and area cleared each year is
the highest (1 hectare planted for 4.5 ha deforested).

2.4 This last statement gives rise to a consideration of a more general kind. History has
plenty of examples of regressive evolutions where solutions were only applied from the
moment when the situation had reached a critical point. It would be possible to spend a
long time discussing the different points of view on where we are at the moment, and it the
critical point has actually been reached, at the world level, for what regards the destruc-
tion and degradation of the tropical forest cover. One thing, however, is certain; the
situation, in general, is serious and for some countries it 1is already critical. 1In a cer-
tain number of these countries, particularly in Asia, important reforestation programmes
have begun to be implemented, to overcome the shortage of forest products and the disastrous
consequences brought about by the reduction and degradation of tropical forest formations -~
erogion, soil degradation, flooding of fertile and inhabited plains, desertification, etc...

These efforts should be pursued and expanded in these countries; at the same time, there
should be a development of a true sustained management of forest formations for both productive
and protective purposes. In other countries where forest management, afforestation and con-
gservation are in their infancy it is to be hoped that serious endeavours are made before the

situation worsens.

However, nothing lasting will be possible in this field without the cooperation not only
of those others responsible for rural development - notably agronomists and range management
officers - but also above all those principal protagonists, the communities 1living in and
around forest areas: without their direct participation there is no hope of reaching a

harmonious balance in the use of the land.

000000000000000000000
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Computerization of the results of the project

1. TINTRODUCTION

There are many advantages in computerizing the results obtained from this project and
they have been briefly set out in chapter IV. At the end of the project a first analysis was
made into how the information could be computerized which is summarized below.

The country briefs, which are set out in a uniform way, constitute practically the sole’

source of the information. Data that are selected can be grouped for computerization into
four categories:

(1) general forestry data: relevant information taken from the text such as geographic

location, total geographic area, population, forest area in broad classes (e.g.
closed, open etc.), ownership classes, status of inventory (quality, coverage and
date), forest utilization and log harvesting etc.

(11) data on natural woody vegetation: this includes:

(a) areas of natural woody vegetation estimated at end 1980 (in thousand ha) by
categories used in this study;

(b) areas of natural woody vegetation estimated at end 1985 (in thousand ha) by
categories used in the study;

{¢) growing stock estimated at end 1980;

(a) areas of industrial plantations;
(b) areas of other plantationms.

The above four categories of information are stored in four separate computer data-
files briefly formed as: general data-file, area and growing stock data-file, change data-
file and plantation data-file.

2. SYSTEM DESIGN

An overview of the proposed data processing system is shown in fig. 1 in the form of
a flow chart. The system includes the following key activities:

(1) preparation of input;

(11) data-storage including consistency checking, making corrections and creation of
master~file;

(111) eventual updating of the master-files to incorporate improved additional informa~
tion;

(iv) data retrieval and reporting.
For the edit-programs, it is proposed to make use of the Fortran language. However,

for updating, retrieval and reporting SAS 1/ package, which is available at FAO Headquarters,
has been selected. Main considerations in its favour are:

1/ See footuote page 103.



Fig. 1.

1/ SAS stands for Statistical Analysis System.
developed by SAS Imstitute Inc., Raleigh,
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(1) 1t is a simple user-oriented package, which can easily be learnt by foresters or
other investigators with little knowledge of computer programming;

(i1) it can be operated in both batch mode and on-line ;

(111) 1t is currently used extensively within the Forestry Department and other techni-
cal departments of FAO.

Some shortcomings of SAS are that:
(1) 1t has limited language capability as an enquiry language; and
(11) 1t is still not available in many areas of the world, which may limit the use of
programmes developed for the present purpose. However, keeping in view a rather
short time horizon of say five years, when the whole system may need to be re-
viewed, the use of SAS appears a good choice.

A brief description of the system phases is given below:

2.1 Preparation of input

The country briefs constitute the initial input to the master-files. A set of coding
forms has been prepared to facilitate keying of data. Ultimately the information of the
coding sheets will be merged into four master-files.

2.2 Data-storage routine

The objective 1s to transform the basic input data into a set of four clean master-
files. The routine performs the following functions:

(1) consistency checking: wvarious card types are checked to detect possible errors;

(11) making corrections: once an error has been indicated by the routine and estab-
lished, a correction is made;

(111) merging of records: record types are collated and their data assembled into four
data-sets;

(iv) }ntroduction of additional codes: some additional information like region and
subregion codes, are introduced;

(v) creation of additional fields: some new field values, based on the data of other
fields are computed and encoded in the data-set;

(vi) creation of master-files: this is a simple routine, written in SAS language, to
convert the users' data-sets (output of the earlier routine) into SAS data-sets.
SAS created files are the real master~files of the present system, which would be
eventually updated (section 2.3) and used as input for data-retrieval and report-
ing (section 2.4).

2.3 Updating routine

This routine hasg two functions namely:

1) to replace the existing country data for a particular reference year with im-
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proved data, based on additional information available, since the country brief
was written; and

(11) to add data of new countries not so far included in the master-file.

The basic data for updating will be coded in the manner indicated in section 2.1 and
edited exactly in the same manner as described in section 2.2 resulting in a mini-data-set
to serve as input to the updating routine. When coded for the first time, the country ver-
sion code will be 1. At the next revision, the country revision code will be incremented
by 1.

All updating routines are written in the SAS language using commands like REPLACE,
ADD etc.

It is planned to update the master-files only once a year. After each updating the
master-file version code will be incremented by 1.

2.4. Data retrieval and reporting routines

At present three main categories of output needs are foreseen:

(1) annual reports on the state of forest resources at global, regional and national
levels;

(i1) creation of derived data-sets for selected countries and/or selected items from
the master-file with or without summary tables/files; and

(1ii) on-line enquiries.

The master-file contains the bhasic forest resource information up to the end of 1980 as
well as the estimates of annual rate of changes. The two together will form the basis for
calculating the estimated country values for the years 1981 to 1985, and for making regional
and global summaries.

The second type of use will consist in providing derived data-sets to individuals and
institutions to serve as input to their own investigations.

Finally, the most frequent use of the master-file, perhaps, would consist in providing
quick angwers to specific queries about forest resources at country, regional and global
levels, through on-line enquiries. This will involve searching and locating relevant in-
formation, making summaries and displaying the results on the screen. Main users belonging
to this category will be FAQ Headquarters staff, visiting consultants/experts of FAO and of
other international and national organizations.

3. CONCLUSION

The computerization of the file will considerably increase the use of the results of
the project and make it possible gradually to "graft" on results concerning countries not
handled by the project and, possibly, data other than those concerned with wood resources.
It will, moreover, provide that indispensable smoothness to the processing, improving and
updating of the file on a continuous basis. It is to be hoped, therefore, that the neces-
sary means will be quickly made available in order to create as soon as possible this com-

puterized data base,
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List of other statistical and cartographic syntheses at regional and global levels

on tropical forest resources

Anonymous ''Weltforstatlas" (World Forestry Atlas) - prepared by Bundesforschungsanstalt

1951 filr Forst - und Holzwirtschaft - Reinbek bei Hamburg
Steenis, C.G.C.J. van '"Vegetation Map of Malaysia 1:5 000 000" - "Commentary on the Vege-
1958 tation Map of Malaysia 1:5 000 000" - published in collaboration with Unesco for

the Unesco Humid Tropics Research Project"

Keay, R.W.J. '"Vegetation Map of Africa South of the Tropic of Cancer - Explanatory Notes" -
1959 published on behalf of 1'Association pour 1'Etude Taxonomique de la Flore
d'Afrique Tropicale with the assistance of Unesco - London

FAO "World Forest Inventory- 1958" - Rome

1960

FAO "World Forest Inventory - 1963" - Rome

1966

Persson, R. 'World Forest Resources - Review of the World's Forest Resources in the Early
1974 1970's" - Department of Forest Survey - Research Notes - No. 17 - Stockholm

Persson, R. 'Forest Resources of Africa - An Approach to International Forest Resources
1975 Appraisals" - Part I: "Country Descriptions" - Part II: '"Regional Analysis" -
Department of Forest Survey - Research Notes - No. 18 - Stockholm

FAO "Appraisal of the Forest Resources of the Latin American Region" - Additional

1976 document presented at the 12th Session of the Latin America Forestry Commis-~
sion - La Habana (Cuba) - 2-7 February 1976 - FAO Regional Office for Latin
America - Santiago (Chile)

FAO "Forest Resources in the Asia and Far East Region' - Rome
1976

Schmithiisen, J. "Atlas ziir Biogeographie" - Bibliographisches Institut Mannheim/Vienna/
1976 Ziirich

Sommer, A. "Attempt at an Assessment of the World's Tropical Forests' - in Unasylva - Vol.
1976 28 -~ Nos. 112-113 - Rome

Hueck, K. "Los bosques de Sudamérica - Ecologfa, composicién e importancia econdmica" -
1978 Eschborn (R.F.A.)

Lanly, J.P. and Clément, J. '"Present and Future Forest and Plantation Areas in the Tro-
1979 pics" - FAO document FO: Misc/79/1 - Rome

Institut de la Carte Internationale du Tapis Végétal 'Vegetation Map of South America" -
1980 published by Unesco - Paris

White, F. "Unesco/AETFAT ~ Vegetation Map of Africa - Scale 1:5 000 000" - (proof) -
1980 Oxford (U.K.)
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