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PREFACE

Under the auspices of Divisions 1, 3 and 4* of the International Union of

Forestry Research Organizations (IUFRO) and the Working Group on Land

Evaluation of the International Society of Soil Science (ISSS), an Interna-

tional Workshop on Land Evaluation for Forestry took place at the Interna-

tional Agricultural Centre in Wageningen, The Netherlands on November 10-14,

1980.

This workshop was a result of

- the growing need among foresters to coordinate and integrate studies
concerned with site-and terrain classification and forest management
planning;

- the wish to incorporate forestry in a recently developed land evalua-
tion approach, mainly oriented towards agriculture.

The organizing committee consisted of K.J. Beek, chairman of the Working

Group on Land Evaluation of ISSS, M. Bol, coordinator of Division 3 of

IUFRO, C.P. van Goor, deputy coordinator of Division 1 of IUFRO and

P. Laban, secretary. l

The preparations for this workshop were made possible through the efforts of

staff of the Dorschkamp Research Institute for Forestry and Landscape Plan-

ning, while staff of the International Agricultural Centre accounted for the

smooth progression of the workshop week. The publication of the proceedings

came about under the responsibility of the International Institute for Land

Reclamation and Improvement (ILRI).

Wageningen, January 1981

* Division 1: Forest Environment and Silviculture
Division 3: Forest Operation and Techniques
Division 4: Planning, Economice, Growth and Yield, Management and
Policy




CONTENTS

ABSTRACT

MAIN CONCLUSIONS AND RECOMMENDATIONS

1.2

2.3

2.4

2.5
2.6

2.7

INTRODUCTION TO THE WORKSHOP

Opening speech by Dr. W.M. Otto, Director—General for
Land Development and Forestry of the Netherlands

Ministry of Agriculture

Welcome address by Dr. W.G. Sombroek, Secretary-General

of the International Society of Soil Science

Welcome address and introduction by Ir. C.P. van Goor,
Deputy Coordinator of Division 1 (Forest environment and
Silviculture) of the International Union of Forestry
Research Organizations

CONCLUSIONS, RECOMMENDATIONS AND ACTIONS

Introduction

General conclusions

General recommendations

Establishment of a Joint IUFRO/ISSS Working Group on

Land Evaluation for Forestry
Preparation of guidelines on land evaluation for forestry
Technical recommendations and conclusions

Working plan of the Joint IUFRO/ISSS Working Group on

Land Evaluation for Forestry

Page

10

10

14

17

20
20
20

21

22
23

23

27




.1

PAPERS PRESENTED AT THE WORKSHOP 30
Papers on "The State of the Art" 30

Session 1. Dynamics of Forest Ecosystems 30

- Dynamics of Forest Ecosystems in Relation to their
Utilization; Subtropical and Tropical Regions

R.M., Lawton 31

- Dynamics of Forest Ecosystems in Relation to their
Utilization; North Temperate Zone

D.C. Malcolm . 48

Session 2. Inventory Techniques and Land Classification 63

- Inventory Techniques and Classification of Forest
Resources

S. Andel 64

- The Role of Single Land Attributes in Forest
Evaluation

1.S. Zonneveld 76

-~ . Integrated Approaches to Classifying Land as
Ecosystems

R.G. Bailey 95

- FAO's Experience in Land Classification for Forestry
with Particular Reference to Developing Countries

L.S. Botero (ed. FAO) .. 110

Session 3. Site and Terrain Classification 133

- Site Classification Systems Used in Forestry
W. Kilian : © 134
- Terrain Classification Systems for Forestry in the

Nordic Countries

S. Berg 152

- Evaluations of Forest Land in the United States

D.E. McCormack, R.E. Hartung and K.N. Larson 167




3.2 Papers on "An integrative Land Evaluation Approach"

Session 1. Concepts and Procedure

- Principles, Basic Concepts and Procedure in
Land Evaluatibn, Considered from a Forestry Angle

J. Bennema, H.F. Gelens and P. Laban

- Land Utilization Types for Forestry
S. Andel, M. Bol, C.P. van Goor, P. Laban (ed.),

E.M. Lammerts van Bueren and A. van Maaren

Session 2. Land Qualities and their Relationships with

the Land Use Requirements of Land Utilization Types

- Land Qualities and Growth in the Tropics

B. Lundgren

- Land Qualities and Forest Operations

H. Loffler

- Land Qualities and Conservation

D.0. Nelson

Session 3. Important Aspects and Applications

- Land Evaluation, a Systematic Approach

K.J. Beek and P. Laban

- Problems of Land Suitability Classification for
Forestry in Central Europe

R. Plochmann

- Application of the Framework for Land Evaluation
to Forestry in Developing Countries

M.F. Purnell (FAQ)
APPENDIX

1 Organizing committee of the workshop
2 Official invitations

3 Participants

180

180

181

203
236
237

253

275

297

298

324

340

351

351

352




ABSTRACT

These proceedings assemble the papers presented at the International
Workshop on Land Evaluation for Forestry, while the discussions held during
the workshop week are considered in an elaborate set of conclusions and
recommendations.

The papers are divided into two groups. The first group, '"The State of the
Art", deals with subjects profoundly studied in the past, namely the eco-
logical dynamics of forests and other. woody vegetation types, inventory
techniques of vegetation and land, land classification systéms and classi-
fication systems describing specific use/single factor relationships between
vegetation and land. These subjects provide the physical and ecological data
and knowledge incontestably needed for a wise application of the subjects '
treated in the second group: "An Integrative Land Evaluation Approach".

This land evaluation approach has been developed only in the last ten years
and mainly for agriculture. This second group of papers reviews concepts and
procedures and elaborates on the applicability of this approach to forestry.
The papers provide ideas and proposals for a further development of land
evaluation for forestry, particularly regarding the definition of land uti-
lization types,'the relationships between land qualities and land use‘re—
quirements of land utilization types, the use of a systems approach in land
evaluation and the applicability of land evaluation for forestry to Europe

and developing countries.




MAIN CONCLUSIONS AND RECOMMENDATIONS

Whereas problems of land degradation, deforestation, erosion, floods,

increasing scarcities of fuel wood, timber, pulp wood and other forest re-

sources and products, are increasing on a world-wide scale;

whereas the actual use of the land often no longer responds to the needs of

society;

whereas the need for comprehensive planning at all generalization levels is

increasing;

whereas tendencies towards strong specialization of disciplines and mono-

disciplinary studies are recognized;

whereas the above mentioned situations are particularly important in the

Third World countries;

the International WOrkshop‘on Land Evaluation for Forestry concludes that

a) the methods of the discussed land evaluation approach are applicable
to both forestry and agriculture;

b) this land evaluation approach is an important tool to solve the above
mentioned problems in an integrative way;

c) there is a great need to integrate land evaluation procedures with land

use planning processes.

The workshop recommends that )

a) organizations and scientists of different disciplines involved with the
above mentioned problems join and coordinate their efforts and activi-
ties to arrive at practical and comprehensible solutions in an integra-
tive way;

b) special guidelines on land evaluation-for forestry be prepéred, partic-
ularly referring to the specific problems in the different regions of
the Third World;

c) efforts made in site and terrain classifications as well as in forest
management planning be coordinated and integrated;

d) a Joint IUFRO/ISSS Working Group on Land Evaluation for Forestry be es-—
tablished; )

e) a permanent secretariat to enforce the activities of the above working

group be established;




f)

g)

h)

i)

D)

k)

1)

m)

n)

the Dorschkamp Research Institute for Forestry and Landscape Planning
and the International Institute for Aerial Survey and Earth Sciences
(ITC), both in the Netherlands, join forces to find financial support
to initiate such a working group and its secretariat, while pursuing
more permanent arrangements on an international basis, possib1§ with
FAO cooperation;

research to better define relationships between land characteristics,
land qualities and land use requirements of land utilization types be
promoted;

monitoring of these relationships bé highly emphasized;

the concept of land utilization types be considered as a practical
model developed énd used for evaluation and planning;

the dynamics and the continuance of the ecosystem, wherein the appli-
cation of a certain land utilization type is considéred, be recognized
as important preconditions of the land utilization type;

proper management of. forest ecosystems, in view of its important impacts
on the environment as a whole, be highly stressed;

monitoring of these impacts be highly stressed;

much study be devoted to the definition of overall land suitability
criteria to serve overall development objectives;

results of land evaluation be presented as simply as possible.




1 INTRODUCTION TO THE WORKSHOP

1.1 Opening speech by Dr. W.M. Otto, Director-General for Land Development

and Forestry of the Netherlands Ministry of Agriculture

On behalf of the Netherlands.Ministry of Agriculture, I am happy to cordial-
ly welcome all participants to the Workshop on Land Evaluation for Forestry.
This workshop is especially important since much attention in the world to-
day is focused on forests and forestry. The continuously increasing consump-
tion of wood exceeds wood production of the éxisting forest area on the
basis of sustained yield principle. This means that total forests are cut
down for consumption, but that the trees, the production capital, aré not
replanted, resulting in loss of forest area.

Wood as raw material for wood consuming industries is bécoming scarce in
developed countfies. This is affecting the forest situation in the entire
world. For example, Canada and Northern Europe, traditionally wood export-
ing regions, are now importing. In 1973 Sweden imported about 10 million m3
of wood, which will probably amount to 20 million m3 in 1980. Within the
EEC-countries wood consumption outruns productidn by more than 100 million
m3 of wood. This deficit will increase to about 230 million m3 annually by
the year 2000. ' ‘

In spite of the efforts to afforest wasteland and less productive land, in
the developed countries it appears impossible to keep pace with the demand
of wood. As a consequence, many industrial coﬁntries turn to the forests of
the developing world in the tropics and subtropics, accelerating land degra-
dation in these regions.

In larger parts of Asia, Africa and Latin America a degradation process of
rural areas is taking place through loss of soil productivity and eﬁviron—
mental qualities manifest in erosion, silting up of irrigation systems and
storage lakes, floods, salinization and desertification. The main causes of
this process are improper land use, such as overgrazing, agriculture on too
steep slopes, shifting cultivétion, neglect of maintenance of irrigation
systems and above all, deforestation, which in turn are side-effects of fast
changing socio-economical and political circumstances.

The troﬁics, having about half the world's forests, has an estimated popula-

tion of one billion people, most of which are the poorest in the world.
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20 Million ha of primary forests is opened up and utilized annually of
which 5 million ha is definitely lost.

Two human actions are of paramount importance in this respect. The first,
shifting cultivation, is applied by about 200 - 250 million people, only a
part making use of it in the traditional way. The second action is related
to the harvesting of wood. About 80% of the wood producéd in the tropics is
used for fuel; 207 is used otherwise., Half of this quantity is exported
mostly to Japan, Europe and the United States. Considering the increasing
demand for wood in industrial countries, the need for hard currency in the
developing countries and the people's dependence on wood for energy in most
of the tropical countries, it is obvious that the tropical forests will
severely suffer under the growing pressure of the competition for wood. If
no measures are taken to turn the trend of events, in the near future one
will be faced with:

- seriously endangefed means of living for 200 million people;

- insufficient sﬁpply of timber .and energy, with consequences for a much
' larger group of people; v

- further soil degradation, acceleration of erosion and disruptiqn of the

hydrology of catchment areas.

It is therefore obvious that forestry has to be <ntegrated with the other
relevant -kinds of land use in land use planning. In the developed countries
the goal of integration will mainly be to increase wood production so as to
lessen the gap between consumption and production. In the developing coun-
tries, however, the goal is more complex and deals mainly with rehabilitat-
ing environmental qualities of the land and supplying wood for energy and
raw material for wood-consuming industries and export.

Let us concentrate for a moment on the developing countries, having the
greatest necessity for finding solutionms.

The relationship between rural community and forestry is different for each’
individual country. There is mnot only a difference in physical and forestry
conditions, but also in population density and nature. The Southeast Asian
and Sahel countries, for example, differ immensely regarding not only the
actual situation, but also the land use problems and the land use planning.
Each country has its specific forestry problems and requires a specifically

adapted approach for forestry development.
) 1i




However, to stop the ecological deterioration, many very serious
difficulties must be overcome to be able to develop an efficient strategy
for rehabilitation, maintenance and management of the natural resources.
Firstly, the disruption process is rather slow and generally not well
monitored. Governments have the tendency, of course,-to give priority to
short term problems to be solved immediately. Secondly, each activity to
tackle these problems includes costly measures, which are politically and
administratively unattractive. Moreover, legislation of these measures is
often insufficient. Thirdly, current problems, hunger and poverty for ex-—
ample, are urgent and require all efforts, leaving little time and energy
for the study, let alone the solution, of tomorrow's problems. Therefore
conservation, maintenance and rehabilitation of natural resources are still
far from being an important part of rural development policy.

Nevertheless, integrating the action programmes of rural development, - agri-
culture, forestry, ecology and nature conservation is the only solution.
Mr. Tolba, executive director of the UNEP, suggested the same this year. He
considered land use planning as one way of finding a solution. Land use
planning can result in rational land management, influencing environment as

well as use of natural resources and living conditions of the population.

Forestry is familiar with long term planning, natural and semi-natural eco-
systems and economical problems such as production and marketing. Therefore
in rural development forestry is particularly qualified to function as a
bridge between agriculturists and ecologists.

The initiative of IUFRO and ISSS to organize this Workshop on Land Evalua-
tion for Forestry was well taken. The FAO framework for land evaluation
provides a sound basis for the proéedures to be applied for agricultural
development. It includes not only agrotechnical aspects, but also the
socio—economical characteristics of the region to be developed and the eco-
logical impacts and consequences of the land use. It is very worthwhile to
study possible modifications of this framework adapted to forestry with its
long term effects on the ecological and hydrological situation of specific
regions. .

I welcome this initiative because it brought together the various special-
ists in forestry - ecologists, economists, operation experts, silvicultur-

ists - with the specialists in soil and land use. These experts have to
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supply the information so that politic¢ians and administrators become aware
of the consequences of the decisions they do or do not take, regarding land
use and land use planning in their countries. I hope the study and

discussions will be fruitful.

There is one remark to be made. As I explained before, rehabilitation of the
environment and prevention of further land degradation is especially urgent
in the tropical countries. Therefore, since our colleagues from these coun—
tries have the toughest job, they might be most interested in the progress
made in this field. May I suggest to send the important workshop results to
these colleagues, as far as they are not represented here.

- May I conclude, Mr., Chairman, with a personal remark. Having practiced both
forestry and soil science, I became familiar with quite a peculiar difference
in approaches between foresters and soil scientists, both involved in site
classification. The forester was always inclined to first look wpward to the
tree tops, the soil scientist dowmward, digging into the soil, I hope the
participants of this workshop can find a way to do both. In land evaluation
looking upwards to the trees and gownwards to the soil is apparently the best
way to see the future of our Mother Earth.

I wish you all success and I am happy to declare this workshop open.




1.2 Welcome address by Dr.Ir. W.G. Sombroek, Secretary-General of the

International Society of Soil Science

Mr. Chairman, esteemed representatives of the Dutch Ministry of Agriculture
and of IUFRO, participants of this workshop, ladies and gentlemen,

it is my great pleasure to say'a few words of welcome at this International
Workshop on Land Evaluation for Forestry on behalf of the Executive Commit-
tee of the International Society of Soil Science (ISSS), one of the
organisers.

For those of you not familiar with this soil science organisation, I would
like to mention that ?t is a society of persons and institutions engaged in
the study and the application of all aspects of soil science. The society
exists nearly 60 years and now has a membership of about 7000 soil scien-
tists from practically‘every country of the world. It has seven standing
commissions, each dealing with a major branch of soil science, namely soil
physics, soil chemistry, soil biology, soil fertility and plant nutrition,
soil genesis, classification and cartography, soil technology, and soil
mineralogy. Each of these commissions may have ad-hoc working groups on sub-
jects that merit special attention.

Land assessment for its productive capacity is as old as Kain and Abel. As
an applied scientific activity, it emerged in the early twentieth century
and became known as land capability classification. In this monolithic sys-
tem of land appraisal, areas of prime inherent quality were always to be
reserved to grow annual arable cash crops. Viewing that forests would grow
nearly everywhere and that their productivity would be small anyhow, land
suitable for forestry was considered oﬁly at the bottom of the list of capa-
bility.classes.

Understandably, forestry people weht their own way, trying to safeguard the
remaining natural forests and developing their own site and terrain classi-
fication methods for forest productivity. While soils and land development
people tried to bring the farmer in, the forestry people tried to keep him

_ out, in many countries resulting in a definite antagonism between forestry
research or management organisations on the one hand and agricultural devel-

opment organisations, including soil survey units, on the other hand.

Recently, however, some change for the better has taken place. The unique

“value of forests for land conservation and recreation has become widely
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appreciated, and the productive capacity for fuel, timber, pulp and other
products, has in its own right become increasingly acknowledged. Dr. Otto
has already elaborated on this, especially with regard to developing coun-
tries.

The new idea of "agro-forestry" is to harmonise forest and crop functions

of land in the tropics and to replace the predominant attention to arable
crops in land capability classification by.equal attention to all relevant
kinds of land use through the development of a new methodology called "land
evaluation". -

The basic concepts for this methodology were developed in the early seven-
ties by two closely cooperating interdisciplinary working groups, one in
Wageningen and one at FAO, Rome. It drew on a number of new field procedures
for land classification, notably those applied by the FAO staff in Brazil
and Iran.

Precisely because of its interdisciplinary and ﬁulti—purpbse character,
without bias towards arable crop production, soil scientists and land use
planners have gradually accepted the methodology as a suitable framework

for application in very diverse circumstancés, both in temperate regions

and in developing countries.

It was therefore logical that in due course an official Working Group on
Land Evaluation be created within ISSS, as part of its standing Commission
on Soil Technology, to deepen concepts and promote application. With Prof.
K.J. Beek as chairman and Df. D.E. McCormack as secretary, it was decided

to get together soonest with the forestry research people as united in IUFRO
to explore possibilities for an effective scientific cooperation on "land
evaluation for forestry'". And here we are at the start.

I would like to take this opportunity, Mr. Chairman, to recommend another
under-valued type of land use for future attention by the ISSS working group.
Forestry may be as old as Adam in his paradise (the tree of lifel), but his
immediate offspring apparently had to deal with the harsh life of extensive
grazing. For this "range management' type of land use, prevalent in many of
the drier parts of the world, there is a definite need to harmonise concepts
and procedures in land value aséessment also.

There seems to be a fair chance that the tsetse fly infestation of so many
parts of Africa will be overcome in the near future. Vast areas of potential

range lands will then be opened up. An adequate methodology to assess the
15




range potential in comparison with other relevant uses of the land is highly
needed. The ISSS land. evaluation working groups, in cooperating with range
management specialists and development organisations like FAO, may well want
to take the lead in harmonising methodologies.

Now, ladies and gentlemen, returning to forestry, the subject of the day, I
- wish you a very successful workshop. Judging from the contents of the sub-
mitted papers, the elements for agreement certainly exist. Hopefully you
will together arrive at some kind of manual of procedures to be followed in
land evaluation for forestry, both in temperate and tropical regioms. For
the well-being of our Mother Earth and all her inHabitants, may this work-
shop mark the disappearance of any competition, replacing it with coopera-

tion at all levels of research and development.

Thank you.

I¢
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1.3 Welcome address and introduction by Ir. C.P. van Goor, Deputy
Coordinator of Division 1 (Forest Environment and Silviculture) of the

International Union of Forestry Research Organizations

On behalf of the International Union of Forestry Research Organizations
(IUFRO), I am very delighted to welcome you to this Workshop on Land Evalua-
tion for Forestry, jointly organized with the International Society of Soil
Science. '

For those among you who do not know IUFRO, I would like to very briefly ex-
plain its aims and organization. The main aim of IUFRO - a scientific for-
estry society of more than 80 years - is to promote international coopera-
tion in scientific studies, embracing the whole field of forestry related
research, including forestry operations and forest products. Among others,
this aim is achieved by exchange of ideas among forest scientists, by en-
couragement of cooperation between member organizations, by promotion of
dissemination and application of’research results. Cooperation with other
organizatibns, particularly the Food and Agricultural Organization (FAOQ) of
the United Nations, is an important activity. On this occasion, we are very
pleased indeed to also welcome FAO participation and contribution.

The IUFRO organization consists of six divisions, subdivided into research
groups composed of working parties. Three divisions are cooperating in this
week's workshop, namely Division 1: "Forest Environment and Silviculture",
Division 3: "Forest Operations and Techniques'" and Division 4: "Planning,
Economics, Growth and Yield, Management and Policy". Both Prof. Bol and
Prof. Plochmann, coordinators of Divisions 3 and 4 respectively, are par-

ticipating in and contributing to this workshop.

The idea to initiate activities in land evaluation for forestry has existed
for a long time. Site classification, particularly directed to the relation-—
ship between growth of trees or stands and site, has been receiving ample
attention within IUFRO since its beginning. Terrain classification, focus~

- ing on the relationship between terrain operations and conditions, has been
in development since World War II. IUFRO members also cooperate on research
regarding erosion and avalanches with respect to forestry and soil conserva-
tion. It is regrettable that, although requested, the IUFRO groups active in

this field will not contribute to this workshop.
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It was felt that this sectorial approach, aimed at a specific kind of "land
classification", should be integrated, but the IUFRO project group, estab-
lished to study this pfoblem, did not succeed in finding the right way.
Agter the FAO framework for land evaluation came into being, the perspec-
tives for integration became more hopeful and realistic. This framework is
fundamental and although it is mainly applied to agriculture, in principle
it can also be used in forestry. However, the specific ecological character-
istics of a forest, such as being part of the land and having long produc-
tion processes, may create certain complications, Therefore it is of great
importance that both IUFRO and ISSS pool their knowledge and éxperience to
study adaptation of this framework to land evaluation for forestry. For
many of us this will be an experiment and the organizing committee is grate-
ful that a numbef of you were willing to give your opinion on land evalua-
tion for forestry in view of your specialization.

Land evaluation for forestry is, if I may use my own words, a systematic
approach to the process of fitting forestry into the land use planning of a
certain country or region. That "certain' country or region is essential.
Its political, socio-economical and physical conditions determine the spe-
éifié needs of its society for forests, wood and other forest products.
These needs are not only related to the removable produce, but also to the
significance of forests for an efficient land and water management of water- .
sheds or even larger regionms.

Subsequently those specific needs are translated into land use objectives.
Based on these objectives and the overall physical conditions of the regions,
land utilization types (LUT) for forestry are defined. These LUTs, derived
from the land use objectives and at the same time.specific for the land use
requirements, are the centre-piece of the land evaluation process. The land
use requirements refer to growth, operations and sustained maintenance of
forest ecosystems. In the accompanying table this process is given schemati-
cally. The land use requirements of the relevant LUTs are confronted with
the qualities of the land. Through this confrontation the suitability of the

land for the relevant LUTs can be concluded.
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Simplified scheme of the process of land evaluation for forestry.

Political, socio—economical

and physical situation

Specific need of society for

forests, wood and forest products

Land use objectives

l

Land utilization types

(LUT)

!

Land use requirements (LUR)

Land characteristics —s Land qualities AJ

(1Q)

Confrontation of LQs and LURs;

Land suitability classification

I have given this schematic and very simplified synopsis of the land
evaluation process to assist us in staying on the right track during our
discussions of the coming days.

I hope this workshop will be successful and bring us a bit furthe;vin the

field of forestry, land evaluation and land use planning.
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CONCLUSIONS, RECOMMENDATIONS AND ACTIONS

Introduction

The conclusions and recommendations stated below.were arrived at as follows:

a.

2.

Each presentation of papers was followed by a discussion covered by ap-

pointed rapporteurs (Monday through Wednesday, November 10-12).

On the basis of their reports, a recommendations committee consisting

of FAO representatives, session chairmen, rapporteurs and the organiz-

ing workshop committee, drew up a list of recommendations and other
remarks for one or more of the following subject groups:

- strategy and objectives for follow up;

- basic data collection; relationships between land characteristics
and land qualities, between land qualities and land use require-
ments; monitoring of land qualities; functional land classifica-
tion and descriptive land evaluation;

- identification and definition of actual as well as prospective
land utilization types and land use systems; prescriptive land
evaluation with special reference to land use planning and multi-
ple land uses (overall land suitability criteria); application of
land evaluation to forest planning and management;

- conservation aspects and ecological constraints. of land evaluation.

A separate discussion group dealt with each of the above subject groups

(Friday morning, November 14).

The conclusions and recommendations resulting from these group discus-

sions were presented, commented on and épproved in a plenary session of

the workshop, conducted by Prof.Dr.Ir. A.P.A. Vink (chairman) and

Ir. P. Laban (secretary) (Friday afternoon, November 14).

General conclusions

The effort to develop and apply a systematic and logical approach to
land evaluation is justified by the observation that in many cases the
actual land use situation does not correspond with the desired land
use. A

For a better understanding of land classification systems used in dif-

ferent parts of the world terminology and approaches must be
20




standardized. For forestry, the concepts of land evaluation can be used
to improve communication, leading to further progress in classification
and evaluation, and to make possible comparison between forestry and
other land uses. .

Land degradation, deforestation, and increasing scarcities of fuel wood,
pulp wood, timber and other forest resources and produgts are becoming
more and more a problem on a world-wide scale. The workshop emphasizes
thebneed for integrated approaches to find solutions in which forestry
has to have its proper part.

In viéw of these problem areas and other specific aspects of forestry
(such as long rotations, multiple use objectives, etc.), therelis a
world-wide need for comprehensive planning regarding forestry at all
levels of generalization.

A land evaluation approach, as discussed in this workshop, can be con-
sidered as a useful tool to collect and analyze data within a continu-.
ous land use planning process.

It is necessary, however, to define within which historical, administra-
tive, political, socio—economical and legal context land evaluation is

applicable.

General recommendations

The workshop recommends that the role of land evaluation within the
overall planning process be studied and clarified at specific levels of
detail.

Due to the increasing need for fuel wood, it is recommended that action
be taken in the field of energy supply, forestry and rural development.
The workshop recommends land evaluation studies as a base for such ac-
tivities and to be integrated in concerning programmes.

The workshop recommends thaﬁ special guidelines on land evaluation for
fofestry be prepared (see 2.5).

The workshop recommends that research and development in the fields of
site and terrain classification as well as in forest management planning

be coordinated and integrated.
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The workshop recommends IUFRO to revitalize the activities of their
interdivisional Project Group P1.02-00, Land Classification, empha-
sizing land evaluation approaches.
The workshop recommends close cooperation between IUFRO and ISSS on
‘land evaluation by establishing a Joint IUFRO/ISSS Working Group on
Land Evaluation for Forestry (see 2.4).
The workshop recommends the following international agencies: IUFRO,
UNEP, UNESCO, MAB, ICRAF, ECE, OECD, International Development Banks,
other multilateral and bilateral development aid organizations and
particularly FAO and its related working commissions
to encourage development and application of land evaluation
methods as an accepted integral part of land use planning;
to promote testing of land evaluation methodology in specific case
studies, especially in the Third World countries.
To achieve an integrated methodology of land evaluation for forest land
use planning, the agencies concerned should give special attention to
close cooperation between foresters, soil scientists, socio-economists
and land evaluation specialists.
The workshop recommends professional organizations in soil science and
forestry to join their efforts and activities at a national level to

achieve a common approach to land evaluation for forestry.

Establishment of a Joint IUFRO/ISSS Working Group on Land Evaluation

for Forestry

The workshop recommends the Executive Boards of the International
. Union of Forestry Research Organizations (IUFRO) and the International
Society of Soil Science (ISSS) to consider the establishment of a
Joint IUFRO/ISSS Working Group on Land Evaluation for Forestry.

The workshop recommends that the Dorschkamp Research Institute for
Forestry and Landscape Planning and the International Institute for
Aerial Survey and Earth Sciences initiate the activities of the above
mentioned joint working group.

The workshop expresses the hope that temporary organizational and
financial support can be found in the Netherlands to enable an early

start of the activities of such a joint working group. More permanent
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arrangements on an international basis, however, should be pursued,
possibly with FAO cooperation. ) -
- The activities of the Joint IUFRO/ISSS Working Group on Land Evaluation

for Forestry should be based on a working plan (see 2.7).

2.5 Preparation of guidelines on land evaluation for forestry

- The &orkshop recommends the Food and Agficultural Organization (FAQ) of
the United Nations to consider the preparation of guideiines on land
evaluation for forestry, '

- Such an activity should be strongly supported by the Joint IUFRO/ISSS
Working Group on Lana Evaluation for Forestry.

- To develop such guidelines, the following four-step effort is
recommended:

a. preparation of a preliminary draft methodology for land evaluation
for forestry; _

b. examination of the draft methodology and necessary imprdvements by
a special working group; i

.c. testing of the methodology (guidelines) in a number of case stud-
ies in a wide range of physical and socio—economical conditions;

d. revision of the methodology, according to feedback from test pro-
jects and dissemination of this for wider use.

- In a publication of above guidelines,- attention should also be paid to
those forms of forestry that are of special interest to rural community
development,

- Such guidelines should be developed within the "Framework for land

evaluation'" (FAO Soils Bulletin no., 32, 1976, Rome).

2.6 Technical recommendations and conclusions

2.6.1 On data collection and monitoring

- There was general agreement that an integrated approach for environ-
' mentdl surveysAis required to facilitate more comprehensive planning
and management.
- The integrated holistic approach to land inventory is being applied
with increasing frequency around the world. It allows organization of
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complex ecological information in hierarchical sysfems in a taxonomic
as well as a mapping sense. Experience by government agencies and the
FAQ demonstrates that the various planning and management levels
(world, national, regional, local, etc.) can be effectively served by
comparable land inventory levels. .

- Monitoring is an important land evaluation aspect. .

2.6.2 On land, land characteristics, land qualities and land use

requirements

- It is recommended that existing inventories and surveys, including
site-, terrain classification and integrated land inventories, be
interpreted to determine their relationships to land qualities.

- It is recognized that more research is needed in
a. . better defining the relationships between land characteristics and

land qualities;

b. evolving a checklist of land qualities important for forestry,
which should also include the relationships between vegetation and
land qualities; ‘

c. better defining the relationships between land qualities and land
use requirements of land utilization types; in this context pro-

ductivity ratings should also be investigated.

2.6.3 On the difference of land evaluation for forestry or agriculture

- Land evaluation for forest and non-forest areas is similar, but some
parameters are different.

- The applicability of the Framework for land evaluation to forestry
should be ascertained. Several concepts, such as land characteriétics,
land qualities and land utilization types (LUT), as defined by Beek
(1978, p. 331), are considered appropriate for forestry purposes.

- The fact that forests can have a rotation length longer than a human

life-span should be considered.,

2.6.4 On land utilization types for forestry

- Usually the LUTs for a man-made forest will be different from those for

a natural forest, even if the objectives are similar.
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- LUTs should be formulated for production (timber, firewood, etc.),
conservation, recreation and other objectives, although it is often
possible and necessary to devise multiple LUTs combining several
objectives. ‘

- The definition of LUTs should.speéify the forest produce and resources
to be obtained from the land. Such a definition may be made at differ-
ent levels of generalization.

- These generalization levels will influence data and the detail'needed
for land evaluation.

- Recognizing that LUTs might change in the future, the following points
are pertinent: ’

a. The purpose and procedure may withiﬁ an existing forest ecosystem
be changed for a given stand, although most aspects of the eco-
system are retained. This will result in a change in the LUT.

b. ~Human intervention in forests and related ecosystems has to leave
.room for changes of the LUTs in the same forest and ecosystem by
future generations.

c. Alternative LUTs should be defined for future land use planning
decisions. .

- Procedures for selecting and defining LUTs for forestry should be

tested.

2.6.5 On LUTs and ecosystems

-  The workshop expressed the need for a clear diétinction between the
concepts of ecosystems and LUTs.

- Although both concepts relate to land (see FAO definition), LUTs are

. defined for management objectives and therefore are more appropriate

for planning purposes.

- In defining LUTs, however, existing knowledge of forest ecology should
be taken into account,

- LUTs have to include considerations of ecological dynamics and stabil-

ity; land degradation and land improvement.

2.6.6 On land conservation

- Forest conservation is defined as follows:

management of forest land to achieve a set of management objectives,
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including maintenance or improvement of production on a sustained
basis, envirommental protection and maintenance of genetic resources.

- Conservation of land and forest should be an integral component of

1 every LUT, although individual LUTs can emphasize specific land conser-
vation objectives.,

- There is a need to determine how to incorporate land qualities related
to land degradation and other environmental impacts in the land evalua-
tion process.

- There is a need for an integrated approach combining forestry, soil
science, ecology, economics and sociology to respond to the world prob-

'lems of land degradation, deforestation and increasing scarcity of for-

est products.
v

- 2.6.7 On management of forest ecosystems and ecological constraints

- Management should’ take account of ecological constraints, particularly
- regarding the effects on land qualities of rotation length, harvest in-
tensity, site preparation, period without soil cover, intensity and
type of mechanization and other silvicultural practices. '

- - Application of management of forest ecosystems must regard the dynamics
of these ecosystems as well as its impact on the enviromment. as a whole,
particularly to: ) ' ‘

a. the potential for changes in ecosystems, e.g.'canopy structure,

species composition, and other physical, chemical and biological

conditions;
.b. the potential fo} ecological flexibility of LUTs to be able to
respond to changes in society's needs;
c. the effects of treatments on off-site values and adjacent ecosys-—
tems; the interrelationships between ecosystems;
d. the potential for natural catastrophes such as erosion, land
slides, floods, desertification, etc. . ‘
- Monitoring the effects of forest management practices in both short and
long term for natural forests as well as forest plantations should be

highly emphasised.
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2.6.8 On land evaluation and land use planning

- Land evaluation should be viewed as an iqﬁegral parf of the overall
land use planning process for farestry, although its precise role in
.this process should still be studied and clarified.

- In some cases, however, it may be desirable to evaluate land strictly
in terms of physical qualities. The result may eventually be used for
political decisions to change the legal and administrative constraints
in view of current and future needs of society.

- More study should be given to the definition of overall land suitabil-
ity criteria to serve overall development objectives.

- The results of land evaluation should be presented as simply as possi-

ble for use in planning.

2.7 Working plan of the Joint IUFRO/ISSS Working Group on Land Evaluation

for Forestry

2.7.1 Objectives

To encourage development and implementation of land evaluation methodology
as an accepted (integral) part of the land use planning process 1is an im-
portant objective of the Joint IUFRO/ISSS Working Group on Land Evaluation

for Forestry.

More detailed objectives are:
standardization of approach and terminology;
coordination and encouragement of research and development in land
evaluation for forestry; -

c. establishment of priorities related to research and development and to
applications in developing countries;

d. methodology tests and demonstrations;

e. dissemination of information on land evaluation, emphasizing benefits
and cost of land evaluation;

f. encouragement of training programmes and activities at all levels re-

lated to land evaluation.
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2.7.2 Outputs

a. A series of reports related to land evaluation for forestry, including
case studies, will be promoted. Such reports will be considered as vol-
umes within a "Land Evaluation for Forestry" series. However, the indi-
vidual volumes of such a series do not necessarily have to be published
by the same institution. The proceedings of this workshop will be the
first volume in the series.

b. An overview report on the role of land evaluation in land use planning,
in non-technical language for an outside readership of planners, with
reference to specific intensity levels and to specific geographic and
political considerations will be made.

c. The preparation of guidelines or land evaluation for forestry will be

supported (see 2.5).

d. Priorities for research and development (reporting to IUFRO, ISSS, FAO,

etc.) will be reviewed periodically.
e. A bibliography on land evaluation for forestry will be prepared.
Contributions to future meetings of 1SSS, IUFRO, FAO and other organi-

zations will be made.

g. An international network of pilot studies will be planned.
h. Seminars for land use planners and students will be organized.
i. An international workshop for land use planners and policy makers will

be organized.
j. Regional/national workshops on the topic of land evaluation for forest-

ry will be encouraged.

2.7.3 Organization

Provisional suggestions to consider to arrive at more precise proposals for
a Joint IUFRO/ISSS Working Grouplon Land Evaluation for Forestfy, are given
below: ‘

a. A permanent secretariat

To enable such a secretariat to start, representatives of the

Dorschkamp Research Institute and the ITC are willing to explbre possi-

ble sources of funds on a temporary basis. In the long run more perma-
nent arrangements should be pursued, eventually under the auspices of

an international organization as FAO.
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IUFRO and ISSS should be the initiating bodies sponsoring such a work-

ing group and its secretariat.

The IUFRO Project Group on Land Classification (P1.02-00) should be

reconvened.
This IUFRO project group together with the ISSS land evaluation.working

group could be the executive bodies for IUFRO and ISSS! »
IUFRO and ISSS members interested in this topic should be listed in a

directory. '
There should be close contact between the two chairmen (IUFRO and ISSS)

of this working group.
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Conflict between forestry, agriculture and grazing in Southern Brazil.

3 PAPERS PRESENTED AT THE WORKSHOP

3.1 Papers on '"The state of the art"; Session 1, Novemb%L 10, Monday

"Dynamics of forest ecosystems'

Chairman: I.S. Zonneveld; Rapporteur: P.J. Wood

- R.M. Lawton
Dynamics of forest ecosystems in relation to their utilization;
subtropical and tropical regions

- D.C. Malcolm
Dynamics of forest ecosystems in relation to their utilization;

north temperate zone 30




DYNAMICS OF FOREST ECOSYSTEMS IN RELATION TO THEIR
UTILIZATION SUBTROPICAL AND TROPICAL REGIONS

R.M. Lawton

Land Resources Development Centre, Overseas Development Admintietration.
Tolworth Tower, Surbiton, Surrey, England.

Summary . .

An ecosystém is defined. Natural forest ecosystems are traditionally '
considered to be land available for agricultural development. The social,
economic and political attitudes to forest land are discussed. The dynamics
of the forest éanopy are considered to be the key to the ecoldgy of the
forest and management is the ability to manipulate tﬁelcanopy in order to
obtain natural regeneration of valuable timber species. Intensively super-
vised research (Kennedy, 1935; MacGregor 1934) achieved successful—regenera-
tion, but could not be applied on a large scale. The history of the -
Tropical Shelterwood system and Selection System of management is reviewed.
The taungya system and enrichment planting is described. Forest plantations
are discussed and the different methods. of management in terms of LUT's are
considered. - ! .

The ecology of miombo, Brachystegia~Julbernardia woodland and its utilisa-
tion for charcoal and timber is described. The value of woodland ecosystems
in semi-arid and arid.regions to stabilise sand dunes, to condense mist and

to protect the environment and agricultural crops are discussed.

Introduction

Although the concept of an ecosystem was recognised last century, the term
was introduced by Tansley (1935) and has sirice been used and modified by a

number of workers including Duvigneaud (1974). In a discussion on land
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evaluation for forestry in terms of ecosystems, an ecosystem may be defined

as: "a unit of vegetation that consists not only of the plants of which it
is composed, but the animals habitually associated with them, including man,
and all the physical and chemical components of the immediate enviromment,
or habitat, which together form a recognisable entity".
An area of natural forest is an ecosystem, so is a timber plantation, a
cocoa, oil palm or rubber plantation, or a plot of yams or plantains, all of.
these are man-made ecosystems derived from the forest. This paper is mainly
concerned with forest ecosystems, that is natural forests and man-made plan-
tations for the production of timber and other forest resources. Ecosystems
. however cannot be considered as self-contained entities. There is an ex-
change.of energy .between them and they are inter—dependent, for example, a
forest ecdsystem on a catchment area will reduce erosion and regulate the
-water, supply to agricultural ecosystems on lower slopes and in the valleys.
In the terminology of the FAO framework for land evaluation, the different
forms of management of natural forest ecosystems will be described as dif-
ferent Land Utilization Types, and the man-made forest plantations (i.e.
_derived”ecoéystems), will aiso_be.aifferent Land Utilization Types.. The ob-
'jéctivé of land evaluation is to determine the most suitable Land Utiliza-
‘tion Type (LUT) for forestry with particular reference to the multiple use
of forest.resources. A
. wi;h this backgfound it is proposed. to discuss the dynamics of the tropical
xhigh'forest.ecosystems first; followed by the open forest or woodland eco-
'éystems of tﬁe seasonally dry tropics,- and finally, the woodland ecosystems
‘of the semi-arid and arid tropicél‘regions. But first of all it is necessary
folconsider the social, economic and political aspects that affect forest
.utiliéation, because these factors sometimes raise problems that are more

difficult to solve than those of an ecological and silvicultural nature.

- Social, economic and political aspects

An area of natural forest is traditionally coénsidered to be a piece of land
waifingvfor development. The cultivator knows that if he clears an area of
natural forest he will obtain good' agricultural yields for a few seasons,

this is because he is utilising the organic matter and nutrient capital
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built up by the forest. If the wishes of the local community are considered,

it is almost certain that the remaining areas of natural forest would ulti-
mately be cleared and utilised for agriculture.

Fortunately many tropical countries have established a forest estate that
includes the protection of forest cover over catchment areas, and the reser-
vation of some lowland forests that are rich in economic timber species.
With increasing human population pressure there is a demand for the release
of forest land for agriculture, and it is necessary for the central govern—
ment to have control over the forest estate, even though the land may be
under tribal ownership. This may lead to unpopularity and there is a risk
that forests may be used to obtain political gain. Forests are part of the
national heritage and they should not play a role in the field of party
politics.

Under traditional form of "slash and burn" or "swidden" agriculture, forest
and woodland regrowth is the fallow crop. Even mature stands of tropical
forest often bear evidence of ancient human occupation (Jones 1950). Nowa-
days secondary forest regrowth is cleared and recultivated after only a few
years. Eventually a planted leguminous fallow crop will probably replace

the natural forest fallow in the agricultural system.

It is difficult, probably impossible, to assess the economic value of some
of the attributes of the natural forest. The hardwood timbers are of course
of considerable value and as they become rarer their value will increase.
The protective role of forests in catchment areas and on steep slopes cannot
be assessed in economic terms. They reduce soil erosion and ensure that rain-
fall feeds the watertable that supports agriculture. The forests yield wild
fruits, leaves, fungi, snails, caterpillars, small mammals, honey, drugs and
medicines.etc., all of which form part of the cultural heritage of the local
community. The value of forests plants in the field of homeopathic medicine
is still largely unknown.

Apart from countries like Nigeria, that has its own oil resources, the energy
crisis has created economic difficulties in some of the poorer tropical coun-
tries. Kerosene, oil and electricity are now expensive and it is necessary
to use firewood and charcoal for domestic purposes. The fast-growing pioneer
and secondary species of the tropical forest, in particular Musanga

cecropioides and Maesopsiseminii in Africa, Cecropia spp. in South America
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and Macaranga spp. in Southeast Asia, are potential sources of fuel and

charcoal.

Recent technological advances, particulafly‘the introduction of the chain-
saw that has replaced the axe, have made it easier to clear the natural
forest and therefore remnant patches of forest are at risk.

All these factors form the background to a discussion on the dynamics of

tropical forest ecosystems.

The dynamics of tropical high forest ecosystems

fhe key to the ecology of the tropical high forest is a knowledge or under-
standing of the dynamics of the canopy. Under natural conditions the over
mature canopy emergent dies and may disintegrate in situ, gradually shedding
its crown and main stem. As the light reaches the forest floor, seedlings of
pioneer, secondary and ecdnomic species and climbers become established and
occupy the gap. Sometimes the over mature dominants and emergents are thrown
" by the wind and create large openings in the canopy, which may then be colo-
nised by fast growing light demanding pioneer species, or by climbers, or by
a comBination of both depending upon the chance availability of seed.

Fruit bats feed off the catkins of Musanga cecropioides, one of the West
African pioneer species, and distribute the seed over the gaps in the canopy.
Some of the light demanding secondary species like Terminalia ivorensis and
Triplochiton scleroxylon have winged fruits that are distributed by the wind.
Seed of the valuable timber trees that belong to the genera Khaya-and
Entandrophragma are released from capsules and dispersed by the wind. Both
Khaya spp. and Entandrophragma spp. require shade during the early stages of
dévelopment, so conditions favour their establishment under the light canopy
of the secondary species, but once they have reached the sapling stage they
requireAfull light in order to grow up into the canopy.

The climbers may form a tangle or dense carpet over the whole of the gap
(Jones 1950)., but eventually some of the secondary species will find a way
through the climber tangle, and will shade out the climbers. Favourable con-
ditions will then be created for the natural regeneration of the valuable
timber trees.

In the past elephant have played a role in the ecology of the tropical

forest. They may create gaps by pushing down some of the understorey trees,
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or they may open up the climber tangles so releasing the suppressed
secondary species. When their migratory routes are closed through agricul-
tural development and the elephant is confined to the forest, they may be-
come destructive as was the case in the Budongo forests of Uganda (Eggeling

1947).

The management of tropical high forest ecosystems

If the key to the ecology of the tropical high forest is a knowledge of the
dynamics of the canopy, then the key to management will be the ability to
panipulate the forest canopy in order to obtain natural regeneration of the
valuable timber species.

In the 1920's and 30's some silvicultural experiments were carried out in
the forests of Nigeria. Kennedy (1935) started by clearing an area of c. .8
ha around the stumps of exploited trees, but regeneration failed to colonise
the gaps. He then decided to attempt to establish regeneration around stand-
ing trees which were below the minimum exploitable girth (2.4 m), but suf-
ficiently mature to prodﬁce seed. The selected trees were kept under obser-
vation until they were seen to be in flower. The undergrowth, climbefs and

a number of‘understorey trees were then cut, opening up a gap of ¢. .8 ha.
All the branchwood and debris was removed from the parent tree and left to
dry and rot a little before burning. The direction of the prevéiling wind
was noted during seed-fall and the gap was opened to c. 1.6 ha to provide a
natural seed bed. '

Triplochiton scleroxylon, a light demander, was‘onevof the species under
investigation. It comes into seed just before the harmattan, a dry wind that
blows from the north, and the young seedlings require light overhead shade
to protect them from dessication. The shade will consist mainly of herbaceous
forest floor plants which will be completely removed by weeding as soon as
the harmattan is over. A few months later the seedlings are thinned to about
a density of 1 m x 1 m and later a second thinning to 2 m x 2 m is required.
Where natural regeneration failed, seed or transplants, were dibbled or
planted in the gaps. )

The Meliaceae (Khaya, Entandrophragma and Lovoa) are in seed during the
rains. The young seedlings will tolerate shade, but they require freedom

from overhead shade once they have reached the sapling stage (Jones, 1956).
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Kennedy succeeded in establishing large groups of natural regeneration of
these valuable timber species. MacGregor (1934) carried out similar experi-
ments in the mixed deciduous forests of Nigeria and was successful. The
research undertaken By Kennedy and MacGregor was intensively supervised by
experienced foresters. Each stand of natural forest is unique. It has its’
own combination of species and its own structure. It requires individual
and skilled management by foresters with a knowledge of the aufecology of
the main species and a knowledge of the synecology of the forest.

It is difficult to apply intensive methods of management on a large scale
and in the late 1940'3 it was decided to try the Tropical Shelterwood Sys-
tem .(TSS) of management in West Africa. The TSS had already been ﬁracticed
successfully for some time in Southeast Asia.

The aim of the TSS is to open the canopy and establish natural regeneration
of the desired species before exploitation. The objective is to let suffi-
cient light on to the forest floor to obtain regeneration, but not to en-
courage a dense growth of climbers and weeds. Climbers, particularly Acacia
pinnata and A, ataxacantha are light demanders and it has been noted that
they suickly colonise gaps and may form part of the natural succession back
to high forest (Jones 1950, 1956). A gradual canopy opening may favour tree
growth at the expense of the climbers.

A series of operations was laid down and amended in the light of experience
- (Lancaster 1961), Treatment started with a climber cutting six’yearS»before
exploitation, this was followed by a gradual removal of understorey trees
by poisoning and a second climber cutting. Weeding or freeing any natural .

regeneration followed. After exploitation there was a series of cleaning or

weeding operations. Details are given in the review of tbe TSS by Baur
(1964). In some forests the TSS was successful, Gutzwillen (1956) reported
satisfactory regeneration of Munsdnia and Entandrophragma after seven years
of TSS treatment in the Bobiri Forest Reserve, Ghana. Regeneration of
Terminalia and Triplochiton was often successful, but there were many fail-
ures. Competition from climbers and fast growing weeds suppressed regenera-
tion. It is unsatisfactory to apply a routine system of management to a
forest that requires individualland intensive management. The TSS has now
been abandoned in most countries.

"A modified selection system has beén practiced for some years in the forests

of Ghana (Baidoe 1970, 1972). The object is to increase the survival rate and
36




the development of immature valuable fimber trees. Only forests with a
stocking of approximately 22 immature (2 m girth) merchantable trees per
hectare are treated. The initial operation is a stock survey to determine
whether the forest is suitable for treatment. If the stocking is satisfac-
tory, climber and unwanted tree species are cut to free the valuable spe-
cies from competition. The forest is exploited on a 15 year felling cycle,
but there is no provision for establishing natural regeneration under this
system. It has been suggested that 'permanent' sample plots should be es-
tablished to measure yields, natural regeneration and the effects of silvi-
cultural treatments (Baidoe 1972, Palmer 1975), these plots already exist
on some of the old research stations. -

Sometimes the forest is resilient and regenerates following exploitation
without any treatment. The Benin forests in Nigeria were expnloited in the
mid 1920's and Onyeagocha (1962) reported a high stocking of valuable tim~
ber trees forty years later, although there were also climber tangles. The
Lovoa swynnertonii forests of Kenya (Plate I) have been exploited and the
gaps have been colonised by Maesopstis eminii (Plate 2). Under the light
shade of the Maeéopsis'canopy there are seedlings and saplings of Lovoa and
the other forest dominant Newtonia buchanani. This forest is capable of re-

generating without any form of cultural treatment or management.

Artificial regeneration of the tropical high forest

1.  Enrichment planting

v

Various methods have been used to enrich poorly stocked, or heavily
exploiteé natural forest. Line planting has been tried, but the voung trees
are frequently destroyed by browsing, or suppressed by weeds. Rarely has the
method succeeded.
The Anderson group method (placeaux Anderson) was tried at Yangambi in Zaire
(Dawkins 1955). A small plot 4 m X 4 m was cleared completely and planted or
sown at a spacing of 1 m X 1 m. The central nine plant§ in the group of 25
grow straight and are kept free from weeds and climbers. The group will need
weeding around the edge for the first few years. Eventually oné of the cen-
tral trees will become dominant. The method has succeeded; the groups were

visited in 1975 and well grown trees were found in many of them (Pierlot
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pers. comm.). The system simulates the small natural gaps that occur when
an over mature tree dies. A large number of groups could be established to

enrich the forest and provide a sustained yield of valuable timber.

2. Agri-silviculture or taungya method

The taungya system has been practiced in West Africa for many years. A
farmer, a group of farmers, or a village is allocated a block of forest to
clear and cultivate. At the same time the Forestry Department plant out sap-
lings of valuable trees at a spacing of 20 m X 20 m. The cultivators tend
and weed the trees during the period of cultivation which may cover two,
three or more years. Once the trees are established and their crowns begin
to form a light canopy, cultivation will cease, and the cultivators will be
allocated another block. The system has been practi;ed successfully in Ghana
with Terminalia spp. Triplochiton, (Plate 3) and the Meliaceae, although a
‘shoot ‘borer may deform some of the stems of the Meliaceae. In Zaire Termina-
lia superba has been successfully raised in banana taungya (Dawkins 1955).
Bananas are a good nurse crop for trees. Root crops like cassava and yams
are unsuitable because harvésting may damaée the tree roots.

The taungya system works well where there is a shortage of land for the
cultivation of food crops. The situation in Nigeria has been reviewed by
Olawoye (1975), and Kio (1972) has suggested that plénted tree crops, like
the fast growing Gmelina arborea should be grown as a fallow crop between

periods of cultivation.

3. Plantations

il
Where the natural forest contains no valuable timber trees it may be

- necessary to establish plantations. In fact over the past ten to fifteen
years many countries have abandoned any attempt to manage their natural
forests and have concentrated their resources on creating plantations.
Where there is a demand for fuel and charcoal there may be a case for
Eucalyptus spp. and Gmelina plantations, but the pioneer and secondary
species in the natural forest could also be exploitea for"thié purpose
(Earl 1975)..Triplochiton scleroxylon and Terminalia Tvorensis are two
indigenous species that have beén used in plantations. It has been found

that Triplochiton can be propagated from young healthy leafy stem cuttings,
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so the most favourable provenances can be selected (Jones 1969, Jones 'and
Howland 1974). Monoculture plantations can lead to problems; in Ghana, plan-
tations of Terminalia ivorensis begin to die before they reach the age of 30
(Ofosu-Asiedu and Cannon 1976). The leaves become chlorotic and small and
the crowns die-back. Research by CTFT and -ORSTOM have shown that plantations
of this species die at between 12-20 years; nitrogen mineralisation in the
litter is completely inhibited. A leaf extract from 7. Zvorensis was found
to inhibit nitrogen mineralisation in the soil (UNESCO 1978). Although 7.
Zvorensis will grow in a species-rich natural forest it will not grow as a,

monoculture even in its own environment.

Forest management in terms of land evaluation

There are signs that there is a desire to attempt to manage the natural
forest (Kio 1976, Palmer 1975). Where the natural forest has a stocking of
at least ten valuable timber trees per hectare, below the exploitable girth
limit, but with some of them mature enough :to produce viable seed, it may

be possible to establish regeneration under the Kennedy system, possibly
with modifications to include a 15 year felling cycle and the production of
charcoal from the understorey trees. Provided of course that there are for-
esters who will be able to carry out the intensive supervisioh that this
method requires. This may be the most favourable LUT for such natural forest
ecosystems,

Where the forests are poor in economic species, whether through failure to
establish natural regeneration, or dué to heavy and destructive exploitation,
it is suggested that the Anderson group method should be applied. This method
simulates the dynamic ecology of the natural forest ecosystems and was suc-
cessful in the only area where it was known to have been tried. Although the
method will be new to many foresters, it is fairly simple and should not be
difficult to introduce. It is recommended that this would be a suitable LUT
provided the foresters and rangers are able to give it the intemsive super-
vision and management it requires.

If there is a shortage of land for the cultivation of food crops outside the
forest area or forest estate, the taungya system is likely to succeed. Under
these circumstances it is recommended that this system would be the appro-

priate LUT for the establishment of a forest crop.
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In the vicinity of large towns and cities there is a demand for fuel in the
form of firewood and charcoal and plantgtions of fast growing trees like
Eucalyptus spp., Cassia stamea and Gmelina arborea are required to meet this
demand. These plantations are derived of man-made forest ecosystems, that
require intensive management and under the circumstances are the most suita-
ble LUT.

The protective role of natural forest cover in catchment areas and areas of
steep topography, like escarpments, must be Qaintained and take priority
over other forms of utilisation. The main objective is environmental protec-
tion in this LUT, but the forest will be a source of plant genetic material
and wild fruits and all the other produce that can be collected from the
natural forest. With skilled management.it may be possible to extract a lim-
ited amount of timber from some catchment areas, provided the protective

role has priority.

The dynamics of open forest or woodland ecosystems

In the seasonally dry tropics there are deciduous woodland communities or
ecosystems. In Africa, miombo or Brachystegia—Julbernardia woodland forms a
light closed canopy at a height of about 12-15 m. The equivalent in Asia is
probably the Sal or Shorea robusta forests and the teak (Tectona grandis)
woodlands, and in the cerrado of South America there are woodland communi-
ties that resemble those of Central Africa. In Central America the open pine
savannas occur in the seasonally dry tropics.

Fire is an important factor in the ecology of these ecosystems and in Africa
the presence of the tsetse fly has had an influence on their utilisation.
Man has been associated with miombo for a very long time, particularly as a
hunter-gatherer and as a cultivator. In fact it is difficult to discuss the
dynamic ecology of miombo without including the effects of human activity,
but there are areas where the concentration of the tsetse fly make it un-
suitable for human occupation and these areas usually support wildlife popu-
lations, in'particulér, elephant. Elephant browse the miombo trees and open
up the canopy by ﬁushing down groups of trees. If the dry grass is burnt dur-
ing the early part of the dry season, when the trees are dormant, the trees
will not be destroyed and will regenerate through coppice regrowth. But if

the grass is burnt during the latter half of the dry season, after the trees
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have come into new leaf, then they will be burnt back and if late fires are
repeated for a few years, the miombo species will be destroyed. A fire-hardy
type of open woodland known as chipya will replace the miombo woodland. Most
fires are caused by man, particularly hunters, therefore man has had an in-
fluence on the regeneration of the natural miombo woodland ecosystem.

There is a natural succession from fire-hardy chipya vegetation back to the
miombo woodland. Sqme of the species form colonies of coppice regrowth that
provide ground cover and shade out the grass. Seedlings of Brachystegia spp.
and Julbernardia spp. become established in this coppice cover and under its
protection from fire they grow up through the sapling stage to form a wood-
land canopy. Once the saplings of the canopy species reach a height of about

4 m they can survive grass fires (Lawton 1978).

The management of woodland ecosystems

A specialised form of agriculture has evolved in miombo woodland and much of
the woodland is part of the agricultural system. The crowns of trees over an
area of about 2-4 ha are lopped (Plates 4-6) and the branches stacked into
circular patches which are burnt just before the beginning of the rains
(Plate 7). The small patch is cultivated for 3-6 years. The system is known
as 'chitimene'. Ideally the woodland should be allowed to regenerate for a
period of 20-30 years before it is lopped again, but due to human population
pressure the fallow period has been reduced to a few years. Eventually the
"chitimene' system will give way to some other form of agriculture.

Mature stands of miombo are a commercial source of beeswax and honey. They
yield wild fruits, caterpillars, fungi and wildlife, all of which are of
economic and cultural value to the local rural population.

There is one valuable timber tree, Pterocarpus angolensis, scattered through-
out the miombo. It is not lopped or cut when the woodland is being cultivat-
ed, but is slow growing and therefore unsuitable as a plantation tree. The
tree is exploited mainly for the local market, and natural regeneration of
P. angolenstis should be freed from competition in the miombo forest estate.
Where there are large human populations, like the copperbelt of Zambia and
the Shaba Province of Zaire, miombo supplies charcoal and generél purpose
timbers for domestic use. It also supplies the copper mines with charcoal

and smelter poles.
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EBucalyptus spp. plantations have been grown to provide tobacco farmers with
poles for their barns and fuel for curing. _

Industrial pine plantations have been established on the copperbelt of
Zambia. It has been observed that pine litter accumulates on the soil sur-
face and is slow to decompose. The soil nutrients may be immobilised in the
litter and this could lead to site degradation and a decline in productivity.
Most of the plantations are still in the first rotation and so far there is
no sign of a decline in productivity.

In Swaziland, which is south of the miombo zone, industrial pine plantations
are being grown for pulp. These plantations are now in their second rotation
and Evens (1980) who has monitored the growth rates in both rotations has
found no decline in productivity.

Soil and site changes under conifer plantations in East Africa have been’
investigated by Lundgren (1978). It was found that the nutrient content un-
der pine and cypress plantations was generally lower than under the natural
forest. The soil structure deteriorates, although it may improve as the

plantation grows older and a ground flora enters.

‘. Management of miombo ecosystems in terms of land evaluation

Where there are large centres of population the miombo should be exploited
for charcoal on a sustained yield basis. Coupes of woodland will be clear-
felled at ground level, and early burnt each year to ensure natural regen-
eration through coppice regrowth. The rotation should be between 40 and 60
years. It may be possible to allow selected stems, including any Pterocarpus
angolensis, toAgrow on for two rotations to reach timber size. This will be
the most suitable LUT for the copperbelt of Zambia and other centres of
population.

In addition the copper mines will require smelter poles which have to be
fresh when they are utilised. The poles are fed into the smelter to oxidise
the waste material in the molten copper. So the LUT for the mines will in-
clude the selection of fairly straight large poles for the smelters, and
then the coupe will be utilised for charcoal.

In remote areas where the rural population is sparse, P. angolensis timber
may be exploited and the woodland may be managed for beeswax and honey and

perhaps for wildlife. Early burning will be required in this LUT.
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The industrial pine plantations must be located near centres of population
like the copperbélt and the line-of-rail. The plantations will need to be
protected from fire. They wili require the use of fertilizers and mechanised
weeding; and wi}l need intensive management. It is suggested that 'permanent'’
sample plots should be established in these man-made forest ecosystems to
monitor growth rates in the first and subsequent rotations, and so determine
whether there is any decline in productivity in this LUT.

The short rotation (4-6 year) Eucalyptus spp. plantations will form another
LUT. Their aim is to provide poles and fuel for the tobacco farmers. The
plantations will require fertilizers, particularly boron, mechanised forest-
ry and treatment plants for the poles. ]

Where the miombo covers river headwaters, catchment areas and watersheds,
the woodland cover should be maintained for environmen£a1 protection. This
LUT can still be used for the production of beeswax and honey and other mi-

nor forest produce.

The ecology and management of woodland ecosystems

in semi-arid and arid tropical regions

In the semi-arid and arid regions of Africa woodland ecosystems consist of
open stands of trees in graéing land. In many regions it is stretching the
cohéept to its limit to consider them as woodland ecosystems, they are graz-
ing lands with a scatter of trees. But the trees are an essential ﬁart of
the ecosystem and their removal has led to increased aridity. Trees provide
shade, fodder, fuel, timbef and some of the Acacia spp. in particular are a
source of gum and honey.

On alluvial soils in the Sudan an agricultural system is dependent upon
Acacia albida, which is leafless during the rains and comes into leaf at the
beginning of the dry season (Robertson 1964, Radwanski and Wickens 1967).
Bulrush millet is grown under the leafless crowns of the tree during the
rains. It ripens as the tree comes into leaf at the beginning of the dry
seasbn._Af;er the harvest, cattle eat the crop residues and feed off the
Acacia pods which are rich in protein. The cattle remain under the shade of
the tree and add organic matter to the soil.

A. senegal is a promising potential plantation tree. It can be grown on a 15

year rotation and will yield fodder, gum arabic and fuel (FAO-SIDA mission
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1974). For the first five years-the plantation should be protected from
grazing and browsing. It can then be grazed and lopped for fodder, under
control, and it will yield gum arabic. At the end of the rotation the trees
can be felled for fuel and small timber. The land can then be cultivated for
millet for a few years, before it is replanted with A. senegal.

There are sociological problems; it will be necessary to ensure that the
nomadic pastoralis£s do not allow their stock to browse the young trees be-
fore they are well established, i.e. after five years of age. If plantations
are to be successfully established in arid regions the cooperation of the
local people is essential, A

Trees play an important role in the stabilisation of sand dunes (Kaul 1970;
Goor & Barney 1976). Natural stands of Tamarix spp. occur on the coastal
dunes of Oman (Plate 8). Open stands of Prosopis cineraria in Oman stabilise
the sand and are a source of fodder and timber (Plate 9).

Natural woodland ecosystems of Anogetissus dhofarica and Commiphora spp. on
the south-facing escarpments in Dhofar, southern Oman, coﬁdense the mist
that blows from the Arabian Sea during the monsoon (Plate 10). This is the
main source of precipitation which may be as much as 500 mm per annum. The
moisture feeds the springs (Plate 11) that supply water for the irrigation
of agricultural crops on the coastal plain. .

Even in the central desert of Oman, which is the southern limit of the

Rub al Khali, Tamarix sp. condense the dew that félls during the night
(Plate 12 & 13). This moisture feeds the tree and probably supports the
desert fauna also. From these few examples it is clear that trees are es-

sential for the maintenance of the enviromment in arid tropical regions.

Land evaluation for forestry in semi-arid and arid regions

Where soil conditions are favourable it is suggested that Acacia aZbida
should be grown at a wide spacing, perhaps 20 m X 20 m. The land should then
be cultivated and grazed as described in the previous section. The agricul-
tural system is dependent upon the tree crop in this LUT.

Plantations of A. senegal and other Acacia spp. would be the most suitable
LUT for many semi-arid and arid tropical regions. A. senegal on a 15 year
rotation will yield timber and fuel as well as éum arabic, fodder for live-

stock and forage for honey bees. Sociological constraints must be overcome.
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Where the watertable is within reach of tree roots, and this may be at a
depth of 10 m in the case of Prosopis cineraria it is recommended that tree
plantations should be established. It may be necessary to start the trees
under irrigation, until their root systems have reached the watertable. This

would be expensive and can only be considered in countries where funds are

available.

Natural and man-made tree crops that are used to stabilise sand dunes, or
condense mists, have an important effect on the enviromment and on other

ecosystems, The primary role in this LUT is environmental protection, al-
though controlled exploitation of the fodder and timber resource is possi-

ble. The large Tamarix aphylla grows to timber size on the dunes and could
be exploited. The branches of Anogeissus dhofarica are used in house build-

ing, but only a small amount is cut, partly because the population is low.
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DYNAMICS OF FOREST ECOSYSTEMS IN RELATION
TO THEIR UTILIZATION; NORTH TEMPERATE ZONE

D.C.Malcolm
Department of Forestry and Natural Resources,

University of Edinburgh, United Kingdom.

Summary

The distribution, development and composition of forest eCosystemé are a
response to long term environmental fluctuation or random dramatic events.
These spatial and directional responses are predictable only as
probabilities and the systems are inherently unstable. Utilization-through

management must take the potential for change into account.

Introduction

The concept of.the ecosystem génerally accepted is that of a .system of
living organisms.interacting with their non-living environment. Ecosystems
are not closed but are dynamic in both space and time and are subject to
imports and exports of energy and materials from and to neighbouring systems:
It is difficult therefore, in theory, to delineate an individual system
either physically or in a classification. In practice it is usually
possible to demarcate ecological units which are sufficiently discrete for
separate description and mapping for management purposes. The value of the
ecosystem concept is that it directs attentioﬁ to the interaction of the
processes that link the components of the systém and encourages consider-
ation of the likely consequences of intervention. The utilization of the
system may then be arranged so thét its capacity to continue to supply
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benefité is not impaired.

Forest ecosystems may be divided into the forest trees, the associated
plants and animals (the biome) and their habitat, which is both a geog-
raphic location and its associated physical environment. Although no two
ecosystems can be identical it is possible to find communities whiéh are
similar enough in specific composition and recur in similar environments
with sufficient frequency to distinguish them as forest types. The
environments in which particular forest types occur may be described and
classified as site types.

The complexity of the interaction between the forest type and the site
often leads to their being jointly evaluated for utilization but it is
ihportant to remember that the occurrence of a particular forest type does
not depend solely on the present characteristics of the site but also on
the assemblage of plants that have been available to occupy it. The
evaluation should therefore take into account the history of both the
vegetation and the habitat.

The dynamics of forest ecosystems, that is the changes that take place
between and within forest commﬁnities, occur on different scales. The
"development of the forest type can be related to major climatic change fol-
lowing glaciation over thousands of years, the succession of species follow-
ing forest destruction over several hundred years or the progression over
decades of component species from seedling to maturity. In addition to
these phasic changes, which are paralleled by the scale of the areas in-
volved, there are a series of more or less closed cyclic processes within
individual forest stands. Although it is convenient fo separate the
dynamics of ecosystems on the basis of time scale, they result from similar
causes and are integral parts of a single process.

The purpose of this paper is firstly to briefly examine some aspects of the
dynamics and 'stability’' of forest ecosystems drawing examples from some of
the major forest types in the North Temperéte Zone. Secondly some of the
responses of these systems to intervention by man are considered and paral-

lels drawn with the development of man-made forests.

The evolution of forest types

The forést typeé recognised today are of relatively recent origin having
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developed since the last major glaciation. The Wlrm and Wisconsin ice
sheets began to recede only about 12000 - 14000 BP and finally melted from
northern latitudes about 8000 BP. The glaciation areas were reinvaded by
the species that had retreated southwards or which had found non-glaciated
refugia. It was thought until recently that assemblgges of species found
today would have migrated as communities, returning to similar sites aftexr
glaciation in a series of 'waves' as climates ameliorated, so that pioneer
species adépted to cooler conditions would be followed in succession by
more thermophilic species. These would be more effective competitors and
become dominant over considerable areas with the pioneers confined to sites
edaphically or otherwise limiting to the major species. The concept of
climatically adapted communities of tree species migrating. in response to
changes in climate has now been shown to be wrong. For example by inter-
pretation of pollen analysis in the eastern United States, Davis (1976) has
been able to trace the post glacial migrations of the components of the
chestnut-oak-hickory forests, demonstrating that hickory arrived from the
south west reaching its present northern limit about 4000 BP, while chest-
nut came from the east reaching approximately the same limiﬁ at only 1000
BP.

Further evidence for postglacial migration patterns can be adduced from a
study of the distribution of ecotypes or genetic populations within the
overall range of the species.

Scots 'pine in ‘Scotland has recently been shown (Forrest, 1980), by monoter-
pene analysis of the‘few residual stands, to have several genetic popula-
tions which appear to be related to widely separated provenances in North
Europe and those of South France and Spain. This suggests the possible
migration of the_species by different routes to the same general area.
While for survival a species or a forest type clearly must be adapted to -
the climates.prevailing throughout its range, it does not follow that other
ecotypes or species may not be equally well or better adapted than those
that currently occupy the area. The classic example is the migration of
Norway spruce around the Gulf of Bothnia and southwards through Norway where
the indigenous ecotypes are productively inferior to those introduced from
the Harz mountains in Germany. ' A

If the time since glaciation is thought of in terms of the potential long-
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evity of many of the major temperate forest species, say 300 - 500 years on
suitable sites, it is apparent that many forest types now recognised have
had a rather short period to reach .an equilibrium with their climatic or

edaphic environment. If continuing climatic change and disturbance by man

. (beginning about 3000 - 4000 BP) or natural catastrophe are taken into

account the presently recognised forest types are evidently still evolving.
That most north temperate forest species show marked ecotypic differentia-
tion is an illustration of the force and speed with which natural selection

operates on the inherent variability of populations.

Structure and development of forest ecosystems

The development of a complex vegetation type has often been described as a
process of succession from baré land through simpler forest structures to
multilayered communities, in which the dominant species of the overstorey
are the most shade tolerant. These dominants are considered capable of
regeneréting in their own shade and surviving, until the death of some of
the overstorey allows them to develop to maturify. The end of this process
is the‘development of an all-~aged stand which is considered to be in
'equilibrium' with the environment, although the 'equilibrium' stage is
still characterised by a sﬁeady and guite rapid turnover in individual
trees and sometimes species. (McMahon 1980)

The trends implicit in such & model undoubtedly do occur and it provides a
useful working hypothesis for their interpretation but examples of the
final climactic stages are rare. The requirements for the full progression
are the occurrence of suitable species in an environment with an equable
climate and at least mesotrophic soils. Such combinations in the Northern
Hemisphere only appear to occur in oceanic climates (e.g.N.W.America) and
on base-rich lithologies of certain mountain chains (e.g.European Alps).
Elsewhere, as in most of the Boreal forests, the later seral species are
absent, the climate too severe to support them or even allow frequent seed
production or the soils limiting in either water or nutrient supply. Where
these conditions apply the forest retains a simple structure of a single
canopy and sometimes a single species, becoming less dense and finally pas-
sing into scrub vegetation as site limitations become more restrictive.

Ponderosa pine, east of the Cascade Mountains in America, provides an
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example of this where it gives way in increasiggly dry conditions to juni-
per. In the opposite direction, that is progressing towards more mesophy-
tic conditions, the later seral species occur first as an understorey and
become progressively more able to enter the dominant canopy. In the
ponderosa pine example Abies species take this role as they also do in {
Scots pine forests in N.W.Turkey.

In the undisturbed condition the distribution and structure of forest types
appears to be conditioned by the prevailing climate with increasing compl-
exity of specific composition and structure as limitations are reduced.

The chief limitation is frequently available moisture, that is the .annual
precipitation and most importantly, its predictability. (McMahon 1980).
Available moisture interacts with other sitg variables such as soil texture,
soil depth, slope and aspect to extend or limit the areas of particular
forest types. The effect of these site variations are generally clearest

in areas of marked relief and are less obvious in regions of uniform topo-
graphy.

The acceptance of the concept of a primary or secondary succession to a
climactic forest has been implied in many of the classifications of forest
typesAfor botanical or managément purposes from Cajander (1926) onwards.

The classification usually identifies the hypothetical final state of the
forest and requires some subjective allocation of seral stages, or subsets
of variants, to the main type, In the conditions found in northern lati-
tudes such a system is relatively simple to apply but becomes more diffi-
cult in complex topography and less limiting climates. For example the
current method in British Columbia (Klinka 1979), which adopts a phytosoc-
iological approach, requires the identification of climactic 'zonal' types
in mesotrophic sites and constructs a hierarchy of variants, subzonal and
zonal classes to cope with the complexity. Similar forest types are more
simply classified in Oregon and Washington by Franklin and Dyrness (1973)
but hgre too difficulties may arise because the seral species have greater
longevity and stature than the supposed climax.

While these approaches provide a conceptual framework for classifying for-
est ecosystems énd allow interpretation of the changes taking place in them,
the reality is that the succession is curtailed by disturbance. Disturbance

through catastrophic fire, windblow or pestilence is the main factor that
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renews forest in the north temperate zone. Fires, whether natural or man-
set, have played a major part in the distribution of forest types, their
structure and specific composition. Some forest types are perpetuated by
and adapted to frequent fire occurrence as in many pine ecosyétems (jack
pine, lodgepole pine). On mesotrophic sites where fire is less frequent,
and thereby normally more devastating, it can ensure persistence of long-
lived species at the expense of less resistant late-seral species as in the
case of Douglas fir in the hemlock zone of coastal N.W.America. Most for-
ests can burn but the periodicity and severity of fires is an expression of
short term climatic variation, accumulation of fﬁel and the flammability of
the species concerned.

Forest destruction by hurricane-force windé is most prevalent in oceanic
climates where devastating fire tends to be less common. Windthrow of in-
dividuals or small groups of trees is of course a prime cause of the re-
moval of decadent trees in mature forest but the destruction of whole

© stands leads to the setting back of the succession to an eariier phase.
Both fire and wind have considerable effects on the soil. Fire may destroy
accumulated organic matter in the humus horizons of the soil, in which a
high proportion of the site nitrogen is bound in unavailable forms and,
although this may largely be lost, the bases and phosphorus liberated in
the ash allow increased microbal activity stimulating the accretion of
mineral nitrogen. Without this effect forest regeneration in the Boreal
zone stagnates (Siren, 1955).

In W.N.America fire also stimulates the germination of Ceanothus which
fixes appreciable quantities of nitrogen after immediately colonising the
site. On mesotrophic sites red alder rapidly invades and can build size-
able nitrogen’reserves before conifers again take over the canopy. Simil-
arly the uprooting of trees by wind in moister conditions improves aeration
and subseqﬁent mineralisation of organic matter, mixes soil horizons and on
shallow rooting soils creates pockets of deeper rootable material as des-
cribed for mixed leaf-tree forests in the N.E.United States (Lyford and
Maclean 1966) and in hemlock-spruce in the Queen Charlotte Islands (Day
1957). '

The influence of these major disturbances on the long-term structure of

the forest is profound. The effects are random, depending on the chance
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combinaﬁion of climate, site type and interval since the last disturbance.
The result is a mosaic of age classes on a site related scale. The infl-
uence on species distribution also depends on the scale and intensity of
the disturbance. If the disturbance is not complete there may be 'resid-
ual' seed bearing trees which have an advantage in regeneration; if the
disturbance coincides with a heavy seed year of a neighbouring épecies

this will also confer an advantage on it and, in addition, some species

may be able to stdre propagules on the tree (serotinous cones) or in the
soil. It follows therefore that a 'succession' can restart after distur-
bance in any number of ways and with any combination of seral species. In
severe disturbances only a few individuals may regenerate immediately and
full stocking of the site may take some time. Some recently described old-
growth Douglas fir stands in Oregon, which have uniform canopies and were
thought to have regenerated as even-aged stands following fire, have been
shown to be of this kind, with age spans of up to 250 years in the dominant
canopy (Franklih and Waring, 1980). ]

The third kind of disturbance is that of mortality due to insect or fungal
attack. The forest ecosystem supports a wide range of organisms that are
dependent on the tree cover without generally impairing its growth, until
it is stressed in some way. If large numbers of trees are stressed condi-
tions arise where insect populations can be decisive in destroying, or
enabling fire to destroy, whole stands as occurs in overmature balsm fir in
E.N.America. Bark beetle attacks on individual lodgepole pine in central
Oregon are concentrated on trees whose efficiency has been reduced by
-nitrogen stress (Waring, l§79). In this case the death of a proportion of
the stand results in the relief of the stress.

Epidemic fungal attack is less frequent but when a mutant form occurs
(Dutch elm disease) or a new introduction made (pine blister rust, chestnut
blight), it can virtually eliminate a species from its range. ‘

The inference that can be drawn from the effectg of disturbance on forest
ecosystems is that, in many instances, it is necessary for their continued
existence and that it is not deterministic. Disturbance is thus a potent

force for maintaining diversity in the landscape.
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Development of forest stands:production and productivity

The progression of a forest stand from the séedling stage to maturity is
characterised. by competition between individual trees. Competition only
occurs once the resources of radiation, water or nutrients become inadequ-
ate to meet the collective demand of the population as a whole. Competi-
tion for scarce resourﬁes also occurs between different parts of the in-
dividual tree leading to changes in morphology and habit that have import-
ant consequences for its utilization. The intensity of competition wifhin

a stand is density dependent and leads to a hierarchical stratificatioh,
where some individuals display higher relative growth rates than others

and gradually dominate neighbouring trees. Despite a possible clumped.or
random distribution of individuals following regeneration the dominant

trees ultimately become regularly spaced. Before any resources become
limiting, the increase in the stand's leaf area is exponential but soon
becomes asymptotic as radiation available for photosynthesis is largely
absorbed. . .

The attainment by a stand of its maximum leaf area has important consequen-
ces. Firstly it implies that there is an upper limit to the productivity

of a stand, that is the rate at which it can accumulate biomass. The dif-
ferences in productivity between species and between sites can then be
interpreted in terms of the total leaf area that can be maintained.

Although the maximum leaf area is ultimately limited by radiation it is
mediated by the availability of water for transpiration and sometimes by
nutrients. The relation between stand leaf area and available soil water
has 'been shawn to be linear in the west-east transect across the forest
types of central Oregon (Grier and Running 1977). The coastal hemlock-
spruce forest reaches a total leaf area of 20 m2 m—2 with no water stress
while the inland juniper forest only attains about 4 m2 m—'2 with a consis-
tent water deficit. This productive relationship can also be expressedAin
terms of the 'actual' evaporation from a stand, a measure that can be esti-
mated from the soil water balance, and which integrates several climatic
variables important for growth. 'Actual' evaporation can be correlated
with the productivity of vegetation on a world scale (ﬁosenzweid 1968) while
it has been used recently to separate forest types in British Columbia

(Klinka 1979).
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The second implication of the attainment of a maximum leaf area in a stand
is that, if individual trees are to continue to.grow in size, there must be
a redistribution of leaf area. Thus some individuals are removed from the
population as mortality. This density-dependent mortality can be expressed
in terms of the maximum weight that the mean individual can attain for any
popuiation density (Drew and Flewelling 1977) and within species appears to
be independent of age, growth rate or site conditions. For most stands
there is therefore a steady reduction of stem numbers as the trees grow in
size and this process continues until the ovérall growth diminishes with
age.

As there is a direct correlation between the leaf area of the tree ana the
cross—-sectional areg of its conducting tissue (sapwood basal area) (Grier
and Waring, 1974) it is possible to see the connection between stand pro-
ductivity controlled by climate and the woodbincrement of the individual
trees. This last relationship can also be used to estimate the loss of
efficieﬁcy of the foliage either due to harsh environments or due to stress
within a stand (Waring et al, 1980).

As the undisturbed stand approaches maturity the respiratory demands of thé
accumulated biomass increase and this together with the incidence of
density-independent mortality {insects and fungi) results in a slowing .down
of net production until a balance is reached between gain in new growth and
loss to mortality. The total amount of accumulated biomass has reached its
maximum. This total production is not related in other than a general way
with productivity as some relatively slow growing stands can develop large
volumes if they remain undisturbed for long enough. The very large biomass
accumulated by old growth forests in coastal N.W.America is attributed by
Franklin and Waring (1979) to their 1ong.continued height growth, longevity
and their ability to continue photosynthesis throughout the greater part of
the year. The rate of production of these stands, however, can be quite
low compared, say, to that of pines in the Séuth of the U.S.A. The differ-
ence between prpduction and productivity may be important in economic app-
raisals with their emphasis on rate of return but in a world of limited
resources total proddction from ecosystems of low productivity can hardly J
be ignored.

Stands in the mature stage have reached a condition where their internal

56




cycling processes are at their most complex. In the Boreal forest such
stands are starved of available nitrogen, mest of that present being organ-
ically bound. In N.W.America additional nitrogen is fixed in foliose
lichens and in some of the slowly decomposing dead logs (Carroll, 1979).
The &zbundance of accumulated organic matter is a distinguishing feature of
undisturbed'stands at maturity providing direct or indirect energy sources
for many different organisms. The slow decomposition rate of this material
acts as a buffer against nutrient loss and in accord with the éeverity of
disturbance is more or less carried through to the next succession. It
also can influence the form of the succession by providing differential

seed bed conditions.

Stability of forest ecosystems and their utilization

A consideration of the ecological stability of productive ecosystems is
crucial to their management for goods and benefits. The description above
of some of the dynamic properties of forest ecosystems has somewhat unfeal—
istically excluded the interventions of man. Even primitive man intervenes
in the forest by setting fire, favouring herbivores and selective harvest-
ing. Modern man makes much greater demands in forest clearancg for agric-
ulture, explecitation of fuelwood, fipre and timber while at the same time
expecting the forest ecosystem to supply aesthetic and social benefits

such as conservation, water quality control and recreation. The land
planner and forest manager in trying to balance these multiple objectives
need an appreciation not only of the dynamic properties of the system but
of its sensitivity and response to intervention. Although considerable
advances have been made in understanding ecosystem processes there is still
difficulty, often semantic, in defining the state of an ecosystem which
will allow it to persist and yet absorb the effects of interventions.

The Clementian concept of directional succession inevitably leading to a
climax has largely been discarded on the ‘grounds that -it postulates deter-
minism in the ecosystem, although the validity of the successional process
is still accepted (McMahon, 1979). On the other hand, O'Neill and Reichle
(1980) in attempting to construct a basic theory of the ecosystem describe
it as a 'functional unity' and accord it strategies for its persistence

based on the components of producers (trees), heterotrophic rate regulators
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(animals) and a large storage component with a slow turnover time (organic
matter). They point out that the concept of 'stability' depends on the
reference 'state' defined. A 'state defined in terms of biomass, product-
ivity and nutrient cycles may be able to persist whereas one defined by
the species composition and their distribution cannot and is inevitably
'unstable'. O'Neill and Reichle (l980)kemphasise the importance of spatial
heterogeneity in patterns of species composition and genetic information if
systems, like forests, with large biomass accumulation are to display res-
istance and flexibility in persisting in an unpredictable environment.
While this may be acceptable in theory the manager of a forest ecosystem is
interested in maintaining a flow of products based on particular taxa and
cannot afford to ignore the species composition.v

Much of the discussion on ecological stability has made use of a physical
analogy in which a stable system is in an equilibrium 'state' which is un-
changing (i.e. the system is at rest). Some conservationists st&ll con-
sidef the equilibrium state to be 'natural' and any perturbation of it to
be 'bad'. Holling (1974) expanded the equilibrium copcept of stability by
introducing the ideas of 'resistance' to change and 'resilience', the
ability to absorb change and return to equilibrium.

Consideration of the development and dynamics of forest ecosystems does not
support the equilibrium concept of stability. Ecosystems appear to have
sevefa; possible equilibrium sﬁates and there is no clear deterministic
pattern of recovery from disturbance (Botkin 1980). Predictions in this
situation have to be based on probabilities. Botkin proposes that the

manager should allow the forest to vary within bounds (i.e. the total num-

ber of possible 'states' has to be limited) to ensure persistence. These
'sfates', defined in terms of age classes, successional stages and specific
composition would then recur within the ecosystem.

It is interesting that these ideas should develop in America where forest
management is relatively novel whereas some European forests have been man-
aged for the recurrence of defined 'states' for several centuries with the
aim of a sustained output of products, normally timber. Here the response
to 'environmental perturbation' has been to evolve, on an empirical basis,
more sophisticated silvicultural and management methods depending on the

species and site combinations.
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The problems of integrating the increasingly complex demands being made on

forest utilization are now being approached through simulation of different
management strategies by computer modelling. Manipulation of the forest
ecosystem has to take into account the effects on adjacent systems, a prin-
ciple now embodied in forest law in some countries.

Within the forest the tendency to intensify harvesting of wood products has
led to considerable effort to predict and quantify the potential effects on
the ecosystem resulting from practices such as whole-tree harvesting,
drainage, fertilisation and so on (Leaf 1979). Most of these simulations
are not as yet very comprehensive for lack of sufficient good data and tend
to be budgetary and not process oriented. There is no doubt they will rap-

idly become more refined and reliable.

Managed forest ecosystems

Natural forest ecosystems may be brought under management either by intro-
ducing controlled regeneration though partial harvesting techniques or by
total clearance and replacement with plantations of desired species. The
latter are akin to afforestation of bare land but differ in retaining most
of the features of a forest soil whereas afforestation has frequently to
deal with degraded or eroded soil types.

Comparison between unmanaged and managed ecosystems can be made in terms of
their basic properties. The large biomass accumulation of the unmanaged
stand is normally curtailed under management where the emphasis is on prod-
uctivity and the replacement of stands as soon as their incremental rate
(mean annual increment) starts to fall. Structurally, forests primarily
managed for timber production tend to be simpler, with fewer canopy layers
in which 6nly one or two species may be represented. With the reduced vert-
ical distribution of leaf area there is usually an attempt to maintain high-
er stand densities to maximise absorption of radiation and hence total prod-
uctignﬁ The greater density is manipulated to encourage the changes in
stem form and branching habit that influence wood quality and hence econ-
omic return.

In managed forests the need to attain uniformity of industrial products,
maximise productivity and reduce wastage leads to concentration on early or

mid-seral species so that successional stages are rarely permitted. Skill~
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ful silvicultufal treatments (e.g.shelterwood) are applied to ensure regen-
eration of the desired species or where the environment makes this too dif-
ficult planting is resorted to. The random start and slow development of
succession in many natural stands can rarely be tolerated in intensively
managed forests.

The most obvious intervention in'managed forest ecosystems is the periodic
removal of biomass in harvesting. Two basic properties of the ecosystem
are affected. Firstly, the reserve of organic matter in the s&stem is
greatly reduced; the lack of dead logs and increased mineralisation of soil
organic matter reduces the turn-over time of nutrient elements and releases
'pulses’ of nutrients to downstream systems at more regular intervals and
Sometimes greater frequency than from unmanaged forests. The seriousness
of these enhanced losses depends on the balance between' them and atmosph-
eric or soil weathering input. If these gains are inadequate to balance
lthe losses by leaching and timber harvesting the ménager has to resort to
fertilisation to maintain production and on initially poor or degraded
sites economic production may sometimes only be obtained by this means.
Secondly the habitat of a range of organisms adapted to old growth forest
‘is removed legdiné to their local extinction while simultaneously increased
potential for those organisms that thrive in young growth forest is provid-
ed. The overall effects of this remain unclear.

The analogies between the periodic and catastrophic renewal of natural
forest and silvicultural treatments commonly applied by management (e.g.
clearfelling, cultivation) are of limited value {(Malcolm 1979) because of
the different selection pressures and the time scales involved. In managed
or extensively managed forest, species are selected for survival in compet-
itive conditions whereas, with.increasing pressure on land resources, int-
ensive management systems select for productivity and remove as many site
limitations as is economically possible. The appropriate analogies are
agronomic. -
Conclusions

The essential features of any classification or evaluation of forest ecosy-
stems has to be based on the two main environmental gradients of the root-
able volume of soil together with its nutritional status and the climate,

\
‘
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best expressed in terms of the site heat and water balances. As the envir-
onment so described is not static but is continually changing the assoc-
iated assemblage of organisms is subject to dynamic change in both space
and time. Study of tﬁe environmental relations of individual organisms
allows the prediction of their behaviour in response to change and the
probability of survival in different circumstances. The combined response
of individuals of the community level, however, is dependent on numerous
chance occurrences such as the presence or absence of propagules or the
frequency and severity of.environmental perturbation. The changes in the
ecosystem that ensue are therefore predictable only as probabilities.
According to Boyce (1978) the organisation of the natural community is an
expression of the mortality of individual organisms which thereby alters
the state of the system. 1In his view energy and nutrient flows are ultim-
ately unidirectional and only slowed by cycling within parts of the system
for a time. Thus the changes taking place in the system are irreversible
and he concludes that 'a natural; unmanaged forest is an aimless system.'

If the conclusion that forest ecosystems are inherently unstable is correct,

.forest management must accept change as one of its constraints. The poten-—

tial for change is not only in the elements of the forest ecosystem but in
the demands made for its utilization. .While it is now possible to simulate
a hypothetical organisation of the forest, that provides for a suitable
balance of different benefits as presently perceived, it must be able to

accommodate future change in the ecosystem and in its utilisation.
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Natural Eucalypt forest in Southern Australia.
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INVENTORY TECHNIQUES AND CLASSIFICATION OF FOREST RESOURCES

Stephan-Andel
Nethérlands State Forest Service (formerly FAO Field Forester)
Summary

. }
An overview is given of major steps involved in the inventory of

forest resources at various survey scales.

The importance of appropriate classifications of vegetation, land
use and terrain/soil types is discussed, emphasizing the role of

remote sensing techniques.

‘'The recent introduction of more integrated ground survey proce-

dures is highlighted with examples of inventory work in tropical
forest areas. Integrated field sampling may combine aspects of vege-
tation (species, stocking, qualities),-accessibility (terrain, drain-
'age and infrastructure) and soil (depth, organic matfer and stoni-

nes§).
It is very important to produce maps with adequately detailed legends.

The presentation of inventory results for subsequent use, is parti-

. it
‘cularly important regarding specific locations on maps.

The urgent need for frequent monitoring of the resources given the
rapid changes that are occurring in areas, quantities and qualities,

is shown to lead to continuous invéntory techniques, computer-based
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da#a banking.and periodic area, growth and yield assessments, both
for more natural and plantation forests. It is concluded that for
land evaluation purposes, considerable inventory fesearch and de-
velopment work is required in the fields of comprehensive resources
classification, monitoring with remote sen§ors'andlcontinuous, com-

puter-based data banking and analysis.

Introductionl

Inventory data on forest resources, in categories of vegetation
types, terrain types and soil types, as well as in terms of infra-
structure (use, ownership and access to location), will form a most

important information base for land evaluation for forestry.

Until recently, forest inventory has mainly concentrated on enu-

merating the tree stocking ("counting the trees'). Techniques de-

veloped for this purpose, e.g. the specialized skills of forest men-

suration, sampling-and data processihg, use of remote sensors for
mapping, are well documented in a number of handbooks (some of those
written in English are given in the References below: Husch et al
1972,.Spurr 1952, Loetsch et al 1964 and 1973, Howard 1970, Kuchler
1967, Dickinson 1969, Lawrence 1971).

More recently, techniques have been developing towards combining
stock enumeration with land use assessment, terrain classification

and soil fertility rating. This has been done .because of the urgent

need to plan for maximum sustainable production from the resource

base, which is being seriously depleted in places even as total.

world consumption of forest products continues to rise significantly.

Inventory data will be used to answer vital and politically oriented
questions such as: which forest resource base is the most permanent
in the longer-term view? which forest areas need to be set aside’
without commercial exploitation for purposes of nature conservation
and protection of the environment? which low-pfoductive or unstocked
degraded lands can be developed to fully productive forest stockingé

and last but not least, which forest areas must be made available
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primarily for the production of food.

Examples of the more recent, integrated survey approaches to tropi-
cal forest development areas are being discussed to some extent

(FAO 1972 and 1978, Lundgren 1980).

Scales of survey

Four levels of intensity are usually distinguished in forest inven-

tory:
a. exploratory - map presentation at a scale of 1:500 000 and
smaller .

b. reconnaissance - map presentation at a scale of 1:100 000 -

1:500 000

c. semi-detailed - map presentation at a scale of 1: 25 000 -
1:100 000

d. detailed - map presentation at a scale of 1l: 25 000 and
larger.

The specific objectives of an iﬂvestigation determine the level of
intensity: a. for a broad, qualitative evaluation at regional or
nationai level, b. for a still largely qualitative analysis of
amounts of resources at national level for longer-term planning,
c. for a mainly quantitative evaluation of the feasibility of more
defined development projects for medium-term planning and d. for
quantitative ana1y51s of resources for proJect 1mp1ementat10n (De

Vos 1979).

Regardless of the scale of survey, the inventory will always be con-
cerned with four major areas of investigation:

(i) the classification of resources

(ii) the gfound sampling or field checking

(iii) the mapping and area estimation

(iv) the data analysis and monitoring or up-dating.

These four major areas are interdependent to a greater or lesser
degree: their interdependence increases concomitantly with the in-
tensity of the survey. For instance, in exploratory surveys, the re-

source classification may not depend on a ground sampling scheme
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(although some check of ground truth must be included), while in de-
tailed surveys the occurrence of commercially important stock (ex-

ample: rattan) in the forest may not be detected even from the high-
est resolution aerial photography and has tolbe ascertained by samp-

ling on the ground.

Survey results are usually presented in the form of thematic maps

and descriptive legend for lowel-level intensities and in the form of
resource information in overlays printed onto topographic maps.with
matching tables of analysis results for higher-level intensitiés.

In all cases, however, data bank storage enabling easy retrieval of
basic information related to épecific locations on maps, is of great

importance in rapidly changing development situations (Susanto 1979).

Availability, performance and trends of the resources can be shown
rapialy from computer comparisons in time and space. Nowadays, in
most places frequent monitoring of the resource base is necessary

for any scale of survey. The important task of inventory in these mo-
dern systems is to ensure that the data in the bank give accurate
ground truth at'a specified fime and related to a specific location
on a map. This will ensure flexibility in continuous analysis and

interpretation of data and results.

Classification of Resources

Forest land classes shown on maps will give information'on types of
végetation (forest types), landform (terrain classes) and soils, be-
sides showing details of existing land use and infrastructure (ac-’
cess). The nomenclature used in practice tends to be simple with -
the implicit assumption that much information can be deduced by
people familiar with local conditions: '"peat swamp forest!" will tell
the local forester quite a lot about the vegetation, landform and

soil in his locality.

Attempts have recently been made to translate and integrate local-
ly meaningful classes into classifications for wider application and

comparison. This is particularly important if large areas are to be
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monitored frequently with the help of remote sensors on space plat-

forms (Hempenius 1978).

To achieve the comprehensive, standardiied classifications, that

are so urgently needed, the following studies should be referred to:

- "Classification of ﬁorld Life Zoneé or Plant Formations'", Holdridge
1967

- "International Classification and Mapping of Veéetation”, Unesco,
1973

- "FAO Proposed Classification of Existing Land Use and Forest Clas-

ses', FAO, 1973.

These studies deal mainly with vegetational aspects and are partly
based on measurable properties of the environment (humidity provinces,
latitudinal regions and altitudinal belts; see Holdridge) and partly
on the structure of vegetation sampled on the ground and its ap-

pearance on remote-sensing images.

Landform/terrain classification in forestry based on measurable pro-
perties of slope (% and 1ength); drainage pattern, obstacles and
eveness of ground surface kDent 1978), is relatively young. It is
commanding increasing attention due to its great importance for
highly-mechanized forest operations which have to use longer and
cost-critical transport lines (FAO 1972 and FAO Forestry Paper 1978).
Forest soil classifications intendé€d to provide fertility ra-

tings for intended crops have become important in development areas
under more intensified management for .converting more natural secon-
dary forests into high-yielding forest plantations, for replanting
deforested and degraded lands and for the eventual conversion of
forests into agricultural uses (for foodstuffs, range or tree crops
such as rubber and oilpalm). Soil measurements include effective
depth (to rock or impermeable pan), groundwater level, organic mat-
ter contents of layers, their mineralogy, pH, base saturation and an

indication of current erosion features (Lundgren 1980).
Although a start has been made, forest inventory still has a
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long way to go, particularly in tropical areas, in providing a com-
prehensive classification of resources that integrates vegetation,
terrain and soil typeé and that can be used in future satellite mo-
nitoriﬁg. The urgently needed development of comﬁrehensive classifi-
cation could be achieved most quickly by making regional or national
inventories with built-in continuity. The first stage in such large-
area invenﬁories should be done at a reconnaissance scale, using
ground sampling as well as remote sensing tecﬁniques (including ra-

dar in tropical areas).

Ground sampling

Ground sample data serve two basic purposes in inventory. They pro-

vide: _

'~ a means to check the interpretatiqn of remote sensing images
against '"ground truth" (ascertaining what the patterns and diffe-
rences detected on images represent ip reality);

- a body of statistical information on the resources that can be ana-
lysed by mapped area classes to give means and variations of re-
source information.

The classification of resources shown in mapped areas, will pro--

vide a stratification for sampling analysis. However, where some of

the important resource characteristics cannot be reliably interpreted
from images or-require preliminary research, the classification will
have to rely on ground sampling to a certain extent, at least ini-
tially. This particularly applies to trqpical forést areas, where

part of vegetation and .terrain cha;acteriétics may be obscuréd by a

dense upper canopy of trees and where generally little knowledge is

available on the distribution of soil types.

Systematic ground sampling on grid-intersections is recommended

as most practical under these circumstances. This is even more the

case where comﬁfehensive classifications require research and devel-

opment and where it is intended to build up a moﬁitoring network.

Operational’ inventories for forest exploitation are usuallyldone on

a systematic basis._FAO (1972) and C. Lepitre of the Centre Technique
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Forestier Tropical, France (1977) have studied ground sampling com-

bining characteristics of vegetation and terrain in tropical forests.

A minimum amount of soil descriptive information was also collected

at the same time (note: research on soil fertility does not usually

receive much attention in more permanent tropical forests, as the

natural forest ecosystem is thought to be independent of soil ferti-

lity to a considerable extent: '"the natural forest grows largely on

its own litter").

On the basis of these field experiences, the following ground

sampling scheme appears most promising for continuous monitoring and

the development of an appropriate and comprehensive classification:

I.

II.

III.

Iv.

the delineation of sampling block areas at systematicbgrid—
point locations (for instance for the inventory of a large
forest area, the blocks could be 1 km2 each at intervals of
10 km); ,
the lay-out of a fixed number of sample plots systematically
placed within each block (cluster samples, for inétance 25 plots,
each of 0.2 ha, per kmz);

the enumeration of forest vegetation in each sample plot (spe-
cies determination, measurement of diameters and

heights, assessment of quality and imperfections for all trees
over a certain minimum diameter; sampling in sub—piots for smal-
ler trees, shrubs, weeds, etc.);

the measurement and observation of terrain characteristics

along the borders of each sample plot (slope gradients-aﬁd
lengths, number of drainage crossings, surface eveness, soil
firmness, amount of undergrowth, number of windfalls, number of
boulders or rock-outcrops and occurrence of erosion features);
the measurement and observation of soil characteristics by

auger samples taken ‘at regular (and rather frequent) intervals
along all survey transect lines within the sampling block (ef-
fective soil depth, structure of horizons, their organic matter
content and porosity).

From a sub-sample of V. soil samples may be collected for labo-
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ratory analysis of mineralogy, organic matter, pH, CEC, base -

saturation, etc.

Some of the ground samples should be marked to enable exact relo-
cation and remeasurement after a period of several years. It is sug-
gested that sucﬁ permanent observation plots for continuous inven-
tory should be mainly located in‘sélectively logged forests and in
plantation areas, to determine forest growth and deveiopments of
aspects of terrain (erosion) and soil fertility (organic matter,

compaction).

Mapping and Area Estimation

The first concern of inventory mapping is the provision of adequate
base-maps, for whiéh aerial photography and geodetic control may be
required. A certain amount of topographic information must always

be included in base-maps for forest inventory purposes. Shown con-
tour-intervals required will vary with the scale of the survey: they
may be 100-250 m for reconnaissance level and 25 m and less for de-

tailed surveys.

Usually the first mapping procedure is to prepare‘draft maps from
interpreted remote-sensing images showing classes of vegetation/

land use, laﬁdform/terrain and if possible broéd soil types in forest
land areas. The next step will be checking the draft map against

known ground truth.

For this latter purpose, maps of the forest vegetation, terrain
classes and soil types should be prepared for each sampling block
(see before) from the field data collected on the regularly-spaced
cluster-plots and line-transects. Such block maps will represent a
significant area of forest land (of, say, 1 kmz) at regular distan-
ces (say 10 km) over the entire survey area. They offer an opportuni-
ty for research and development of the classification to be used in
interpreting remote-sensing images and will provide detailed ground’
truth for monitoring changes through periodic complete or partial

re-surveys.
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Maps will also show forest ownership and/or administrative divisions.
Climatic zones and current accessibility status may also be super-
imposed.

Maps then show ultimately a pattern of forestry land lots of dif-
ferent size and shape, each having a unique combination of vegeta-
tion, terrain, soil, current land use/ownership, administration,

climate and access status.

To estimate areas on such maps, counting and recording on a grid-
intersection basis, directly used as computer-input in the data-bank
system, seems most efficient. This enables all numbered land-lots in
a certain area possessing selected combinations of characteristics,

with their locations, to be rapidly recalled by computer at any time.

As the -pressure of development on the resources increases, the in-
terdependence of areas (forestry land lots) becomes more obvious.
What happens in one land-lot may significantly influence the develop-
ment potentials of other lots. It will be necessary to have ‘a good
overview, particularly for land evaluation. The assessors/planners
will have to call up information from the data-bank selectively; the
selection of land-lot particulars wiil be done, at least partly, by

studying the maps.

To serve their purpose efficiently, good maps must include adequaté
legends. As far as possible, the legends should .contain pertinent
quantitafive and/or qualitative data on the described resources clas-
ses shown. This will be a great help when selecting for call-up of
‘" computer detail. The most important class data on means and vari-
ations, derived from sampling analysis (see beiéw), should not be
hidden in a bulky survey report, but appear in the map legends first

and foremost.

Data Analysis and Monitoring

Analysis of sampling data (e.g. tree stock enumeration, slope per-
centage and length, effective depth of soil etc.) will serve two
main purboses:

- it will provide estimates of averages and variations in resource
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characteristics and amounts per unit area (ha) by strata récognized

on the map (a stratum may .be any combination of classes of forest

type, terrain, soil type, land use, ownership, administrative, cli-

matic andAaccess zones). Pertinent fésource sampling resulfs will

be used in the map legends

together with area estimations (counts of land-lot areas), it will

provide estimates of total resources available in certain catego-

ries ofAland (e.g. to answer such vital questions as: is there
enough volume available withiﬁ x km radius to operate a processing

plant of minimum input capacity y?).

To enable flexible, alternative evaluations of ;his nature, the ana-
lysis should be computer-based. There are very many feasiﬁle com-
binations in a thorough evaluation where it is necessary to investi-
gate at the level of land-lots (and this will ultimately bg so in

meaningful land evaluation).

Land lots will be contaiﬁed in a sampling stratum but need not be
groundsampled themselves. To minimize the risk of errbf in lot esti-
mates it would be most valuable to further develop locational ana-
lysis of variables for forest resourcés, along the lines that ha&e
proved to be so useful in surveys for mineral and fossil deposits
(e.g. 0il soundings and drillings). The data from eqqidistant plots
in clusters within regularly-spaced blocks, enable the variation of
resources in space (e.g. the predictébility of spatial variations)
to be studied. If a land lot lies in a certain distance from sampled
bloéks within the same stratum, research efforts will enable the
probability that certain minimum amounts of resources will be con-

tained in that particular land lot to be estimated.

Given the increasing pressure for development, with rapid and some-
times drastic changes in the resource picture, locational data re-
quire frequent revision and up-dating. Remote sensing images are
very important for monitoring area information. The use of radar-
sensors is a promising recent development, particularly for tropi-

cal areas with near-continuous cloud cover.
Data on growth of tree stock, most importantly in selectively logged
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forests (which may be expected to form the bulk of forest resources
in most tropical areas within a few decades) and in intensively-
managed, high—yieiding.plantatiohs, are obtained from successive
analysis of permanent éample plot data. These enable forest yield

predictions (wood production).

At present there are no inventdry procedures to monitor changes in
terrain class (e.g. erosion céused by man and machines) and soil
type (e.g. degradation resulting from compaction by heavy macﬁinery
and/or from dréstic man-made change of vegetafion type). Such pro-
cedures need to be developed from combined researchbon periodic re-
mote-sensing images and observations on permanent samples (continu-

ous inventory).
Conclusion

Forest inventory, as one of the important information bases for land
evaluation in forestry, must continue to develop new approaches and
techniques. Research ‘and development needs to be done on:

- comprehensive classification of resources

- monitoring systems with remote Sensors

- continuous inventory data banking and analysis.

"Last but not least, this research and development needs to be based
on ground survey of sample plots distributed over extensive areas,
e.g. in a reconnaissance type of national forest inventory. This
will be a time- and manpower-consuming operation, and its priority
level is not always clearly recognized in national development plan-

N

ning policies.

The alternative, of a piecemeal building-up of the required systems
and techniq?es for forestry evaluation from limited, pilot study

investigations, in time to be useful for land evaluation proceeding
in other fields (e.g. agricultupe, including on lands recently con-

verted from forests), is unsatisfactory and unpracticable.
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THE ROLE OF SINGLE LAND ATTRIBUTES IN FOREST EVALUATION

(Classification, Evaluation and Inventory)
1.S5. Zonneveld

International Institute for Aerial Survey and Earth Seciences, ITC,
Enschede, The Netherlands

Summary

The author states that. in forest evaluation the forest ecosystem should be
considered as a whole. Nevertheless the single attributes of the ecosystem
are important to know because integration is not a matter of mixing up. It
is important to have some knowledge of single attributes and values to under-
stand limitations and to direct amelioration. Often, within narrow ecologi-
cal districts, evaluations of sites can also be made on the basis of single
attributes with an integrated character, such as soil and vegetation. For
pure holistic surveys the basic attributes may even be used for the descrip-
tion and classification of land units. So soil and vegetation and landform
classification systems may well be the main basis for holistic land classi-
fication for forest ‘evaluation. Climate classification can be of great help
in judging the value of sites for exotic épecies that may have a niche out-
side their area of origin. Two basic concepts in classification and evalua-
tion are discussed, since both have an ambivalent meaning. The term
characteristic is used for intrinsic character determining properties as
well as for features to be applied as diagnostic properties. Similarly the
term quality is used as intrinsic value detérmining property as well as
diagnostic feature to be used to recognize evaluation classes according to

certain value criteria.



Introduction

Every forester and certainly every forest ecologis; knows that in assessing

the value of the forest site, one should use the forest ecosystem as a

whole. ‘

We know all about the intricate relationship between vegetatidn (including

forest), flora, soil, landform, water, rock, atmosphere, animals and man,

all within the three dimensions of space and the fourth dimension: time.

The interaction between all factors and also the interdependence of environ-

mental factors can be a reason for serious errors if only one or a few are

taken into considerétion and all the others are neglecﬁed. This holds true

for land attributes, especially for single values of each land attribute.

Other papers presented in this symposium will deal with the integrated ap-

proaches that have to be applied to avoid such errors. Here we treat the

single attributes. There are four reasons for doing this:

1, "Integration" is not "mixing up".

2. Knowledge of single values can be important in describing, understand-
ing and ameliorating of sites.

3. In spite of the introductory remarks, sometimes single values are used
for detailed evaluation of specific factors.

4, Even if purely holistic evaluation methods are applied, the basic sur-—

vey may be carried out separately for each component.

Reasons for the use of single attributes

1. So far in landscape ecological surveys, applying as comprehensive a
concept as possible, it is still vali& to utilize the various land at-
tributes such as vegetation, soils and landform. At least the lowest
(basic category), the ecotope (site), is characterized by the soil,
vegetation and landform with the help of existing classification sys-
tems.

Normally the data are expressed on maps. There the final classification
appears in the form of a legend (chorological classification). In the
most useful cases the legend shows the components (land attributes) in
table form. Indeed there are trials to make a typification (non-choro-

logical classification) on the base of ecotopes. But such clasgification
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systems (outside Russia) are not yet important. But even here existing
land attribute classifications could be used.

For convenience in comparison, it certainly éeems useful to apply when-
ever possible the ”1aﬁguage" of existing soil classification systems,
vegetation-classification systems, geological systems, climatological
systems, geomorphélogical systems, etc.

Besides classification units of existing attribute systems, single
values of land attributes are also used in landscape classification.

So in a certain simplified land survey sometimes one uses soil types

or other units which are not fully classified, merely treating the
depth or a combination of depth and texture. In the same way certain
landscape surveys may use only the main structure as far as vegeta-
tion is concerned, or the main life form, or just the dominant species,

or only one or a few indicator species.

Knowledge of the single land attributes and their single values is not
only important for the description (classification) of the site units.
This knowledge may also lead to understanding of certain properties
that show some potentialities and that may be considered for improve-~
ment (“qualities“). Combinations of those known.single values in parti-
cular may also give a clue for comparison of remote units. An example
of the latter is certain soil fertility parameters and climate para-

meters.

One comes.abross situations where, in spite of the generally accepted
statements at the beginning of this paper, single land attributes are
still used for forest site quality evaluation. This should not be re-
jected in all cases. It depends very much on the scale and purpose of
the application of land attributes. We will see in the following para-
graphs that in certain cases such procedures can be justified only at
small scale (macro climate), as opposed to large scale (soils). We

will also see that it is not always easy to judge the extent to which

certain types of survey can be considered as mono-attribute surveys.

The basic surveys for land evaluation can be carried out in two main

ways:




a. by single attribute surveys (even single value surveys) of the
various separate components. Eventually the data can then be in-
tegrated;

b. by more holistic land(scape) surveys directly.

Espeéially in the first case it 1s important to choose the mono-attri-~

bute classification systems and inventory techniques that best serve

the purpose. There is still choice between more parametric or more
holistic (comprehensive) methods in converting the basic data in terms

of land evaluation.

In subsequent paragraphs, some guidelines for selection of inventory tech-

niques and classification systems and their use in land evaluation will be

discussed for each relevant land attribute. First some notes on the concept

classification and inventory are necessary (see also Zonneveld 1979; see

references).

Classification, evaluation and inventory

To avoid misunderstanding in terms used, we will describe some concepts and

~

[ »
terms in classification, evaluation and inventory, as used in this paper.

1.

Classification means the "systematic ordering of data". This ordering
is dome by using properties of the item to be classified. These proper-
ties are selected (= abstracted)* from the total set of properties

available. Properties selected for this purpose are then called 'charac-

‘teristics" or '"diagnostic characteristics". The selection is done ac-

cording to a set of guidelines. One guideline is that abstracted
properties (the diagnostic:characteristics) should be relatively easily
observable, measurable and morphometric. Usually another guideline is

that the chosen set of (diagnostic) characteristics will correlate with

such properties of the items that are of interest, in this case, for

Hence each classification is an abstraction.
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the aim of ecological characterization of the site.* It may still be
indirect at this stage (see under ''qualities').

Guidelines are also necessary for the chosen hierarchy. This can be

purely morphometric e.g. given by a cluster or polyfactor program in
a computer, resulting in dendrogrammes based on a purely statistical
comparison of similarities and differences. For practical purposes,

however, one can-use a guiding principle for hierarchy in such a way

that for certain purposes a convenient system exists.

So in the world of soil classification systems usually climate is cho-

sen as a guiding principle to ensure that those soil characteristics
that depend on (and are caused by) it are used at the highest hierar-
chical level. This means that these units coincide easily with legeﬁd
units on world maps. We will see that this is less favourable when

using such classifications at more detailed levels. Another example is

the vegetation classification system in which soil fertility indication

appears at the highest level, soil moisture indication on the next and
other ecological factors at a lower level (see references: Baﬁnihk,
Leys and Zonneveld 1973; Zonneveld 1961; Zonneveld 1977). Guidelines
for selection of parameters and subdivision into classes in climate -
classification are usually such that general geographically well-known
landscapes as desert, tropical rain forest, Mediterranean areas, etc.

can be distinguished as clearly as possible on climatic criteria.

Evaluation. The classification units serve as a base for evaluation,
interpreted in terms of suitability for a certain purpose. The classi-
fication units should be selected in such a way that an evaluation is
possible! This means that those properties that should be known during
the evaluation process can be derived from the basic classification
units (and the legend units composed of these units).

In this paper we mention such properties as qualities. The word quality

has two meanings:

The term characteristic 1s often also used for intrinsic properties,
not only for those selected as recognition marks. Therefore it is
necessary to indicate the latter with the term "diagnostie" charac-
teristics. (See b.)
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It indicates the "force" determining (cauéing) the value for a
certain purpose.

At the same time it indicates the parameter (the diagnostic value)
used in the evaluation process.

Qualities usually have a complex character (fertility, erosion hazard,
humidity, etc.). The diagnostic value is usually- expressed in classes
(fertility, classes 1-5, etc.).

In fact, also the common use of the term ''characteristic'" has a double
meaning, as does ''quality". Also here we use the word for something in-
herent in a certain type, determining character. At the same time we
use the word for a measurable parameter (diagnostic characteristic) to
distinguish one item from another.* So qualities are used as diagnbstic
charagteristics of an evaluation system (a system of pragmatic land

classes, or forest site classes in this case).

An Znventory can be made in various ways. ﬁe will restrict ourselves
here .to those types of inventory resulting in maps. Two aims of mapping
are considered here, for which field observation or photo interpreta-
tion combined with field observations provide the necessary data.

One aim involves typZfication: the classification of the content of the
mapﬁing units. The other aim involves the chorology: che'position of
lines and units in the map. Enough has already been said about direct
and indirect data used in classification. In chorology one should be
aware that the less detailed the map, the less appropriate the direct
single value or mono-attribute observation.

On a scale 1:5,000 one can still do the survey on foot and note direct
soil augering data, slope angles, vegetation communities. On scale
1:50,000 all this is impossible and one should map comprehensive land
units, even if one is interested in single values. The single values
then have to be indirectly interpreted. This gives almost all reconnais-

sance soil maps and vegetation maps (certainly those of scales smaller

The Dutch word "Kenmerk" is more clear in one way, meaning clearly

. dtagnostic characteristic that can be measured (estimated) with the

help of diagnostic criteria.
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than 1:200,000) a rather holistic character, even if the legend is

expressed in pure mono-attribute terms or even single values.

Climate

Classification

A multitude of single values of climatic factors exist in map form,
including precipitation, temperature, cloudiness, wind velocity, wind
direction maps, etc.

Somewhat more comprehensive climate classifications exist in various
forms. They are usually expressed in formulas with parameters such as
precipitation, temperature, potential evapotranspiration. More sophis-
ticated systems also inclgde sun radiation, distribution of these data
over the seasons (seasonality, length of the most unfavourable and
favourable months). Examples are the formulas .of Thorntwaite,

De Martonne, Mayer, Emberger, Lange (see references: among others
Lemee 1967; Thorntwaite 1931; UNESCO—FAd 1963). The Koppen system is
widely applied; it is more comprehensive and shows a real hierarchy
(see references: Koppen 1936).

At the highest level (indicated with a capital letter) the main divi-
sion is given in terms of arid zones, temperate zones, equatorial cli-
mates, etc. These are defined in terms of precipitation and temperature
ratio (according to quotient similar to Lange's index) in combination
with absolute temperature limits. These are all based on year averages.
The second level, indicated with a second capital letter introduces
seasonality (summer or winter rains or monsoon influences, etc.) and
some subdivisions (especially in arid zones) according to the same cri-
teria as the first level.

The third level gives a subdivision based on temperatures, yearly means
as well as monthly data (warmest and coolest months).

The origin of the system is purely empirical. The boundaries are select-
ed to correlate as closely as possible with well defined vegetation
zones (including land use). So the vegetation zones serve as guidelines.
The diagnostic characteristics are pure morpho-metrical properties of

climate itself.
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2.

Quite different ways of using climate for evaluation of sites are
presented by the parametric approaches of Lieth and others (see
rgferences: Lieth 1974) and also various kinds of production models
(including parameters other than climate). These use direct quali-

ties without an intermediary classification.

Inventorz

Direct climatic inventory requires long years of measuring in weather
stations. The number of such stations is necessarily limited. There-
fore climate classification maps using such pure data are necessarily
of a reconnaissance type.

But even on such worldwide climate maps the density of stations is not
sufficient to design proper boundaries. So inventory techniques make
use of the indication value of other land attributes- especially the
vegetation (including land use) and relief (altitude).

Good examples are almost all very small scale climate maps of Kdppen,
Thorntwait, de Martonne, Lange, etc. appearing in many geography and
forestry text books as well\gsﬂthe‘climatic zones maps of UNESCO-FAO
(see references: UNESCO-FAO légj). The well-known maps of Holdridge
(see references: Holdridge, Gremke, Hatheway, Liang and Tosil197l) can
also be mentioned here although these are not pure ciimatological maps.
They have a clear vegetation component and even landscape features.
The same can be said for climatic data on maps of much more detailed
scales as applied in Germany (e.g. Hartmann 1968; Hartmann and Schelle
1969: see references) often indirectly by indication of vegetatiom,
etc., Some parameters- often have to be determined indirectly. The poten-
tial evapotranspiration estimation systems of Penman are good examples
(see also Holdridge system).

Climate classes can be defined by ranges of numeric expression of cer-
tain climate indexes added with some expressions about seésonality.
(For examples of indexes see the next paragraph.) The seasonal aspects

per station can be expressed very well in graphs of various kinds.

Evaluation

Most climatic systems are expressed in terms of a formula representing

qualities. The diagnostic parameters (characteristics) for general
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classification coincide with the quality parameters., Of these,
temperature is a factor acting directly (kenetic energy is importént
for life processes), but alsé indirectly (influencing evapotranspira-
tion).

Rainfall itself is n@tva real quality, but via the evapoﬁranspiration
(in combination with temperature) and the water bearing capacity of
the soil it has influence.

In the literature a multitude of indices for a variety of climatic
qualities exist. As mentioned before, the subdivision of climates is
based on the outcome of one or a combination of quality parameters.
Some characteristic eiamples are mentioned below (derived from a com-—

pilation of Lemée 1967; see references).

Evaporat;on: Emm/day = 1.4 (1 + 0.17 uz)(eS - ea) (Penman)

(derived from: E = k (es - eé) f (u) (Dalton))

in which E = evaporation above a free water surface, k = a diffusion
constant of water vapour, eS = water vapour pressure at the surface,
e, = water vapour pressure in the air at a cértain distance from the
surface (in mm mercure), f(u) = an empirical function of the wind vel-
ocity at 2 meters above the surface in miles per hour.

Potential evapotranspiration is the amount of water per unit of time
by a certain area of earth surface which is supplied with water con-
stantly.

t

T 15 (Tura)

ETV (mm/month) = (Rg + 50) 0.4

in which Rg = golar radiation, t = mean temperature in the shade.
A more complex quality is the climatic humidity factor of Transeau:

.

=
1
et

in which P = precipitation and E = potential evaporation.
The climatic humidity quotient of Mayer (NSQ) uses the saturation defi-

cit in the air (ds in mm mercury):

NsQ =

5
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A well-known simple climate index is the rain factor of Lange:

w3{rd

R =

in which P = mm rain and T = temperature in centigrades.
Tha aridity index of the Martone is similar; only a comstant value of .

10 has been added to the temperature to avoid negative values:

Emberger has introduced an aridity index which is especially applica-
ble in the Mediterranean area. Here the temperature fluctuation during
the year (and not only the average temperature) is taken into account
as follows:
= x 1000 ‘

Tz Mo
in which P = precipitation in mm, M = mean maximum temperature of the
hottest and m = mean minimum temperature of the coolest months ex-
prgssed‘in centigrades Kelvin.
Walter 1964 (seé references) uses simple regression between climate
factors as precipitation and production, within similar areas which do
give reasonable results for grassland. Using the Kdppen system 6ne can~

not work with qualities as such.

Application

The most common application of climatic data in forestry is related to
the introduction of exotic species. A keen comparative study of climate
classifications or special climax indices is then done to study areas
from which species could be introduced. For this purpose comparative
studies of North America and Europe have been made (see references:
Smeets 1957; Veen 1949; Veen 1951).
In more detailed planning such data is rarely used. In these cases it
is normal to use a combined integrated approach in which climatic indi-~
cation is gained with the help of vegetation, altitude and aspect (in
mouﬁtaineus areas), and direct measurements. Good examples of these
combined systems on small- scale are the Holdridge maps (see references:
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Holdridge, Gremke, Hatheway, Liang and Tosi 1971) and on large

‘(detailed) scales the German forest site classification (see refer-

ences: Hartman and Schelle 1969).

The Italian Forestry Service of the Mediterranean Forestlands in
Southern Italy uses altitude zones separated at the 800 m and the 12 m
level of altitude. These are supposed to coincide with important vege-
tation zones (resp. the Lauretum, Castanetum and Fagetum). These alti-
tudinal zones are used as climatic qualities for tree species selec-
tion. '

(Although it would be better to use the vegetation communities that
indicate the zones much better than the absolute altitude figures.
Exposure, local differences in topo climate, besides soil conditions,
cause marked deviation.)

In all cases it is clear that a pure climatological quality (irrespec-
tive of whether this is determined directly or indirectly and is relat-
ed to main climate, topo climate or even micro climate) only can be
used in comparing sites that are the same in all other aspects (soil,

exposition, etc.).

Soils

l.

Classification

Soil survey data are widely used for evaluation of forest sites.
Intensive studies on site quality correlated with soil type is done in
most developed forestiareas in the world. In many cases soil is used

as an important element in integrated site quality assessment. A very
extensive literature exists on soil and forest vegetation relationships
(see references: Bannink, Leys and Zonneveld 1973; Bastide and van Good
1970; van Eck and Whiteside 1958; Ellénborh 1967; Erdmann 1957; Jones
1979; Kundler 1956; van Lynden 1966; Mraz 1961; Mickenhausen 1957;
Ohmasa 1951; Schelling 1955; Schelling 1960; Zonneveld 1961; Zonneveld
1977). ' '

Some general remarks about soil classification and forest site quality
should be made. _

In most soil classification systems the guiding principles are focussed

on (a) climatic influence on soil genesis, and (b) agricultural
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applicability. The climate-based guiding principles work at high
levels (large soil groups) . For practical application of soil classi-
fication systems on the scale of forest management this is not often
very favourable. The trend to have these subdivisions according to the
climatic soil factor is fed by the wish to make reconnaissance soil
maps at a small scale (smaller than 1:500,000) in which the units are
not too complex., Such maps, focussing on zonality, are very useful in
teaching and other scientific purposes but the soil information on such
maps is much less useful for practical evaluation at the level of for-
est managément. The main groups correspond to climatic zones of the
past, and may still correlate with climatic zones that, however, are
much better depicted on vegetation maps or climate maps of different
kinds. Those differences in (diagnostic) characteristics, which are of
direct importance in site quality evaluation, appear at the lowest
levels (phases often) in the classification.

Here we see that subdivisions are usually made for agricultural prac-—
tice, and for forests some of these are not relevant. For example stony-
ness as a quality may be of no importance for forest growth as long as
tree roots can penetrate deep enough to reach minerals and moisture. On
the other hand, small differences in mineral content, especially relat-
ed to the condition ,and kind of humic layer (A and F horizons = forest
floor), may be of major importance in forest evaluation, while the lat-
ter is often neglected because of disturbance of that layer by agricul-
ture, or is judged to be of minor importance.

Real depth of root penetration and overall soil consistency are most
important qualities in relation to the role of soil in support of trees,
being a major factor in forest site classification (which is much less
the case in agricultural application).

Existing systems should be surveyed for potential as well as actual use
(preferably integrated with other land attributes). Good examples are
the studies done in the Netherlands at a rather detailed level. A clear’
correlation was shown within a rather narrow soil classification unit
of humic podzols, between Scotch pine growth and the combined factors
soil humidity and mineral supply. Both factors could be partly corre-

lated with the most detailed levels of the soil classification, but

87




.survey will usually also make use of terrain data (landform, physio-

' especially'physiégraphy, will be used.

were not sufficiently narrow to be of practical value if other survey
techniques were not also taken into account.

For the defining qualities in relation to the water factor it appeared

necessary to do extra observations on groundwater (via soil morpho-
metric features combined with direct groundwater measurements for cali-
bration). Also the spontaneoug vegetation (forest floor vegetation)
could give information on this. The latter was indispensable to indi-
cate the differences in mineral supply. The latter is connected with
the type of humus, which is determined also by certain biological and
anthropogenic differences in the past (partly independent of the over-

all soil type!l).

Inventory and evaluation

The best way of inventory of soil data is mapping.

In most cases pure soil survey (without integration with the other
land attributes) is feasible at rather detailed scales, within cli-
matological homogeneous areas. Here they represent the main way to
make site quality classification for (re)forestation of areas where
forest no longer exists. In the Netherlands there are good examples
of this survey and their evaluation.

On reconnaissance scale actual climate may already play a too active
role to be neglected; therefore soil survey alone is not sufficient.
In mountainous areas, even on rather detailed scales, topo'climate
plays such an important role that site evaluation mainly on base of
soil data may be too risky. It follows that it may bé necessary to
make special surveys using characteristics different from those of
usual soil surveys for agricultural practice.

The advantage of using vegetation data in combination with the soil

indication has been mentioned already. As each surveyor knows, soil
graphy). The less detailed the survey, the more the landscape,’

In general it can be said that an integrated approach is most suit-
able. However, even there a good soil classification focussed on

forestry problems should be applied.
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Vegetation

Vegetation classification systems form a widely used base for forest

evaluation (see references: Bannink, Leys and Zonneveld 1973; Erdmann 1957;

Ellenborh 1967; Hartmann 1968; Hartmann and Schelle 1969; Knoch 1957;

Zonneveld 1961; Zonneveld 1977). Here the use for evaluation can be distin-

guished in three ways.

1.

Inventory of the actual tree composition

v

For the first aim usually no vegetation classification systems are
used, but an inventory 1is made of species, with the help of various
sample -methods based on statistics. This means ﬁhat the species and
not a comprehensive vegetation type is the basic unit of classifica-
tion and inventory. The inventory is made with the help of various
transect methods in which species and volume characteristics are sam—
pled. Aerial photos can be used. Methodé may vary frém qualitative to
strictly quantitative inventory per tree species. The latter are very

important in controlled forest exploitation of natural forests.

Indication of the potential tree species composition

The second aim of vegetation inventory in forests makes use of floris-

"tic vegetation classification systems. Good examples are the Braun-

Blanquet system, which is commonly applied in several forms in Europe
and Japan, as well as in America and various tropical areas. The
classification units are comparable in character to soil units. A
stétistically found characteristic combination of species is used as a
characteristic for subdivision and hierarchical agglomeration. The tree
composition of natural forests may give the potential tree composition.
These data can be used for selection of tree composition in areas where
the tree layer has been removed or replaced, but the forést floor vege-
tation still indicates the original vegetation type. In the mountainous
areas of Germany this principle is applied (see references: Hartmann
1968; Hartmann and Schelle 1969). However, pérticularly in Europe, many
open "niches" exist in forest vegetation as far as the shrub and tree
composition is concerned. So potentially from various points of view

other tree species (e.g. from America) could also be introduced.
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Indication of the site forming factors such as climate, soil

and hydrology

For a wider reaching potential use, the third aim may be of help. The
same holds true for any kind of improvemeht one should like to apply
in the forest, such as drainage and fertilisation. A natural system of
vegetation types can serve as a good base for all kinds of other for-
est values. Also for this indication purpose floristic vegetation

classification using the full species composition of the forest eco-

system especially the forest floor vegetation (being the most sponta-

neous) is the most appropriate.

Structural types like formation systems, using a maximum of only a few
dominant tree species, are better than nothing in areas where the plant
species are not éufficiently known, but are liable to quick alteration
and usually have a lower indication value. However, it is good to have
structural data incorporated at a lower level too. For Europe and Japan
reasonable floristic classification systems with a hierarchical struc-
fure already exist. _

For detailed evaluation it may still be useful to design local systems
(compatible with general ones(!), to be able to make a generalisation
and éomparison with other areas) using original vegetation data and
correlation studies with the environment. Examples are our studies in
the Netherlands (see references: Bannink, Leys and Zonneveld 1973;
Zonneveld 1961; Zonneveld 1977).

Again, the suitable inQentory technique is survey, vegetation survey

in this case. As has already been said, a combination with soil survey
is preferable. In certain cases single vegetation surveys may have an
advantage over single soil surveyé because besides potential natural
species composition, the vegetation expresses soil, water and (tdpo)
climatic factors all in one, so it has rather an integrated character.
However, because the vegetation in certain places (especially in dense-
ly populated areas) may be absent or disturbed, the assistance of
direct soil and landform observations may be very useful.

In some cases the deepest groundwater influence may be less clear in
forest floor vegetation and need.verification by (deep) soil data.

Often so-called vegetation maps include direct information on other
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attributes or are at least based on those data. This applies for most
reconnaissance maps. The Holdridge maps are clear examples. The vege-
tation zones maps of E. Smidt in Switzerland are another example (see

references: Ellenborh 1967).

Other land attributes

Examples are known of how the geology and the landform expressed in map
form help in studying the site quality. However, use of these factors in-
dividually are not known to the author. The previously mentioned altitude
zones used as potential forest areas in Southern Italy may be an example,
but here the altitude zone is used as a climate indicator, to assist the
soil or vegetation or climate surveyor to make his maps. Usually‘they are
taken into account in any integrated approach. At least the previously men-
tioned Holdridge maps of Latin America (see references: Holdridge, Gremke,
Hatheway, Liang and Tosi 1971) (at least the best ones of them) are exam-—

"standortskartierung"

ples as far as small scale mapping is concerned. The
in Germany represents examples of more detailed surveys (see references:
Ellenborh 1967; Kilian 1980; Knoch 1957). The terrain classification as ex-
plained by Loffler in this symposium also makes intensive use of landform
and geological data.

Good geological classification systems do exist, landform systems exist
mainly in the form of legend description applied for geomorphological ter-
rain analysis (e.g. van‘Zuidam and van Zuidam-Cancelado 1979: see refer-

ences.
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INTEGRATED APPROACHES TO CLASSIFYING LAND AS
ECOSYSTEMS

Robert G. Bailey

Rocky Mountain Forest and Range Experiment Station, USDA Forest
Service, Fort Collins, Colorado, USA

Summary

Systems for classifying and evaluating land as ecosystems have developed
in different parts of the world during the past century. These systems
describe and analyze relatively homogeneous units of land on local or
regional scales. They classify land both as holistic ecosystems and
according to their components. An example of a hierarchical system for
classification of natural terrestrial ecosystems based on a combination

of biotic and abiotic criteria is outlined for the United States.

Introduction

Classification of land is required to provide an effective basis for
resource assessment aﬁd management and land use planning. Most
disciplines such as forestry, range management, and wildlife management
have developed numerous classifications, and most land-management ‘
agencies have several systems. Also, most classification systems have
focused on individual elements, such as vegetation and soils. Little
progress has been made toward developing a claséification system that
deals with individual land elements in conjunction with their spatial

relationships in an ecological framework.
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An interagency team of the Resources Evaluation Techniques Research aﬂd
Development Program at the Rocky Mountain Forest and Range Experiment
Station has been working since 1976 to dévelop an ecological
classification éystem for the United States.. The team, represented by
the Bureau of Land Management, Fprest Service, Fish and Wildlife Service,
Geological Survey, and Soil Conservation Service, has been improving the
framework developed by Driscoll, Russell, and Meier (1978) and refined
'by Merkel et al. (in prep.). The framework consists of four ecosystem
components--vegetation, soii,»landform, and water--which are examined
to describe and define taxonomic ecosystems and ecosystem associations in
relation to their geographic arrangement. This paper provides an
“overview of a procedure‘to describe and define geographical ecosystems as
a part of the ecological-élassification framework.

Background

During the 1930s, the federal government began to inventory and study a
broad range of individual resources and plan for their development-
(Bailey, Pfister, and Henderson 1978). By the late 1950s, it was apparent
that looking at individual resources by theﬁselves was too limited. What
was'lacking was a uniform and integrated classification system. At the
same time, land maﬁagérs became aware of the integrated nature of

écosystems.

A major problem in the development of such a-system has been component
integration. How ecosystems are ihtegrated.cannot be determined solely.
by analysis of their components. Furthermore, land is commonly
inventoried eithef by units of area or by statistical sampling procedures.
Also, land is not managed by individual ecosystem component; instead, it

. is managed, or should be managed} as an integrated entity considering
both biotic and abiotic'characteristicsm It is important to establish

a scheme to identify land units where ecosystem components are integrated

in a similar way, thereby classifying land as ecosystems.
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The Ecosystem Concept

In simple terms, the ecosystem concept states that the eafth operates as
a series of interrelated systems within which all components are linked,
so that a change in any one compcnent may bring about some corresponding
change in other components and the operation of the whole system. An
ecosystem approach to land evaluation stresses the interrelationships
among components rather than treating each one as a separate

characteristic of the landscape.

Rowe (1961) defined an ecosystem as ".

a topographic unit, a volume
of land and air plus organic contents extended areally over a particular
part of the earth's éurface for a certain time." This definition
stresses the reality of ecosystems as geographic units of the landscape
that include all natural phenomena and that can be identified and
surrounded by boundaries.. The boundaries of ecosystems, however, are
never closed or impermeable; they are open to transfer of energy and
materials to or from other ecosystems. The open nature of ecosystem
boundaries is important, for even though we may be dealing with a
particﬁlar ecosystem as a land unit, we must keep in mind that the
exchange of material with its surroundings is an important aspect of the

system's operation.

The term "ecosystem" is used quite generally without reference to spatial
dimensions. The largest terrestrial ecosystem is formed by the ecﬁsphere;
examples of small ecosystems would be a narrowly limited, homogeneous
stand of vegetation and a small pond. Therefore, to cover all ecosystems
at all levels of planning and management, it is necessary to set up a
definite hierarchy of ecological units of different sizes. Since we are
dealing with spatial systems, they will be consistently inserted, or
nested, into each other. Each level constitutes the environment of the
system at the level'below it; and, therefore, conditions or contfols the
behavior of the system at the level below it (Warren 1979). For

example, climate controls runoff in a watershed, which, in turn,
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interacts with hillslopes to produce stream channels. At each level, new
processes emerge that were not present or not evident at the next level
below. As Odum (1977) noted, results at any one level aid the study of
the next level in a set but never completely explain the phenomena
occurring at that higher level, which itself must be studied to complete

the picture.

Levéls of Integration

Ecosystem cbmponehts cannot function as independent systems, because they
exist only in association with one another (e.g., thin soils on steep
slopes, flat floodplains of fine textured soil and ipadequate drainage,
or the taiga areas dominated by narrow-leafed evergreen forest with
spodozol soil and subarctic climate). How components are related can be
viewed at different levels from the standpoint of complexity and
relationships. One level provides an understanding of relationships
within the local area, and another provides an understahding of local

areas within the context of a larger area or region.

Integrated classification of small, relatively homogeneous areas foliows
directly from the components and involves the combination of two or more
components. The concept of using more than one component system to
identify integrated homogeneous units of land at the local level was
expressed in ECOCLASS (Corliss 1974), Modified ECOCLASS (Buttery 1978),
and ECOSYM (Henderson, Davis and Ryberg 1978). Several component
classifications, each with its own hierarchy, can be linked to define
ecological land or water units. Integrated units as defined this way, are
place-independent because interrelationships of surrounding land units
are not considered. These units can be grouped on the basis of their
similarities into higher classes, which reflect increasing generality of
information. For example, spruce-fir forest ecosystems can be grouped
with Douglas-fir forest ecosystems into a category called needle-ieaf
evergreen forest. Because geographic location is not considered, larger
land units do not necessarily result from such a process. In addition,
all data from discontinuous areas of the same type would be pooled

98




regardless of geographic location. This kind of information is necessary
to make independent inferences about forest, grassland, and shrubland
ecosystems. However, the local system can never be understood fully

except in the context of the larger system that encompasses it.

For such an understanding, it is necessary to view ecosystems in a
geographic or spatial hierarchy that reflects how they fit together in the
landscape. The grouping of ecosystems to define units at this level of
integration is analogous to using combinations of soils in defining soil
catenas (associations) or landforms in defining watershed basins.
However, ecosystems related by geography are not necessarily related by
taxonomic properties. The catena, for example, comprises different
taxonomic soil series which are geographically related. An advantage of
combining ecosystems into larger geographical units is that they can be
related to surrounding qnits with which they interact. This is important
in evaluating the effect of management of one type of system on
surrounding systems (e.g., the effect of grazing in tHe alpine zone on

the adjacent subalpine zone).

A Multipurpose System

Land areas are classified according to intended use. The set of
characteristics chosen as significant for classifying a écological unit
for one resource use must often be revised to sult another purpose. The
result is likely to be a different pattern of units for each activity

considered.

" This approach is not going to satisfy the need for integrated information

about the ecosystem and its resources. The expense alone of collecting
separate information on timber, wildlife, recreation, and other resources
precludes it. In the United States, we must consider interaction between
these separate outputs on the same unit of land if enyironmental laws and
multiple use mandates are to be complied ﬁith, For these reasons, a

general classification system which can be used for multiple purposes is

A needed. This does not mean that special purpose, functional
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classification of land units will no longer be needed. They will, but

should be done within the context of the multipurpose system.

Classification of Land as Ecosystems

Classification of land as-systems for resource management has been proposed
and developed by ecologists and geographers since Tansley (1935) coined
the term "ecosystem." However, the concept of land as an ecosystem is
much older. The ancient Greeks recognized such a concept. In the 18th
century, Baron von Humbolt provided an outline of latitudinal zonality and
high-altitude zonality of the plant and animal world in relation to
climate. Of immense significance for the development of the theory of
integrated concepts was the work of Duckuchaev (1899) who pointed out that -
within the limits of extensive areas (zones) natural conditions are
characterized by many features in common, which change markedly in

passing from one zone to another. As Kalesnik notes (1962), he "called

for the study, not of individual bodies and natural phenomena, but certain
integral territorial aggregates of them." These ideas formed the basis

for subsequent work in integrated land classification;

At the world scale, natural regions have been mapped by Herbertson (1905)
and further refined by Biasutti (1962). 1In Russia, Berg (1947) detailed
landscape zones while similar work related to landscape science was
developed by Passarge (Troll 1971) in Germany. Veatch's (1930) research
in Michigan outlined "natural geographic divisions" and "natural land

types.” " In surveys undertaken within- the British Empire, Bourne (1931)

1" 1

derived his concepts of "sites" and "site regions." Sukachev's (Sukachev
and Dylis 196L) investigations into biogeocoenology followed similar

lines. Other studies which make use of integrated concepts have been
developed in Australia (Christian and Stewart 1968) and the United States
(Werti and Arnold l972),lunder the title of "land systems." In Canada,
such a concept is used in "biophysical" or "ecological land classification"
(Wiken and Ironside 1977). This methodology calls for total integration

of landform, lithology, relief,_climate, soils, and vegetation.
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While similar concepts have evolved in different countries, different

systems of units have been developed during the past 20 years for dealing
with ecosystems at different levels of integration. As table 1
indicates, there are differences in the number of levels and the units

at approximately the same level have different names. This makes it
difficult to compare and contrast work derived from different couptries.
They all, however, share a common approach by the application of certain
well recognized principles which are followed in constructing a system

of classification.

Principles of .Integrated Land Classification

Because subsystems can be understood only within the context of the whole,

a classification of ecosystems usually beginé with the largest units, and
successively subdivides them by levels. While the concept ofiecosystem
implies. equality among all the components, all components may not be_equally
significant at different levels in the hierarchy. Further, it is difficult-
to systematically deal with all components simultaneously. Therefore, it

is necessary to establish a clearly defined hierarchy of components that
reflects their level of control on the location, size, productivity,
structure, and function of the system. Thus, components which exert the
most control are highest in the classification. The differentiating
criteria at tﬁe upper levels are broad and general in importance, with the
greatest control, while those at lower le?els are narrow and more specific
in importance. Integrated classification comonly involves, therefore,
.alternative use of components along with information on proéess for the

differentiation of successive levels.

For broad-scale classification of a continent.into a small number of large
units, the large ecoldgical climate-zones are a possible approach

(Walter and Box 1976). The formulation of soils and vegetation types is
determined primarily by the climate; this is less true for the fauna. The

macroclimate is a primary factor for the ecosystem. Surface configuration
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Table l.——System

of units in ecological land‘classification.

Australian

British Canadian Soviet Union United States
land research land unit ecological land landscape land systems/
approaéhl approach2 claésification3 approach ecosystem approach5

Zone
Domain
Land Zone Division
Land Region Ecoregion Province Province
Land District Ecodistrict ( Section
: Landscape
Land System Land System Ecosection District
Land Type Ecosite . Urochishcha Landtype
Land Unit Association
Land Type Land Phase Landtype
Site Ecoelement Landtype
phase
Facia Site
1 - Christian and Stewart (1968); 2 -~ Brink et al. (1965); 3 - Wiken and Ironside (1977)

References:

4 - Isachenko (1973); 5 - Wertz and Arnold (1972), Bailey (1976).




at the broad level is less influenced by climate than is either vegetation
or soil; but the influence.is great enough for the minor features to

reflect the climate of the area where they occur.

For further subclassification, below climate, the broad-scale vegetation
conditions appear to be appropriate criteria, which also provide a very
delicate index of climate. Its predominance in the landscape also
insures its consideration in any scheme of zoning. Usually, the
boundaries of vegetation regions or major plant formations coincide with
those of major relief units; this strengthens the primary division.
However, the surface features are more useful at lower levels, that is,

for zoning biotically circumscribed areas.

For detailed discussion of the principles of integrated land classification,
several references are recommended: Pfister (1977), Rowe (1979), Platts

(1980).

An Example

Land units which are relatively homogeneous in biological and‘physical
characteristics at any level of generalization are ecosystems. The degree
of homogeneity decreases with increasing levels of generalization. A
small pond often is homogeneous with respect to all of the components,
whereas the humid tropics are homogeneous only for certain climatic
characteristics. However, the other components of the humid tropical
ecosystem still have a2 lot in common, and collectively, they are different

from those of other kinds of broad-scale ecosystems.

In the United States, no single, generally accepted hierarchy of

ecosystem units can be identified, nor is there a generally accepted
terminology. One system, developed by Bailey (1976, 1978) from concepts
advanced by Crowley (1967) and Wertz and Arnold (1972), is presented in
table 2. This nine-level system is based on climate and vegetation at the
upper levels with ;oil, landform, and potential natural vegetation at the

lower levels. This kind of ecological partitioning follows existing

103




national and regional schemes; whereas the basic concepts and principles of

the approach were based on international experiences. These include work

in Australia (Christian and Stewart 1968), England (Brink et al. 1965),

Russia (Isachenko 1973), and Canada (Wiken and Ironside 1977).

While the definitions offered in table 2 are provisional and have not

been accepted nationally, they illustrate the principles of the approach.

Definitions of the lower levels (i.e., levels 6-9) in particular are most .

variable from one region to the next.

Table 2.--Levels of generalization in a hierarchy of ecosystems.

Levels of generalization and

common scales of mapping

Current definitions

1. Domain

1:3,000,000 and smaller
2. Division

1:1,000,000 to 1:3,000,000

3. Province

1:500,000 to 1:1,000,000

k. Section

1:250,000 to 1:500,000

Subcontinental areas of broad climatic
similarity identified by zonal heat

and water balance criteria.

A part of a domain identified by
macroclimetic criteria generally at the
level of phe basic climatic types of
K;ppen (Trewartha 1943).

A part of a division identified by
bioclimatic and soll criteria at the
level of soil orders and classes of
vegetation formations. Highland regions
(e.g. mountain systems) with complex
climate-vegetation zonation are
distinguished at this level.

A part of a province identified by a
single climatic vegetation climax at
the level of Kuchler's (196L) potential

vegetation types.

\
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Table 2.--Continued

Levels of generalization and

common scales of mapping

Current definitions

5. District )
1:125,000 to 1:250,000

6. Landtype association

1:20,000 to 1:125,000

T. Landtype
1:10,000 to 1:20,000

8. Landtype phase
1:2,500 to 1:10,000

9. Site
1:2,500 and greater

A part of a section identified by
Hammond's (196k4) land-surface form
types.

A part of a district determined by
isolating areas whose form expreéses a
climatic-geomorphic process (e.g.
fluvial, glacial, etc.).

A part of a landtype association having
a fairly uniform combination of soils
(e.g. soil series) anl chronosequence
of vegetation at the level of
Daubenmire's (1968) habitat types.

A part of a landtype based on
varigtions of soil and landform
properties such as soil drainage and
slope that affect the productivity of
the habitat type.

A part of a landtype phase that is
homogeneous in respect to all
components, their appearance, potential
to produce biomass, limitations to use
and response to management. It is the
basic geographic cell of the ecological

classification.
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Applications and Refinements

The preceding ekample, assigning prime importance at different scale
levels to different components, is not completely tested. Adjustments in
the number of levels and the criteria for division of the levels will have .
" to be made. This process, however, appears to be copceptually sound, and
should form é basis for grouping the individual components into land units
and those units into regional units that will provide a locator for any
ecosystem in the United States. Because it is based on an approach used
throughout the world, it will prévide a means for relating ecosyétems of

the United States to those of other nations.
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FAO'S EX?ERIENCE IN LAND CLASSIFICATION FOR FORESTRY
WITH PARTICULAR REFERENCE TO DEVELOPING COUNTRIES

L. Botero (ed. FAD)

Forestry Department
Food and Agriculture Organization of the United Nations, Rome, Italy.

Summary

FAO's experience in land classification for forestry is from world level to
project level. Although land classifications have been made specifically for
forestry, many current land classifications have forestry as one of several
altefnative land uses evaluated. Land classification projects for forestry
"have been designed énd carried out in response to locally defined needs and
consequently have great'diversity. Standardized land evaluation principles
and methods have not been widely used. A need for a 'guideline" for 1anﬁ'
classification for forestry is recognized.

This paper reviews examples of FAO's recent experience in land classification
for fofestry in developing countries. It is written to show the status of

this work in FAO as a basis for charting future work in land classification.

Introduction

:
Historically, forest land has been treated as a stock of land which may be
drawn on to convert to agricultural land or other use as that use becomes

economic,‘the timber cover being treated as a free good which may be util-
ized or not according to whether it was marginally economic to do so. This
history has been repeated in many countries until a point was reached when
the future supply of wood was perce%ved as no longer secure and that wood

was therefore not a free good anymore and that uncontrolled destruction of

forest cover could have serious environmental effects particularly in
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relation to soil and water conservation. The position that forest is
recognised as contributing important social and economic benefits and must
be managed jointly with other forms of land use to optimise the return to
the community as a whole has been reached in most countries of the devel-
oped world. Though a position of insecurity of future wood supply and (\
environmental harm from forest destruction has been reached in many devel-
.oping countries, clear perception of the situation by the body politic sup-
ported by introduction of appropriate control systems has been achieved in
relatively few.
Necessary to the-achievement of the optimum contribution of land resources
to the social and economic benefit of the community is that each-individual
area should be utilised in such a way that it makes maximum contribution in
relation to the situation of the community. Planning implies the identifi-
cation of possibilities (feasible uses — crops); assessment of the cost of
effort and materials in their production and the value of the products;
selection from the collection of production possibilities, the set thaf
fulfills to the greatest extent the wants of the community and then mapping
the course to achieve that combination of production. Land evaluation con-
stitutes a major information requirement for ascertaining the production
possibilities - the feasible crops and their potential production. The
other broad areas of information are the supply of labour and materials and
the community's demand for the potential outputs of thé various possible
crops. In addition, the externalities have to be taken into consideratiom,
These include the effects on others than immediate producers and consumers
- such as soil erosion and consequent siltation, water conservation, pollu--
tion, shelter, harbouring pests and diseases — associated with particular
production possibilities.
Land classification means many thiﬁgs. In the strictest sense it is the
organization of land units.to satisfy specified needs. As used in this paper,
it is a means to gather natural resource information for land use decision
making in which land units having significance to a particular kind of land
use are identified, analysed and interpreted. Land classification is similar
to land evaluation (FAO 1976b) with perhaps greater emphasis on land as the
expression of an integration of natural resources and land units as whole,
definable entities:.The focus on units of land removes studies dealing with

‘specific sites or individual resources although site studies are used as a
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guide for interpretation of land units and individual resources can serve

as criterion for land unit identification.

Land classification can be used in forestry, first to provide information
specifically for forestry, i.e. for forest stand establishment or manipula-
tion to provide maximum economic and social benefits, secondly to support
planning in the several fields allied with forest management such as water-
shed management, pasture and grazing, recreation and wildlife management
and, third to support forestry as one element in land use planning where
agriculture is frequently the major land use. With tﬁe demand for careful
planning of natural resources and land use in economic development, item
three is probably FAO's major activity requiring land classification for
forestry. - '

Nearly any kind of land classification in an area of forest or potential
forest has implications to land classification for forestry. The following
is a review of examples of FAO activities in this field going ffom the gen-

eral to the specific.

World classification of forest lands

\

This type of survey of the world's forest resources is a land classification
in the sense that it identifies units of land on the basis of major forest
types. The information produced, however, has been specifically for forestry.
FAO's involvement in such surveys reaéhes back to the 1948 Forest Resources
of the World report. More recently (Pringle, 1978) a summary location of the
tropical forests of the world was made as a guide to improving utilisation of
these forests. A summary of the world's forest resources shows that about 30%
of the world's land surface or 4,000 million hectares is under forests; Half
of this is in developing countries, of which 1,300 million hectares is closed
forest. The remainder in developing countries is other wooded land, open
woodland and various types of scrubland, wooded savannas and the like. It is
estimated that some 1,000 million ha or 807 of the area of closed tropical
forest is virtually undisturbed. The current rate of intervention leading to
conversion from closed forest or the destruction of closed forest.is estimat-
ed to be of the order of 7 million hectares pér annum while the tree cover on
an additional 3 million hectares of other wooded land .is destroyed each year.

The extent of disturbance through grazing and burning in the area of other
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wooded land is very much greater than the area actually destroyed each year.
The total area of forest plantations in tropical countries is of the order
of 10 million ha. This brief summary illustrates the central role of for-
estry in all development activities in tropical countries and reinforces
King's (1978) call for "Inventorying the forests of the world as rapidly as
possible, uéing the most modern techniques and the technologies that are
available". ~

The Soil Map of the World (FAO-Unesco, 1975) can be cited as a kind of land
classification involving forestry. The voiumes in this series give a brief
but excellent overview of the natural vegetation regions on a continental

level. The soil unit descriptions treat forestry as one of the land uses.

The Agro-ecological Zones Project (FAO, 1978) makes an indirect contribution
to forestry by documenting alternative land uses in forested lands.

FAO is presently engaged, with the financial assistance of UNEP (Global En-
vironment Monitoring System), in a reassessment of the world's tropical for-
est resource which should be completed by the beginning of 1981. The first
results for Latin America confirm those given above especially as far as de-

struction of closed forests is concerned.

National level land classification

At national and regional levels most FAO land classifications for forestry
are made using aerial photographs and/or satellite imagery. Broad vegetation
and land use types and physiographic classes have been used to separate tﬁe
productive forest lands from those areas which are unproductive or non-
forested for a variety of reasons: topography, edaphic conditions, nonwoody
vegetation types or nonproductive woody types, e.g. stunted tree vegetation
above timber line. Sometimes this classification is superimposed on an econ-
ological classification such as an FAO reconnaissance inventory in Panama
where the Holdridge life zone system was used to make the first stage of
stratification (FAO, 1972). Another example is the FAO/UNEP forest cover
monitoring project in Togo, Benin and Cameroon where a broad '"ecofloristic"
classification was made as a framework for subsequent woody vegetation clas-
sification (FAO/UNEP, 1980). The extensive use of side looking airborne radar

imagery for national and regional forest surveys in Latin America has given
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event more emphasis to physiographic classification of forested lands
(PRORADAM project in Colombia, RADAMBRASIL project (FAO, 1975c¢c). The forest
maps at national and regional levels also separate classes within the pro-
ductive forest types when the types can be easily identified on the map base.
Types are separated on the basis of the dominant species in the case of tem—
perate or subtropical forests and, in the tropics, the coniferous stands,

the pure stands of some gregarious species (such as some Caesalpiniaceae in

West and Central Africa) and the mixed broadleaved forests are separated.

As part of National Forest Inventories, detailed data on land and forest is
collected on the basis of statistical sampling spread over the whole country.

Among others, the following are some important items generally included:

Site: topography, slope, aspect, terrain soil (depth,
texture, and structure of upper soil horizon), etc.;

Stand: vegetation, forest type, age/size class, growing
stock; and

Management data: accessibility data, cutting priority, thinning needs,

etc.

As National Forest Invéntories aim to provide data on a continuous basis for
forestry and land use planning and control, effort is generally made to have
an extended data-base keeping in view not only the needs of the forestry sec-
tor planning but also making strategic decisions concerning alternative land
uses. These have been the basic ideas in the formulation of recent FAO

National Forest Inventory projects in the Philippines, Burma and Indonesia.

Intermediate level land classification

More refined classifications are generally designed and used at the inter-

mediate levels, for example, for preinvestment forest surveys (Lanly, 1976,
Singh, 1978). These classifications, using height and density of canopy as

the main criteria, are applied first to the forest stands within each broad
forest vegetation type as defined in the first level of classification. The
classes, called "forest condition classes', are delineated on maps through

interpretation of aerial photographs and are used as strata in the field

sampling design (FAO, 1973). Although not necessarily closely correlated to
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nonforest characteristics, they may serve also as a useful stratification

for site evaluation. More precise site and stand data is collected on a
sampling basis including among other the soil, slope measurement, identifi-
cation and measurement of the tree, undergrowth and herbaceous layers. These
are the types of forest surveys which have been carried out by the developing
countries in the last twenty years, often with the collaboration of UNDP/FAO
and bilateral agencies, e.g. CIDA, USAID, French aid, 0.D.A. FAO has assisted
in such surveys in northwestern Ecuador, Venezuela, Guyana, Surinam,
Guatemala, Honduras, Dominican Republic, Congo, Gabon, Nigeria, Sri Lanka and
Sarawak. Preinvestment forest surveys carried out in connection with pulpmill
projects in mixed tropical forests are those which provide the most detailed
information since all trees even of small dimensions are enumerated and
measured (Cameroon, Gabon, Ivory Coast). In some cases a good coordination is
secured with 'soil surveyors who use the inventory lines for soil sampling. An

example of this is for the forest surveys in Bastar area, India.

~Land classification for forest management

Most detailed land and forest classification is carried out as part of forest
management or working plans. The total area of intensively managed forests in
the tropics, however, is very smail and limited to few countries such as
India, Burma, Indonesia (more particularly Java). For management plans, map-
ping is done on a stand basis identifying type, age, density and site classes.
Growing stock data is collected either on the basis of intensive sampling or
complete enumerations.

For the mixed tropical forests, which constitute the major forest formation
of the tropics, mapping has been limited to broad types, stand height and
density classes. For such formations no suitable technique for site assess-
ment is known, though it is one of the most important prerequisites for

scientific forest management.

Land classification for integrated development

Most forest land classifications began in the last thirty years, essentially
for wood production purposes. More comprehensive approaches have been adapted

only recently. Some countries, e.g. Ivory Coast, Peru and Brazil, have made
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natural resource reconnaissance surveys of forested lands for land use
planning. FAO has suggested guidelines to the Government of Paraguay (FAO,
1977a) to assist with forest land classification.

FAO has been involved in land classifications for multiple land uses under
‘the heading of rural development or integrated development. In Marocco (FAO
1965) such a project covered soil erosion control, forest production and
reforestation, irrigation, and agricultural production. In In@onesia, the
Solo project (FAO, 1976a) used a land classification approach to gather data
for a broad spectrum development project on the island of Java. The classi-
fication resulted in land capability estimates for erosion control and sev-
erai different agricultural crops as well as forestry. The Integrated Water-
shed Project in Nepal (FAO, 1974a) classified the lands using input from
foresters, soil scientists, extension specialists, cadastral surveyors and
watershed specialists in preparation for a plan for the development of the
Phewa Tal watérshed. l

The UNDP/FAO/Malaysia forest development broject carried out, in cooperation
with.the various agencies, a land classification for forest land use and
management plans in the Kuantan district (State of Pahang) to determine the
areas to be finally assigned to permanent agriculture, to hydroelectric pro-
jects (after clearing of the forests) and to recreation forestry, protection
forestry and production forestry (FAO, 1977c).

The FAO Remote Sensing Centre is also active in classifying lands for broad
land use decision making, using satellite imagery as the principal mapping
component. Forestry, though not usually the central interpretation, is a

land use which benefits from these land classifications and the fund of natu-

ral resource information they generate. The approach is based on earlier work

related to fhe‘application of airborne remote sensing to the hierarchical
classification of land units, as reviewed and updated in the context of ex-—
perience with Landsat imagery (Mitchell & Howard, 1978a). Recent examples of
this classification, based on vegetation and land forms, includes Nepal
(Pacheco, 1977), Gambia (Sampa-Cessay, 1979), Paraguay (Travaglia, 1980) and
China (Howard, 1980). In addition, the concept has been extended.using
Landsat imagery to the mapping of soil degradation at a scale of 1:5,000,000
in Western Africa and Sierra Leone and Jordan at 1:1,000,000 (Mitchell &
Howard, 1978b). '
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The concept of hierarchical classification used in these studies is to
divide a country, for purposes of planning inventory and management, into
smaller and smaller relatively homogeneous units, which are based primarily
on criteria of lgnd forms and vegetal structure (Howard, 1980). Within a
climatic zone (i.e. agro—ecological zone), macro-units are best identified
and delineated in terms of their physical geography (land provincesj and
their geomorphology‘(e.g. land systems) and then further subdivided, when
required, into land catena and land facets, using geomorphic characteris-

s

tics and vegetal structure based on height and cover.

Land classification for wildlands

A balanced development and maintenance of the human enviromment requires
that some areas be retained in their wild state. Particular attention has
been given to establishment of protected areas, such as national parks and
areas for wildlife management. An ecosystem approach which considers the
multiplicity of enviromment factors in total must be used.

In a Latin American example (FAO, 1974b) FAO has developed methodologies
swhich form a basis for the rational planning and management of wildlands.
These have been further elaborated by other workers and applied in differ-
ent field situations. Basically the approach involves zonation intq various
categories of area designed to meet various primary conservation objectives.
'The compatibility of the different categories in terms of objectives‘is sum-
marized in Table 1, which presents a typical set of objectives and cate-

gories.

Land classification for watershed management

Watershed management touches on every aspect of land use making an assessment

of a wide range of land use suitabilities necessary. The objectives of water-

shed management must usually be achieved within the broader framework of in-

tegrated regional or river basin land use development. In this perspective

land evaluators have to provide fhe answer to such questions as:

- What is the erosion hazard (sheet, wind, gully, landslide and other
solifluxion processes, torrent phenomena, etc.)?

- What are the physical constraints for reclamation?
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Table 1.

natural resources to achieve primary conservation objectives

Alternative categories of areas for the management and development of

Alternative Management Categories

Group I Group II Group III
Categories of Categories Categories used by
special of general international
concern concern pr_Oﬁ'rammes
o
o W £ e, ~
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Primary conservation objectives
Maintain sample ecosystems in
natural state 11 1 1 2 3 1 1 1
Maintain ecological diversity
and environmental regulation 3 |1 1 2 2 2 1 -2 1 1
Conserve genetic resources 1 I 1 1 2 3 1 3 1 1
Provide education, research
& environmental monitoring 1 2 1 1 2 3 2 2 1 1
Protect sites and objects of
cultural, historical, archeo-
logical heritage 1 3 1 3 1 3 2 1
Protect scenic beauty and
green areas ’ 3 1 | 2 2 1 3 2 1
Conserve watershed production |3 3 3 3 2 3 3 3 3 3
Control erosion, sediment and |3 |3 3 3 3 3 3 3 3 3
protect downstream investments
Produce protein and animal
products from wildlife, sport 2 3 3 3 1 3
hunting and fishing
Provide recreation and
tourism services 1 2 3 1 3 1 3 1
Produce timber and forage on )
sustained yield basis 3 2 3 1 3
Maintain open options; manage-
ment flexibility, muliiple use 3 1 3 1 2 3
Stimulate rational use of
merginal lands and rural )
development 2 |1 2 2 1 3 2 1 2 2

1. Primary objective for management of area and resources.

2. Not necessarily Primary, but always included as an important objective.

3. Included as an objective where resources and other management objectives permit.
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- What is the hydrological behaviour of the catchment area?
- What are the actual erosion phenomena and their causes and the amount
of soil loss and of sediment yield?
- What watershed values (soil, water, vegetation, wildlife) are being or
may\be affected and what downstream effects occur or may be expected?
FAO forestry watershed projects have used a number of land evaluation
methods. Many of these are described in Conservation Guides 1, 2 and 3 (FAO,
1977b, 1976c, 1976d) . The methods currently employed (Botero, 1970; FAO,
1974c) are either classifications based on the integration of physical para-
meters, landscape and land system classifications, classifications express-
ing the potential or constraints due to inherent natural factors, parametric
and quantitative classifications, classifications based on vegetation indi~
cators, classifications according to land use suitability, classifications
introducing other production factors in addition to physical factors and
classifications based on the economic variables. However, the methods which
have been most often used are the USSCS Land Capability classification and
Holdridge's Life Zone Ecology classification, though the limitations of
these methods in providing the planner with the above mentioned interpre-
tations are well recognized, particularly in the context of mountain areas
with high population pressure. FAO experts T.C. Sheng and T. Michaelsen
(1977) have proposed a pragmatic approach to land classification for hilly
areas based essentially on two parameters: slope gradient and soil depth.
The Working Party on the Management of Mountain Watersheds has also devoted
some attention to this question. In this regard, recent contributions to thé
Eleventh Session of the EFC Working Party on Management of Mountain Water-
sheds (FAO, 1975b, FAO, 1978) have been ob;ained. The Interlaken Symposium
also considered this topic (FAO, 1975a).
FAO field projects’ in watershed management require three basic levels of
surveys:
- national/regional level: cartography at scales 1:100,000 to 1:500,000
for reconnaissance surveys and framework plans;
- river basin or major watershed level: cartography at scales of
1:200,000 - 1:100,000, for feasibility and pre-investment surveys;
- small watershed (100 to 5,000 ha) or village level, with scales of
1:5,000 to 1:20,000, for detailéd planning for implementation,

119




We mention some examples of recent work of FAO field projects covering
these three levels, to illustrate the problems, the needs and the methods

being used.

National and regional land classification for watershed management

At the national level, the Integrated Watershed Management Project in Nepal
(NEP/74/020) has conducted a reconnaissance inventory of the ﬁajor ecologi~
cal 1and uhits of the entire country (Nelson et al., 1980). The inventory
was made during a two—year period on a land system basis. Its purpose was to
identify méjor problem areas of erosion, landslides and torrents in upper
catchments, as a first step planning tool to help the Department of Soil and
Water Conservation in setting priorities and selecting catchments for demon-
stration work, and for more detailed surveys. The inventory was based on
1:500,000 Landsat imagery (band 7, near infrared) supplemented with small
scale aerial photography (available for 607 of the country) and limited Sky-
lab imagery. Aerial and ground transects were made to gather more detailed -
information. The following are the basic planning tools produce&vby the in-
ventory: ‘ v

- a 1:500,000 map and a description of the major ecological units of
Nepal classified in 4 categories: Zones, Regions, Land systems and
Land types; B ‘

- major types of land use: agriculture, forests and other;

- watershed conditions: expressed through five classes according to an
index relating current soil erosion in comparison with "well managed"
conditions;

- vegetation t§pe§, administrative location, elevation and relief; cli-
mate, ecology, soil, population density;

- landslide hazard, soil erosion hazard and terrace sultablllty

In Tunisia, the prOJect of assistance to the development of Forestry Actlon

conducted regional erosion surveys covering most of the country (27,000 km )

at a scale of 1:200,000 (Diamache, 1978). Seventeen erosion regions were
distinguished through interpretation of aerial photographs with scales of

1:20,000, 1:25,000 and 1:40,000. On the basis of sedimentation measurements

made in several reservoirs, the rates of erosion could be estimated for the

four main river basins in the country. The purpose of this survey was to
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establish priorities for watershed management projects, prepare framework
surveys for the major river basins and indicate areas where more detailed

erosion surveys would be desirable.

Surveys at the river basin or major watershed level

An example of a river basin land classification is provi&ed by the Mae Sa
Integrated Watershed Project in Thailand. One of the main problems in
Northern Thailand is human pressure (both of Thai and hill tribe population)
of the forest reserves which are vital for the protection of the water re-
sources. Swidden cultivation and expanding agricultural encroachments led
the Royal Forestry Department to develop with FAO/UNDP cooperation the Mae
Sa Integrated Watershed Management and Forest Land Use Project in Chiang Mai
?rovince. One of the first steps of the project was to make a survey of the
forest lands that would serve as a basis for land allocation and land lease
to the villagers in the project area (41,128 ha) on the condition that soil
and water conservation be practiced. A land capability classification was
made at scale 1515,000, based on soil surveys (considering soil groups, soil
depth and soil limiting factors) and on a slope map (slope analysis on topo-
graphic maps: 1:15,000 and 20 m contour). The classification considered cul-
tivable land types (1 and 2), pasture land, land for tree crops, forest land
and reserved or protection forest. Superimposing the present land use map
and other relevant information, an integrated land use map was drafted
(Sheng, 1979).

In the Department of Itapia in Paraguay, a similar problem, deforestation
and improper land use by settlers, is the subject of a Forestry Development
Project. Since detailed aerial photography is not available, a survey is be-
ing completed by means of 8 transects totalling 32,825 km. Soillsampiing and
soil description from 80 sites have been made along the tranmsects. A land

use suitability map 1:20,000 will be prepared.

Detailed survey level

For small watersheds, the Phewa Tal watershed management project near
Pohkara, Nepal is an example. With the assistance of the FAO/UNDP project -

previously mentioned, surveys have been conducted on 23 small watersheds
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ranging from 200 to 1,500 ha. Firstly, a semi-detailed soil survey was
carried out (scale 1:32,000). A soil erodibility survey was also done con-
sidering quality and quantity of vegetation cover, soil, texture and per-
meability, degree of soil compaction, clay content, slope gradient, slope
lengths, runoff and observed data on erodibility. Water samples are being
collected from the main river and from sets of runoff plots located in three
different soil types. A correlation between the rainfall pattern, runoff and
suspended sediment was to be investigated to get am indication of soil move-
ment from the watershed area (Kraayenhagen, 1980). The physical information
collected in the watershed will be combined with detailed social-economic

information, including land ownership, to produce a development plan for the

watershed.

Land classification for afforestation
i

At the national or regional level, classification is usually done on a
climatic basis. An example of FAO involvement in such a classification is
the bioclimatic zoning of Brazil by Golfari et ql. (1978). In this work
mapping. of bioclimatic zones was supplemented by a list of species recom—

mended either for large scale planting or for testing in each of the zones.

At the other extreme is the case where macro-evaluation has already been
done and a policy decision taken to allocate for afforestation a certain
area which is available in-a suitable climatic zone. A good example is the.
FAO/UNDP project in Turkey (Gaddas, 1976; Cooling, 1977). In this case the
objective already defined was for the establishment of coniferous planta-
tions by mechanized techniques in certain forest localities. A system of
site evaluation or classification of planting suitability was developed to
assist the allocation of species to specific sites, to facilitate the pre-
diction of growth rates and to determine the type of reforestation appro-
priate to a given site. The classification was inspired by various.systems
of land suitability classification used for agricultural land. Emphasis was
givén to the potential productivity of the site on the basis of various fac-
tors, notably climatic conditions, soil texture, rockiness, land form and
slope, taking into accounﬁ the feasibility of mechanized operations and also

the hazard of erosion.
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Sites were classified into four classes suitable for planting: Pl, very
good land; P2, good land; P3 medium land; and P4, poor land. Land unsuited
for mechanized reforestation was designated NP, unplantable.

In the pilot plantation areas, which varied from a few hundred to over a
thousand hectares, oné pit was dug per 4 or 5 ha and profile descriptions
were supplemented by surface observations and auger borings between pits.
Vegetation was described at the same points. Soil laboratory analyses were
carried out and the field work led to the preparation of 1:10,000 maps of
(i) soil; (ii) vegetation; (iii) site (a combination of the vegetation and
soil maps; and (iv) plantation suitability.

Table 2 shows the planting suitability classes for mechanized coniferous
plantations in Turkey. The termsluéed were explained by a key "classifica-
tion of selected site factors", e.g. "slightly saline" is defined as 4-8
mmhos/cm.

In Nigeria a similar system was used for afforestation planning (Barrera,
1971), but the survey was of larger areas, of the semi-detailed type, and
mapping was at scales of 1:20,000 to 1:50,000. Five suitability classes
were used and were related to the five land capability classes defined for
agriculture in Nigeria. Climate was assumed to be fairly constant through-
out the Turkey project area because the individual areas were small and the
topography was gentle. For the bigger areas surveyed in Nigeria the authors

stressed the need to take account of climatic variation in addition to soil.

Both the surveys in Turkey and Nigeria were of a qualitative nature, i.e. no
attempt was made to define the various suitability classes in terms of either
volume or value yield. It is possible to describe the classes in quantitative
terms if there are already crops growing in the area. An example of this type
of work was that done on the Viphya Pléteau in Malawi (Adlard et al., 1974).
Here the main species used was Pinus patula and the survey combined a de-
tailed study of yield over 23,000 ha of existing plantations with soil
studies in both the planted and unplanted areas. This enables prediction of
yield from the yet unplanted areas to be made on the basis of proximity and
similarity in rainfall,” topography and soils to the planted areas of known
productivity. In areas where there are no plantations in existence, the
practice of plantiﬁg small—scale'feplitéted species and provenance trials in
order to evaluate site quality well in advance of large—scale'afforestation
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Table 2. Planting suitability classes for mechanized coniferous plantations

Class P P2 P3 P4 NP
Bite factor Very good land Good land Medium land "Poor land Unplantable land
Maximum acceptabie factor level, by classes Eliminating level
1. Land form rolling ] hilly hilly steeply dissected mountainous
2. Microtopography slightly rough slightly rough rough rough very rough
3. Gradient 20% 30% 40% 60% in north over 60% in north
50% .in south over 50% in south
4. Erosion hazard slight slight slight moderate high
5« Exposure slight "moderate moderate severe very severe
6. Stoniness slightly stony stony stony very stony on extremely stony
over 50% ground
7. Rockiness rock free fairly rocky rocky very rocky extremely rocky
8. Weter table absent or iat depth at depth at moderate depth | shallow permanently at or
near surface
9. Salinity non-saline non-seline slightly saline slightly saline saline or very saling
Acceptable range in factor level, by classes
10, Soil depth 91 cm + 61 cm + 3N em 4+ 16 cm + less than 15 cm
unless on fissile
: mat
P11 P1-2 P2~ pP2-2 parent material
11, Texture medium to  light to| medium to light to| very coarse to very coarse to very coarse ¥ to
heavy coarse very heavy coarse very heavy very heavy very gravelly
12, Drainage well drained imperfect to some~| excessive to excessive to very excessive or
what excessive poor poor very poor
13, pH . acid to slightly very acid to very acid to very acid to excessively acid or
alkaline alkaline alkaline very alkaline excessively alkaline

. * Usually only if _a,ssocia.ted. with other eliminating factors.
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has yielded valuable information in many countries. An approach along this

line was followed in a project in Tunisia (Institut de reboisement). The

site quality system was based on the two types of information:

i)

ii)

the use of natural vegetation as indicator of the soil types (soil-
plant relationship);

the relations of tree growth to soil types as determined from arboretum
(some 50 arboretum in the country established in various climatic
zones)., The combinatioﬁ of these two types of information tested first
under experimental conditions and then under small-scale afforestation
project proved very reliable and practical and the method is actually

used for all afforestation programmes.

It is important to realise that forest site evaluation should be a dynamic,

not a static, activity, Productivity is the resultant of. the interactiom of

site, genotype (species, provenance and individual)- and cultural treatment.

Therefore site quality or planting suitability classes could chahge if geno-

type or treatment is changed. In addition, the inherent quality of the site

itself may change as the result of afforestation, especially the use of fast

growing monocultures on tropical soils. This requires special studies such

as those of Lundgren (1978) and Chijioke (1980), the latter being conducted

as an FAO André Mayer Fellowship.

Conclusions

1.

- This review has dealt in particular with land classification at

various levels, based éssentially on climatic, edaphic vegetational and
topographic characteristics. However, in practice land classification
is user oriented: it has to fulfill certain needs, either of the local
community or of. the commercial sector and it has to provide goods and
services to the regional and national economies. Therefore, economic
and social criteria should interact in land evaluation with the physi-
cal characteristics in order to decide among alternative uses. FAO's
Forestry Department has also carried out work which is relevant to
multi-purpose planning of forest lands which has not been reviewed

here, but would also be relevant.

Classification of the suitability of land for various purposes is an

essential paft of many FAQ field projects, for example land resource
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surveys and brojects for agricultural de&elopment, irrigation, soil
conservation and land use planning. Commonly in the course of such pro-
jects the suitability of land for forestry must be assessed because it
is unsuitable for agriculture‘or because forest products are required
(e.g. village woodlots) or because government environmental policy dic-
tates that certain areas should be in forest land. In such circumstances
the land evaluators have generally used the same sort of system as for
agriculture, that is same form of site-factor evaluation in relation to
the supposed requirements for forestry. This is fairly satisfactory on

a small scale, for example for land resource inventory of a whole coun-
try or region for macro-plamning (recent examples from Indonesia, Sierra
Leone, Sudan can be cited). It is less satisfactory at watershed or pro-
ject level and still less at the village or small watershed.level. The
special features of land suitability assessment for forestry (such as
the loﬁg time scale and the need to take account of other benefits than
purely local economic ones) are not considered adequately unless special

attention is directed to them.

The experience is broad and diverse. In fact, FAO has much experience
in land classification in a wide range of environments and at all levels
of intensity. Each application is a response to a specific need and

therefore differs in many aspects from every other land classification.

‘Although this independent épproachbhas much to offer in meeting the

specific project and country requirements, it has the shortcomings of
inefficiency as each land classification ié reinvented, and of impeded
communication among land classifiers. Development agencies, e.g. World
Bank and the Regional Development Banks, must contend with a variety of
land classification and evaluation methods. Greater uniformity is there-—

fore needed in land classification for forestry.

Most land classifiqafions have been made for several land ﬁses. Forestry
is usualiy one element:in a wide range of land uses in view by the plan-
ner. Non-foresters are making land classifications for forestry and

fofesters are making them for agriculture. It is time.for greater empha-

sis on the .interdiscipline aspects of land classification.
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More spinoff is needed. The land classifications cited were made to
satisfy an information need for a specific project. With a few excep-
tions, the land classification methodology has not become a working
tool for the forester in the developing countries. An effort must be
made to communicate land classification methods to local beople in the

field.

The Framework for Land Evaluation (FAO, 1976b) has not been sufficient-
ly applied. This document has much to offer in overcoming the lack of
uniformity and communication problems mentioned previously. The expla-

nation for this oversight should be determined and remedied.

Planning takes place at many levels. At the macro level the concern is
to determine the broad composition of activities over regions and sub-
regions. The role of land evaluation is to determine the feasibility
regions for the main land using crops and to allow the broad assessment
of their productivity. It has also the role of identifying areas with
physical characteristics making conservation aspects of critical impor-
tance. At the micro lével it is to provide a basis for selecting the

particular allocation of land to specific crops. It is important to

recognise that the detailed study of relationship between land charac-
teristics and crop productivity necessary for the micro planning also
provides the productivity indicators that in a simplified form are used
in the macro assessment. A matter of major concern in land use planning
is that forest is considered as a crop of economic and social importance
rather than as an automatic source of land for other uses, that.the tim-
ber that the forest contains is recognised as an economic resource and
that the risks of externalities from uncontrolled destruction of forest

with their serious economic and social costs are fully recognised.

The next step

It is apparent that a guideline for land evaluation for forestry, for use in
developing countries, is needed. The guideline would be based on the princi-
ples of the Framework for Land Evaluation. 1t would help FAO and national
personnel to meet the rising need for base line information created by the

great increase in planning. A review of FAO experience in land
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classification for forestry shows that a guideline would have to satisfy

many needs. Some of these are:

1. A need for rapid,-inexpensivg‘data collection. Project formulation and
the pace of planning does not permit any alternative. The Sheng-
Michaelson method of focusing.on slope and soil depth is an example of
the level of simplicity and practicality required.

2. A need to be adaptable in developing countries. The concepts must be
readily understandable. Its operation must not exceed the equipment,
education level and experience available. These vary from country to
country. Computers, satellite data receiving stations and sophisticat-
ed remote sensing methods are used in some countries, but in other
countries aerial photographs and topographic maps may be unavailable.

3. It must be integ?ative. Integrative means that,'in the general land
classification approach, it must consider the effect of the interac-
tions of natural resources on a particular land use. Growing awareness
of environmental needs shows that individual natural resources, such as
soils or climate, can only be viewed in the context of a larger whole,

" the land itself. An interdiscipline team is usually necessary to gather
the scope of data needed.
It must be integrative from a land use perspective also. Forestry,
agriculture, grazing, mining, recreation and other uses are intermingled
in most developing countries. Development plans often consist of setting
priorities among the alternative uses. This means the basic natural
resource data collected and the land units identified in the land clas-
sification process must have meaning to a wide range of uses. It also
means that the guidelines must show non-foresters how to gather and
interpret data for forestry.
Féresters may have to do the same for agriculturé. This suggests, as
envisaged in the Framework for Land.Evaluation, that a single classi-
fication or inventory interpreted for. many uses is needed.
The guideline must lead to land classifications that are integrative
vertically also. General high-level classifications'with large land
units must provide a structure for asseésing information needs and
extrapolating information gathered at lower levels. There should be
an or&erly hierarchy 'of land units so that a continuing information

gathering programme can be planned and systematically carried out.
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A guideline for land classification that would meet these needs would be
widely adopted, and thus, as a secondary benefit, reduce the problems
resulting from the great diversity in today's methods.

Information systems, such as land classifications, have been evolving for
thirty-five years in FAO. There is much experience with data collection
methods and knowledge of the environments in which they must be used. What
works and what does not work is known. This experience and knowledge must
be used to make a practical field guide for land classification. This

should be the next step.,
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SITE CLASSIFICATION SYSTEMS USED IN FORESTRY
Walter Kilian

Federal Forest Research Station Vienna, Austria

Institute for Forest Site

Summary

The paper deals exclusively with ecological concepts of forest land classi-

fication.

Although site classification systems must be tuned to practical purposes,

they should comprehend independent scientific descriptions of the ecosystem
complex, both the énvironmental factoré andvtheAinterrelaﬁed forest phytoce-

-nosis,.not least to make them suitable also for furture applications, not

yet known when the survey is running.

Site evaluations are a next step, based on site classification, but not a

part of it.

A great number of methods havé'been developed according to the envirommental
conditions, scopes and the historical background in the different countries.
Generally they can be divided into phytosociological, physiographic and
combined systems. There is also to distinguish between regional and local
classifications. Both shoﬁld be part of a hierarchic system in a survey

project, but must be based on different principles.

By means of a few examples the main methods are described and the 'state of

work done in different countries is dealt with.
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Introduction

Land evaluation classifies land suitability with regard to different kinds
of land use and comprehends environmental, technical, economical, and social

aspects.

Forest site classification concerns only the ecological part of that concept.
It provides information on the environmental resources, tuned to the partic-
ularities of wooded land, both as a baéié scientific infofmatioﬁ, and for
practical purposes[ comprising prediction of yield, of responses on hazards
and measures and proposals for management. The objective of forest site sur-
veys however should not be a mere evaluation and prédicﬁion of land pro-
ductivity in terms of increment, classes of équal measures etc., but the
description of the ecological facts, the differentiation of the various
ecosystems in the landscape, at least as a first step for more integrated

concepts.

Forest ecosystems are compiex geographic units as a result of interrelations
between climate, relief, parent material, time and organisms (ANNAS et al.
1979). Therefore the biotic community and its physiographic factors must be
studied together. Forestry has been aware of this complex nature since its
earliest attempts at site classification (KRAUSS 1936). This'in contrast 'to
agricultural areas, where the interdependence between crop and the environ-
ment is weaker, and monodisciplinary approaches, such as soil classification,
may be adequate. Besides, also in agriculture the complexity of site has

recently been taken into consideration (DUDAL 1979).

As a consequence of these different view-points,. site classification in
agriculture and forestry in many countries has developed separately and today
there exist great difficulties for a éynthesis or even for a comparison of

units only. -

The long term goal should be a universal system for classifying the environ-
ment -independent from the actual vegetation cover and land use, just for
deciding these alternatives. It should satisfy as far as possible all the

multiple needs of land use planners and managers.

A great numbexr of forest site classification systems have been developed,

depending on scale and purpose, the applicants aﬁd the landscape concerned,
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but partly ‘also on the intellectual environment in each country. For wide,
little explored and partly inaccessible areas of uniform landscapes (like
Canada) another system will be appropriate than for intensively managed and
investigated, heavily structured areas with largely altered forest vegetation

(Like central Europe).

Because of all these aspects it will be impossible to develop and to recommend
one optimal, universal method usable for all purposes, for research work as

well as for productivity estimation, both of global and local validity.

The intricate diversity of methods shows after closer study many kindred
features, so that they fall into a few main categories. Moreover the develop-

ment of most of the systems seems to converge into one direction.

Some aspects for discussing site classification systems

1.) As mentioned above two principal ideas of site classification are to be
distinguished:

The basic delineation of ecological units and the evaluation related to forest
management. Thus the definition of site units may range from "areas'with
physiographic qualities of similar ecological effect" to "localities of similar
productivity and silvicultural possibilities and hazards". In any case pure
units of appraisal cannot indicate the ecological condftions; an ecological
division must precede any evaluation as a first step. In general the following
sequence should be adhered:

. Exploratioh of site conditions

. Classification

. Mapping

. Evaluation of units

At least steps 1 to 3 should be carried out in one continuous drive and by

one and the same institution.

-2.) Concerning the prededure there are various possibilities:
a) Landinventory by differentiation and survey of areal units in the field;
b) Classification by statistical sampling procedures, with or without using

mathematical models; no delineation of areas;

136




c) Mapping from aerial photographs based on indicator criteria, developed by

methods mentioned under b).

3.) Contrary to clearly differentiated plant species or chemical compounds
the sequence of sites in the landscape forms a continuum of all kinds of
transitions. On this fact, as is known, two tendencies developed, the one
regarding the biocenosis as an accidental combination of single factors, the
other as a "superorganism", an indivisible .unit, derived from interaction of
the factors. The latter idea culminated in the twenties and thirties in

Europe,with BRAUN BLANQUET (1928) as a typical representative.

Today this difference has lost its importance - the truth lies somewhere
betweep the two extreme conclusions - but there are still a few facts to
be considered: 4

Ecosystems are indistinctly differentiated in nature, they cover an unpre-

cise band width. Their delimitation is, therefore,‘more or less arbitrary and

depending on purpose and the factor emphasized. There must be made abstractions,

perhaps discontinuities searched for (by mathematical methods), which can be
used for differentiation. For the characterization of units the definition of
their boundaries is more efficient than the description»of the very type.

. A complete hierarchic, taxonomic system, such as Braun Blanquet attempted,
will not be effective. Also a rigid framework of several graded factors
cannot reflect sufficiently the character of the entire site and would, be-
sides that, lead to an impracticable number of units. The basic site units
must be described as "local forms" on the basis of a local division, which
are valid only within individual geographical regions. In addition to that,
they éan be grouped into a loose framework of a few simple criteria (e.g.

levels of water and nutrient supply). to allow superregional comparsions.

4.) The units on the one hand should be defined very narrowly by using as
many criteria as possible, among others to make the classification adaptable
also for later applications, not yet known or intended when the survey is
running. On the other hand we must limit ourselves to a reasonable number of

easily detectable features to facilitate the survey work.

Furthermore there are two principal ways: to classify and map the single
factors separately and to compose the site units only afterwards, or to

survey the entire site already in one process in the field. The second
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method should be prefered.

5.) Time factor: Ecosystems are dynamic systems. Forest communities often
are temporary successional stages, developing to a stable final (Climax)

community. They may be altered by human impact or natural disasters.

Thus for classification we must distinguish between:
a) stable, independent site properties
b) fluctuating features (humus, surface soil), with which the temporary,

actual site condition can deviate from the potential site quality.

6.) Regional and local classifications must be based on different principles.
Regional units may be delineated by factofs, decisive for large areas such as
climate or landmorphology and can be mapped in scales up to 1:1 - 1:10 Mio.
They comprehend each a pattern of rather different individual site units.

For delineation of the latter mapping scales from about 1:5000 to 1:20000

are adequate.

A satisfying classification system therefore has to encompass at least two

levels.

7.) The classification of forest ecosystem is pfincipally possible by the
following means .

a) species and communities as indicator of site properties;

b) description of physiographic sité factors, such as climate, parent material,
relief, soil properties, moiéture regime;

c) both vegetation and physiographic features.

Correspondingly all the different methods can be.divided into:

phytocenologic, physiographic and integrated site classification systems.

It is not possible to present a more complete review of all the programé and
systems in the limited space available in this paper. Only an outline of the
main systems practiced today, with illustrations by way of examples, can be

given.

Comprehensive reviews were given by KOPP-SCHWANECKE (1972) for Europe,
BURGER (1972) for Canada, CARMEAN (1975) for the USA and partly Canada, more
worldwide ones by DYRENKOW-TSCHERTOW (1975), and CIRIC et al. (1976).




Local Differentiations

Phytocenologic Classifications

Vegetation is a very sensitive and quickly reacting site indicator. Yet
phytocenological systems interpret the ecological site conditions indirectly.
They also give no information on the concrete influence of the single site
factors (convertibility of factors), and as to whether the community is a
naturally stable or a degraded secondary one. Furthermore the indicator value

of species may change with the region.

Pure floristic systems give satisfactory results in areas with native or only
slightly altered forest vegetation. Within combined methods, however, vege-
tation is a very adequate means to indicate the fluctuating site conditions.
Some main types of vegetaﬁion—oriented systems are to be distinguished:

1.) The simplest approach is that based sn the dominant tree species, asA
early practiced in USA for delineation of "Forest Cover Types" or "Major
Forest Types". It records only the stand, temporary stages or planted forests

and has no ecological message.

2.) Cajander’s ground vegetation types, based on dominant plant species, one

of the oldest systems, are still used in Scandinavia; In such regions with '
very uniform climate, parent material and land surface, these types may

indicate quite well the remaining'site variability. But even in Finland

recently a more detailed classification, using aiso soil properties, and

rating potential productivity has become necessary.

3.) Integrate record of trees and ground vegetation. Here the evidence is
much stronger already, especially when characteristic species are used in the

sense of Braun-Blanquet.

In this system mappings in a scale 1:50000 were carried out to a wide extent
in Japan (USUI, H. 1975). To overcome the shortcdming of undifferentiated
inventory of perishable states the maps will be revised in short periods

(4 years!).

Rather similar to the ideas of Braun Blanquet, but without his stringent
hierarchic taxonomy and introducing also the concept of successions is the
"habitat type Classification" (PFISTER 1975),which orginates in the classi-
fication of potential vegetation by DAUBENMIRE (1952). This is doubtless one
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of the highest developed phytocenologic syétems and is used to a large extent
in western USA by DEITSCHMAN (1973), LAYSER (1974) and also with modifica-
tions by many others, but first of all by PFISTER et él. (1977) in Montana.
The central unit, the "habitat type", is defined as "those parts of the land-
scape capable of supporting a given plant association in the absence of dis-

turbance" (DAUBENMIRE 1968) ",

The problem of distinguishing between site factors and perishing successional
vegetation is overcome by using potential vegetation, whereby the climax con-
cept is somewhat mitigated. .

The system uses three classification levels: Series, expressed by dominant
climax tree species. Habitat types (climax- associations)[ expfessed by climax
tree species and ground vegétation indicator species (e.g. Pinus ponderosa- '
Festuca idahoensis - habitét—type).?hase, a subdivision according to minor site
differences and expressed by a differentiating species (e.g. P.ponderosa -

Fest. idahoensis h.t.-Festuca scabrella-phase).

Until 1976 areas have been mapped of about 4 million ha in scales between
1:50000 and 63360, and 400 OO0 ha in scales from 1: 7920 to 31000, as Pfister
indicated in a IUFRO inquiry. From 1976 work was also extended over grass- and

shrubland.

In whole Montana 7 ecoregions are divided into 5 - 15 altitudinal zonated
habitat\types to a total of 64 types for all Montana - a number that seems
rather small to us, but is perhaps a consequence of a homogeneous landscape.
‘Today a great humber of (guantitative) data concerning the relafionships bet-
ween the classified units, management factors, and site factors aré available
(PFISTER 1975). The standardized description of the units now comprises
occurrence, vegetation (successions, indicator species), soil, productivity,

management (species selection, wildlife, recreation) and "other studies".

With these data the system, however, leads over to a more ecological one, in-
cluding physiographic features, a trend that can be observed in most phyto-
cenological apporaches.

The phytocenologic methods used previously in Hungary and Bulgaria have been

replaced by combined methods at all.

4.) An approach which deviates somewhat is to use "ecological species groups",

as for example ZLATNIK (1960) does in CSSR. Plant species were related to le-
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vels of various ecological factors, such as nutrient supply, hydroleogy, or
temperature and then the sites were classified according to the abundance of

these species, in some cases. by use of mathematical methods (MINORE 1972).

Physiographic classifications

These methods consider only the énvironmental factors such as climate, re-
lief, parent rock, soil and moisture regime. They give direct information on
thelsite features which are usually not liable to alterations. Maps of perma-
nent features are certainly 6f higher value than those of perishable qualities
or resources, but the suitability for plant species cannot be comprehended
doubtless without survey of the végetation itself. Such approaches have been
successfully applied in regions with disturbed vegetation and ready availabili—

ty of detailed data of environment, such as in Eastern USA (COILE 1952).

Classifications of single factors today are used for certain limited purposes,

for example the Swedish Terrain Classification being discussed in' this meeting
(BERG 1980). It records slope, ground roughness and snow conditions and is
oriented to operational evaluations only. It cannot be called an ecological

site classification.

Soil classifications could be considered as monothematical too, but soil is a

result of climatic and physiographic factors, including time, and therefore
expresses a more comprehensive site guality. A soil map comprehends a great
deal of all the permanent (or relict!) site features, but, as mentioned above
cannot substitute completely a site classification. The principles of both
must be different; at least soil units cannot indicate regional climatical

differences and therefore they can only be applied within local growth areas.

More integrated physiographic systems were developed mainly in North America.

A typical physiographic concept is the perfectly elaborated classification of
SMALIEY (1979) for the Cumberland Plateau in USA. The differentiation of site
units is extremely oriented to landscape-morphology. This on the one hand
enables units to be plotted on a good topographic map or~aerial photographs
(or in the special case on the geological map 1:24000); 6n the other hand
this system assumes uniform soils and is only of local validity. Very attrac-
tive is the systematical display of this approach: The description of the

units includes soil fertility, economic problems (classified by progressive
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numbering), proposal for tree species selection and the site index for some
alternative tree species. Soils (from the soil survey) and indicator vege-

tation are described, but they are no basis for the classification.

A physiographic system also, based on climate, relief and soil, and giving
the site index of the main tree species, is used by the Weyerhaeuser Com-
pany. Until 1976 - according to a IUFRO inquiry - 5.5 mill. ha in a scale of
1:31560 were mapped. The projected final area are 9.5 mio. ha. The maps
have to be used obligatorily as a basis of forest managément.

On the whole, however, pure physiographic surveys are rather rare. The vege-.
tation is almost always included in the regional division and in the des-

criptional part in some way or other.

In the USA the soil survey of the Soil Conservation Service has been revised
intensively to establish "woodland suitability classes". These are, however,
used rather to ascertain the site index of the main tree species than for
areal surveys. The woodland suitability groups comprise sites with equal
management requirements, productivity potential, regeneration potential,
priority of tree specieé, erosion hazard, exposure to windfall,‘pests and
diseases, competition with weeds, accessibility and suitability for special

use (cit..CIRIC et al. 1976).

Combined'(biophysicgraphic) methods

Most wide spread are the approaches considering both the biotic and the en-
vironmental factors simultanousely.The basic units are created through the
synthesis of climatical, pedological and vegetational, in some cases also
productional criteria. Only this integrated procedure provides enough ele-
ments for the proper description and rating of forest sites. It cémplies
with the modern concept of ecosystem but is dating back already to KRAUSS
(1936) and in USSR to SUKATCHEW (1932). '

The vegetation can, as already mentioned, serve in two ways, namely for
delineation of regional potential forest communities and for indicating the
temporary site condition. The combined methods began to be employed in

Central Europe and Canada and are now being used almost all over the world.

Varieties of combined methods, concerning the procedure:

1.) The single parameters are surveyed separately, a synthesis to site units
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is made aftérwards. This way has been chosen in France, in Slovenia
(Yugoslavié) by CUK et al. (1968) and up to recently also in Nordrhein-
Westfalen (FRD). \

In France there is a set of 6 thematical maps available in scales between
1:4000 and 1:25000. The soil map is the most complex one among them. A
clever color system is used for showing up séme important, graded charac-
teristics (carbonate, acidity, moisture, organic matter). Recently a geo-
pedologic-botanical map has been introduced, which indicates the correla-
tion of soil, humus and vegetation and thus comes very near to the Central

European combined site units.

This way of composing may be of value, if the basic maps exist already and
if they are used as an auxiliary means for delineation of site units,
checked in the field. A schematic put together "on pasper" , without any
control in the terxrain, however, may result in units which cannot render

the actual ecological conditions'sufficiently.

2.) More abstract seem the methods of differentiating site units by use of
mathematical analysis of various site factors. The procedure is due to the
consideration, that a synoptic and more -qualitative survey of vegetation and
site in the field derives only from unproved '"guesstimations". To avoid
vicious circles therefore,first interrelations among site factors and with
the vegetation must be searched for.

So have MORRIS et al. (1979) separated patterns of units by factor analysis
and discriminant anaiysis from 58 (!) quantitative site variables. HAVEL
(1976) describes a survey of southwest Australia using combined units rather
similar to those of HILLS (1973) -see below- but these units were previously

delineated as continuum segments by principal component analysis.

3.) Bll the site factors are surveyed simultaneously in the field, the re-
sulting complex units being defined directly and synoptically.The. explora-
tion of the sites and definition of units can be carried out by a team of
specialists, but the mapping must be done by one and the same person, who of
course must be multidisciplinarily trained. This procedure is most widely

used.

Varieties of combined methods, concerning the factors regarded:

In the one case the soil may be stressed more, in the other the vegetation.
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This depends'on the geographical conditions and on the extent to which
the forest plént communities are native or altered by man. Some systems,
e.g. that of Baden-Wurttemberg (FRD) even uses investigations on forest
history as a third basis. It distinguishes primary, secondary, ";echnified"
and "tertiary" (=regraded) types.

Occasionally tree growth itself is used as a criterium for classification.

But this very deductive feature can hardly show up the basic site condi-

v

tions.
.

The methods vary also wether and to what extent an inflexib;e framwork

of standardized characteristics is given. This is extremely the case for
example with the "Ukrainian School™ (DYRENKOW 1975), where 6 levels of
moisture and 14 of fertility, degrees of'soil acidity and climate sequences
are combined to (theofetidal) forest types. In these compartments the vege-
tation types are pigeonholed, divided into natural or productive stands
(altered by man).

At the other extreme,local forms are differentiated as a whole and only for
superregional comparisons they are grouped into a loose system of one or

two graded factors (e.g. Austrian site survey).

The site can be regarded as static or as a stage of evalution. Also long-
term formations such as the developmeht of soil profiles during pleistocene
and holocene may be broughi into the differentiation of sites, as

KOWALKOWSKY (1980) did with catenas in the Polish lowlands.

Site conditions: Many physiographic and combined systems take ihto consi-

deration only the stable features énd the potential (climax) foreét plant
communities. In other approaches,however, particular stress is laid even on
the separate presentation of the permanent site unit and the temporary site
conditioﬁ,'as for instance in Austria (JELEM 1960). For management recomman-
dations,especially in strongly disturbed forest areas, this method seems very
useful. A periodical revisional survey could evaluate even the success of

management.

As an example for a combined classification system,that of the German Demo-

cratic Republic (KOPP 1969) with its several changes and additions might be !

Cited:

First, beginning in 1951, "Standortsformen” (habitat types) were separated as
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local units within growth areas according to the criteria mentioned above,

the emphasis of the factors being changed depending on the local conditions.
The favorite .way with rather natural stands was to determine the natural
forest plant cqmmunity.

In 1953 "site condition forms" were introduced additionally. The site unit
represents the invariable site factors and the potential productivity, the
"site condition forms" the fluctuating features (like humus) and the actual
productivity, which often deviates greatly. The latter is indicated by vege-
tation types in the sense of Cajander. From 1958, furthermore, the site units,
which had become too numerous, were assigned to groups.

Until 1961 the site unit was simultaneously the production unit, the unit

of similar managemént requirements. The single site factors were .not recorded
separately. With the 4th approximation, after 1961 these factors (soil form,
moisture, etc) themselves were delineated, partly based on quantitative (ana-
lytical) data. The total site unit now was represented on the map by a corres-
ponding combination of symbols. This way aimed at achieving the character of
an independent scientific basis. The main soil series could now be coordinated
with those of the agricultural survey just started at the time, and inter-
disciplinary mappings, also beyond forest areas thus became éossible. From our
point of view however this step meant also a setback into schematism.
Furthermore with this 4th approximation the ground vegetation types were de-
fined by "ecologic species groups" and divided into potential and actual ty-
pes. .

From 1969, as a 5th approximation, humus forms were mapped over large areas
and periodical revisions were introduced. Also on the group level actual and
potential "basic units" were now distinguished. The "basic groups" were di-
vided accqiding to 5 levels of nutrient supply, 16 levels of moisture regime
and according to the growth areas and districts. This resulted in about 90
groups for the lowlands only. ‘

As a last step'the assessment of site productivity was begun.

By 1969 2.24 million ha, that is 79% of the entire forest area of the German
Democratic Republic, were mapped at a scale of 1:10000. Consequently the re-
maining area was completed and about 1.4 million ha of previously mapped area
were revised in a second and even third operation according to the latest

state of the method.
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The system of the GDR in also used in Vietnam, in two degrees of intensity:

1:10000 for afforestations and 1:25000 in virgin forests.

The methods in Western Germany and Austria are basicly similar, since they
all orginate in the conception of KRAUSS like that in the GDR. Even classi-
fications used in Canada (see below) differ very little, as MULLER (1980)

has pointed out.

Regional differentiations

Land regions will be differentiated according to the regipnal climate and
major geomorphologcal formations. Because just climatic data are not suffi-
ciently available for whole areas and it is not even clear which parameter
is relevant, climate is usually expressed by vegetation (regional climax
forest plant communities). But it should be taken into consideration, that
vegetation units are not always adequate for the climatic - morphological
differentiation. Therefore also in this regional level a more combined way

should be employed (SCHLENKER 1975).

It may be stated, however, that the climate, indicated by regional communi-
ties on higher levels, and soil, landform and vegetation types on the lower

levels are most usable for classification systems.

- Only & few systems work out the regional differences uniformly on the one
level of local units; this would be meaningful only in regionally rather uni-
form countries. Otherwise the number of units would rise rapidly to an un-
surveyable extent.

Normally regional classifications are a separate step within a two (or mul-
tiple) leveled system. The regional units themselves can be divided up and/or
generalized in several hierarchic levels. Nearly all well developed site
classification systems today comprehend such a regional superstructure.
Superregional differentiations are often the only available and practicable
approach in little explored fegions, especially in the tropics.

In the USSR the development of a regional system is one of the main tasks of
forest site research. A completed division exists so far for Lithunia
(DYRENKOW 1975). Dyrenkow himself describes a method to delineate growth areas

by "conformation" of 10 separately mapped parameters on a mathematical basis
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of set theory (DYRENKOW 1974). His system comprises 4 levels, the lowest
2 . .
of which encompasses at least 3000 km , which gives an idea of the dimen-

sions in the USSR.

In Southwest Germany a multiple levelled regional classification is almost
completed (SCHLENKER 1973, KREUTZER 1977) and is being worked out uniformly
for the whole Federal Republic of Gérmany across all the different existing
local site surveys. Similar approaches - for itself or as the superstructure
over local surveys - are running or started, among others, in Bulgaria
(GARELKOW 1980), Hungary - with rather narrowly defined 50 regions
(SZODFRIDT 1978), Western Turkey (KANTARCI 1976), parts of Greece
(MAVROMATIS 1976) and Yugoslavia (CIRIC et al. 1976).

As a framework to transfer information over large distances, superregional
or even worldwide classifications have recently become of great interest.
Such attempts of course are rather difficult because of the various regional
systems existing already. For example in Montana alone there are.4 different
regional differentiations, as PFISTER (1976) demonstrated. BURGER's (1976)
conéept of "Ecosystem-Regions", which he developed in Canada and which he
suggested might be applied on a worldwide scale (by means of IUFRO),repre-

sents a remarkable attempt of such a spacious classification.

In order to understand the ecological effect of the climatic differences bet-
ween the regional units, "normal sites" must be picked out from each site
pattern as. a reference point. In the "Ontario System” these standard sites
are defined as "gently undulating well drained loam with no significant de-
ficiencies or excess of nutrients and not exposed, protected or in a frost
pocket" (cit. BURGER 1972). Equal to that is the "Plakor" of the Soviet
classification. Also in SW-Germany such standard sites have been chosen for

the comparison of site productivity.

Multilevel-combined systems

Multilevel combined vegetation and terrain approaches with delineation of the
temporary condition and including productivity assessment may be regarded as
the best and most highly developed form of forest site classifications. Some

exemples have already been noted.
A very complete system for the whole USA, with 9 hie;atchic levels of units
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based on biotic and abiotic factors, is described by BAILEY (1975). It is

demonstrated by the author in paper 1.2.2 of this'workshop.

Another very comprehensive system, which has been practiced in North America
for a long time, is the Ontario Classification-System, created about 35 years
ago by HILLS (1953) and his colleagues, who formulated the term of "total
site".

It comprises 4 levels: site region, land type (depending on parent material),
physiographic site types and-"site condition". The first 3 give a frame of
stable features, the latter is the actual, temporary state, expressed by
vegetation—;ypes.,

For differentiation are used: "a&ailable features." (ecoclimate, soil mois-
ture, nutrient régime) and "potential features", which govern the limits of,

the available ones (relief, pore distribution and potential nutrients), all

estimated in 11 digit scales. The soil type is described, but is not a classi-

fication criterion, except for nutrition and water supply.

With regard to the vast expanses of Canada for the present only the higher'
categories are mapped on a scale of 1:250 000 or 1:125 000; a few maps in
1:50000 exist until now only by way of trial. Single site units cannot be
plotted in such scales. For mapping therefore, other, summarizing units are
developed, such as "land type mosaics" or "land units" (least area 10 km2)
aﬁd so on (see BURGER 1972).

As a last step of this system a site evaluation has been added.

Similar, yet emphazising the biotic part somewhat more, is the "biophysicél
classification” of the Canadian Forest Service, developed by LACATE (1966;
1969), JURDANT (1969) and others. )

The precise guidelines (LACATE 1969) name 4 levels of units: the biggest,
the land region (1:1 - 3 Mill) is characterized by regional climate and ve-
getation; it is segmented according to physiography. The lowest, the "land
type" (1:10 -20000) is the central unit with a certain soil series and vege-
tation chronosequence, for which the capability rates are estimated. The name
of one unit "Orthic Dystric Brunisol on well drained gravel terrace, suppor-
ting Pinus contorta -Vaccinium scoparium-vegetation" may be noted as an
illustration.

A great number of surveys in North America on equal or similar principles
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were described by HOLLAND (1974), JEFFREY et al. (1968), 'KLINKA et al, (1979),
MUELLER-DUMBOIS (1965), ANNAS et al. (1979), SPROUT et al. (1966) and

others.

Conclusion

The development of the manifoid site classification methods has recently
shown a convergent trend toward multiple-level combined biophysical systems.
The attempt to achieve one worldwide sténdardized system, however, seems un-
realistic, in view of the present state of development and the successful
application of the existing approaches. Such a single system, moreover, would

not meet with the geographical particularities and purposes of all countries.

But what-could be achieved, and what is urgently needed, is the standardiza-
tion and_ahple, practical interpretation of the terminology used. This should
be a main task of future site research, possibly within the IUFRO working
pafty concerned. A better comparability and a better understanding of site
classification and maps by.its users could lead to an increased application of
these surveys, which up to now many institutions,engaged in site research,
have found insufficient. .
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TERRAIN CLASSIFICATION FOR FORESTRY IN THE NORDIC COUNTRIES

Staffan Berg

The Logging Research Foundation, Stockholm, Sweden

Summary

Since the introduction of mechanized forestry, the Nordic countries have
been endeavouring to describe forest terrain in a manner that is appropri-

ate to forestry activities.

Initially, assessment of the terrain was to some extent to help determine
wage rates in cutting and extraction work. During the 1950s, Norway adopted
a uniform, descriptive system of terrain classification for use in its na-
tional forest survey. During the 1940s and 1950s, fairly comprehensive
systems of terrain classification were drawn up in Finland and Sweden. In
the late 1960s, Sweden adopted a national system for use in logging ('Terrain
classification for Swedish forestry"), which formed the basis for a subse-

quent British system.

Since 1969, a joint venture concerned with terrain classification has been
pursued by the Nordic countries undér the auspices of NSR (The Nordic For-
est Work Study Council). The work has now resulted in a proposal for a

common, primary terrain classification system.

A wealth of studies have demonstrated the way in which productivity and
results are correlated with the assessed terrain difficulty. In the Nordic
countries, terrain descriptions are regarded as being an extremely valuable
aid to machine R & D work and to the costing and planning of forestry

activities.
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Introduction

Terrain classification systems for the forestry sector have been developed

in the Nordic countries in order to facilitate such activities as:

The description of a tract of terrain

The planning and control of operations, particularly mechanized
processes

The follow-up and'development of mechanized systems

Costing of the work.

The classification model may adopt a variety of forms, depending on the
main purpose of the classification. However, every model will be based on
a basic primary system, by means of which an objective description can be

made of the terrain in accordance with a numerical scale.

PRIMARY TERRAIN culsmumoxi SYSTEM

JlJl\'fmkw'lssl L1

SILVICULTURE SELONDARY
SYSTEM

1
’

PRICING INFORMATION | FUNLTIONAL
 SYSTEM

le—————

FUNCTIONAL
VARIARLE

Relationships between different terrain classification systems. The primary
system forms the link between research and practical operations.
Source: Nilsson, 1979.

On the basis of the primary system, a secondary system can then be drawn
up. This system can be designed for use in a given activity, e. g. logging
operations, and the terrain factors can be measured objectively from a

numerical or coded scale.

The primary system can also form the basis for the compilation of a func-—
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tional system. Such a system is built on the terrain factors that are di-

rectly related to a given operating method or machine system.

A descriptive terrain classification system makes an objective assessment
of the terrain according to a numerical or coded scale. In such a system
consideration is only given to terrain factors that are constant, or which
only change gradually over a period of time. These systems are not designed

to suit any particular activity.

Thus, it is clear that a primary or secondary terrain classification system

may also be descriptive.

A consensus has been reached within the Nordic countries about which varia-
bles constitute a primary terrain classification system (Eriksson, Nilsson
& Skramo, 1978), although the secondary systems vary in accordance with

the requirements and terrain of a given country,

In a country such as Norway, with its extensive areas of varying and moun-
tainous ferrain, the type of secondary terrain classificatian system needed
is different to that of Finland or Sweden. In Norway, it is important to
have a broad description of the suitability of a tract for, say, forestry.
Consequently, the emphasis in Norway has been placed on regional terrain

classification (Samset, 1975).

In Sweden and Finland, on the other hand, the type of terrain classifica-
tion system that is used, in the first instance, describes the difficulty
of a given site. The systems that have been developed in Sweden (Anon.,

1969, and Nilsson & Berg, 1979) are largely intended for use in planning

and follow-up studies of forestry activities.

In spite of the earlier work carried out in Finland on terrain classifica-
tion, as yet no generally applicable terrain classification system has been
adopted. Most of the work has concentrated on the development of classifi-
cation systems that can be applied in costing, planning and follow-up work.

Thus, the Finnish systems may largely be regarded as functional systems.

Because of the keen awareness in the Nordic countries of the importance of
a satisfactory description of the terrain, terrain classification systems

are nearly always put to use before any forestry activities are started.
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Terrain classification systems for different forestry activities

Logging

With the mechanization of logging operations, it soon became clear that
there was a need to relate the type of terrain to the operating difficulty.
Such work was initiated in the Nordic countries during the 1930s and 1940s.
Initially, the main aim was to improve the basic information for costing,
and the studies were therefore directed at establishing the influence of
the terrain on certain specific operating methods. Thus, the earliest forms

of terrain classification were mostly functional systems.

The first attempt at establishing a national terrain classification system
for forestry was made in Norway during the 1950s (Samset, 1955). The system
has been modified and improved on over the years, but the main fegtures
remain in the system presented by Samset (Samset, 1975). During the 1960s,
a national terrain classification system (Anon., 1969) was developed in
Sweden, which formed the basis for a subsequent British system, The two
latter systems are to be seen as secondary, but also fo some extent descrip-

tive, terrain classification systems.

Because of the importance attached to terrain classification, the Nordic
Forest Work Study Council (NSR) decided to start on' the groundwork for a
common Nordic terrain classification system. The results of the two pro-
jects concerned are reported by Haarlaa & Asserstdhl (1972) and Eriksson,

Nilsson & Skramo (1978).

The above systems of terrain classification have been designed for differ-
ent applications. The Norwegian system enables a descriptive classification
to be made at a regional and a local level. The system can also be used as

a basis for functional classification.

The purpose of the system, which is used constantly in the national forest
survey in Norway, is to facilitate assessments of the accessibility and
suitability of an area from a forestry point of view. The Swedish system is
designed for use in planning and follow-up studies and in work studies. It
is primarily intended for a description of a given site. The project carried
out jointly by'the‘Nordic countries has developed a primary system, which
will mainly be used for the development of secondary and functional systems

for the description of the terrain conditions on a site or forest tract.
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Silviculture

The main purpose of the majority of the above systems has always been to
describe the suitability of the terrain for logging and extraction work.
Consequently, some of the difficulty factors that are highly significant

to the difficulty of the silvicultural work are not included.

The need for a terrain classification system for silviculture became in-
creasingly apparent with the spread of mechanization in silviculture, which
took place during the 1960s and 1970s. In consequence, a terrain classifi-
cation system for silviculture was developed in Sweden in the late 1970s
(Nilsson & Berg, 1979). The system was based on the joint Nordic venture

carried out by Eriksson, Nilsson & Skrimo (1978).

The composition of the terrain classification systems

A synopsis of a number of terrain classification systems developed since
the 1940s (Table 1) shows that, in every case, the terrain characteristics

described are the bearing capacity, ground roughness and slope.

Ground bearing capacity can only be determined through the inclusion of
several factors, e.g. soil type, moisture content of the soil, ground rein-
forcement and vegetation. There are also practical difficulties associated

with the use of a scale based on measured values.

There is generally no .great difficulty in determining the second factor. An
objective description of the incidence of obstacles of varying sizes forms
the basis for a scale of four or five classes (Samset, 1975; Anon., 1969;

Haarlaa & Asserstdhl, 1972; Eriksson, Nilsson & Skrémo, 1978).

Nor is it difficult to describe the third factor, slope. Slope is classi-

fied in classes based on measured values.

In the systems included in Table 1, ground bearing capacity has been de-
scribed in a variety of ways. In the Swedish system (Anon., 1969) for in-
stance, the soil type, moisture content and field layer are assessed, and
the bearing capacity is expressed in a ground-conditions class, which con-

stitutes a scale of 1 - 5.

In Norway (Samset, 1975) the detailed system includes separate assessments

of the factors, soil type, field layer and type of vegetation. No specific
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Table 1 A synopsis of the terrain factors included in a number of terrain classification systems
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scale for the classification of bearing capacity is included in this system.
However, an assessment of the ground bearing capacity of an area of land is

made in the regional classification.

In the co-Nordic primary classification system, the factors influencing

bearing capacity are also assessed .separately.

To describe the difficulty of the terrain as applied to silvicultural work,
a comprehensive, primary, descriptive assessment can be made as accounted
for by Eriksson, Nilsson & Skr&mo (1978). In the report (Nilsson & Berg,
1979) a secondary terrain classification in five classes is made of the
factors, surface resistance to scarification, the incidence of subsﬁrféce

stones, and the incidence of slash and stumps.

Road construction

The above terrain classification system is also used by civil engineering
works. A description of the difficulty of the terrain in an area is an im—
portant consideration in an investigation on the profitability of a road-

building project.

.

A terrain classification system like this can also be used in the outline
planning of a projected stretch of road, although a more-detailed survey
along the planned route will be necessary to estimate the manpowef,machines

and fill that will be required.
A typical assessment of the terrain (Anon., 1965) may include:

Nature of land (E.g. forest land, wetland)

Soil type ' (The soil type is classified by means of three
froét—sensitivity classes)

Subsurface stones (The incidence of subsurface stones of varying
sizes as per the functional division, large stones
that can be blasted out, etc.)

Surface stones (Stones with a given volyme protruding above the
surface) -

Peat thickness

Visible boulders

Slope conditions
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Haarlaa (1973) gives the following difficulty factors:

Thickness of the humus cover

Soil type

Moisture content in the soil

Depth to subsurface stones and rock
Surface resistance to scarification
Ground roughness

Number of stumps

Slope

This report was compiled within the scope of the Nordic project on off-road
machines (Haarlaa & Asserstdhl, 1972). Accordingly, most of the above diffi-

culty factors are included in the 1978 report by Eriksson, Nilsson & Skramo.

The influence of terrain difficulty on operating results and productivity

The influence of terrain difficulty on operating results and productivity

has been demonstrated in a number of studies.

In the NSR project on off-road machines, Haarlaa (1971) examined the influ-
ence of the difficulty of the terrain on the operating speed of various
forestry tractors, The terrain factors studied were bearing capacity, humus

cover, soil type, moisture content and ground roughness. The results estab-

lished that the operating speed of the machines was influenced (in descend-

ing order of importance) by ground roughness, slope and bearing capacity
(Table 2). The combination of difficult ground roughness and difficult

slope had a particularly strong effect on the operating speed.

Table 2 Examples of variations in the operating speed of a laden forwarder
operating on different slopes. Source: Haarlaa, 1971.

Driving direction Slope, 7% . Operating'speed; m/min
Downhill slope -50... -21 31,9
-20... - 3 32,6
Level ground -2...+2 33,8
~ Uphill slope + 3... +10 28,2
+11,.. +20 24,5
+21... +33 -
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Under the same NSR project, Asserstdhl (1973) conducted a study on forward-
ers. The operating speed of thé forwarders was related to the terrain diffi-
culty as defined in the terrain classification system for Swedish forestry
(Anon., 1969). The variation in the operating speed of a laden forwarder,
operating on main haul roads in different types of terrain, may be seen in
Table 3. The conclusion to be drawn is that all departures from terrain
that is fairly flat and has a low ground-roughness value will result in a
reduction in the speed of the machine. In addition, Asserstihl, as Haarlaa
(1971  and 1973), has observed that the combination of ground roughness and
slope reduces the operating speed more than the factors do when occurring

éeparately.

Table 3 Variations in the operating speed (m/min) of a laden forwarder
on a main haul road in terrain of varying difficulty. Regression
function taken from Asserstdhl (1973).

Slope class

Ground roughness ' Uphill Downhill

class 1 2 3 1 2 3
1 63,2 62,7 - 74,6 73,2 -
2 51,4 48,8 - 62,7 60,2 -
3 - - - 57,6 53,2 -

"A study of the Kockum -875/78 processor in difficult terrain (Nilsson & Son-
dell, 1973) established that both ground roughness and slope had a great

..bearing on.starting and stopping times; and on the operating speed (Fig. 1).

Ground »
) roughness
UPHILL m/win DOWNHILL. class

3

.eor;_%kigvrﬁfffj:::;;::::A
N

! 7 A
2?7

i
;
i
!
-30 20 10

Slope, %

Figure 1 The operating speed of a Kockum 875/78 processor operating in
different combinations of ground-roughness classes and slope
.classes. Source: Nilsson & Sondell, 1973.
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Additional studies of the influence of terrain conditions on the operating

speed of a machine have been conducted by Berg & Sondell (1974) and Sondell

(1979). Once again, a strong correlation was observed between operating

speed, ground roughness and slope (Figs. 2 &'3).

UPHILL |m/min DOWNHILL
35
P 3 Ground
‘roughness
25 \ class
2"
20
. \\\\\é
~~ i
s 1
I
}
-0 [le) 20

Slope, 7

Figure 2 The operating speed of an
~0SA 670 feller-buncher operating in
different combinations of ground-

roughness classes and slope classes.

Source: Berg & Sondell, 1974.
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Figure 3 The operating speeds of a
number of forwarders along various
stretches of a test track. The dots
indicate the speed on a given stretch
of the track. The ground roughness

is indicated by the figures along-
side the dots. Source: Sondell, 1979

The éombined results of the above studies show that the difficulty factors,
ground roughness and slope, distinguish fairly clearly how the operating
speed of a machine is influenced in logging and extraction work. The effect
of ground conditions on the speed of a vehicle is-apparéntly rather small,

provided that the ground is firm enough to hold the machine.

Studies of the influence of terrain conditions on silvicultural operations

have largely concerned mechanized scarification.

Haarlaa (1973b) investigated the effect of terrain difficulty on productiv-
ity and operating results in scarification by means of a Sinkkild Cultiva-
tor. The most important factors influencing the operating speed of the '
machine were soil type, moisture content of the soil, the incidence of sub-
surface stones and rock, and high ground—foughness values. The operating
results, also, were adversely affected by increases in the ground roughnesé

class and the incidence of subsurface stones. (Fig. 4)

'
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Figure 4 A typical nomogram for determining the time consumption in
mechanized scarification by means of the Sinkkilid Cultivator.
Source: Haarlaa, 1973b.

Scholander (1973 made a study of the strength of the ground on forest land
and found that the ultimate strength of the field and ground layers on true
forest land was primarily -dependent on the nature of the vegetation, with

the properties of the soil being of secondary importance.

In studies of the performance of numerous scarification units, Jahnke &

Nilsson (1975) found that the main factors adversely affecting the operat-

ing results were:

High ground-roughness values

A high incidence of subsurface stones and rock
An extensive slash cover

A thick humus layer

A high incidence of stumps.

The nomogram constructed by the authors to estimate the operating results

under varying terrain conditions is presented in Figure 5.

An investigation of the performance of the TTS 612 disc trencher (Skrémo,
1976) found that the extent and age of the slash cover had the greatést in-
fluence on the operating results. Skr&mo established that the other terrain

factors recorded were :minor cause of the scatter around the mean values.
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Figure 5 Nomogram showing the proportion of acceptable planting sites with
exposed mineral soil in relation to the number theoretically
possible, in varying terrain conditions. The solid line denotes
the Bridcke-cultivator and the dotted line the TTS 612 unit.
Source: Jahnke & Nilsson, 1975.

Numerous studies on the performance of scarification equipment were conduct—
ed in 1977 and 1978 (Berg, 1979). The operating results of all of the
machines were affected most by the thickness of the slash cover. Thereafter,
ground roughness, subsurface stones and rock, and the incidence of stumps
also affected the results, although the extent varied from one unit to

another (Figs. 6 & 7).

Investigations on time consumption i forest-road construction (Haarlaa,
1973a) found that the operating time of tractor-mounted excavators and of
bulldozers was influenced by the incidence of subsurface stones and rock,

the moisture content of the soil and the incidence of stumps (Fig, 8).

In addition, ground roughness and slope were found to have an influence on

the time taken in excavation by tractor-mounted excavators.
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Concluding remarks

From the results of the afore-mentioned studies conducted in forest terrain
in the Nordic countries, it is clear that the terrain classification systems
can be used successfully to‘demonstrate the influence of terrain on the pro-

ductivity and operating results in logging, silvicultural and road-construc-

tion operations.

Obviously, fewer particulars are required for work carried out on top of the
ground than for work that involves partial or total disturbance of the sur-

face.

It has been established that the operating difficulty in logging and extrac-
tion work can be amply described by means of the terrain factors, ground

roughness, slope and ground conditions.

All of the Nordic countries have terrain classification systems that clear-
ly describe the two former factors. Ground conditions, or bearing capacity,
on the other hand, are more difficult to describe precisely, since this fac~-
tor is iufluencéd by avvariety of properties of the soil and vegetation.
None the less, the factor is included in "Terrain classification system for
Swedish forestry" (Anon., 1969), and in the system used in the national

forest survey in Norway (Samset, 1975).

Mechanized silvicultural operations require a more-—extensive description of
the soil. All of the studies have shown that a description of the incidence
of subsurface stones and rock, of the extent of slash cover and of the

effect of the scarifier heads on the vegetation is necessary.

A description of primary terrain factors such as these is contained in the
joint NSR report (Eriksson,-Nilsson & Skramo, 1978). On the basis of this
report, a secondary system has been developed in Sweden (Nilsson & Berg,
1979), which deals with the surface resistance to scarification, the inci-

dence of subsurface stones and rock and the incidence of slash and stumps.

A more-—thorough description of the incidence of subsurface stones and rock
is necessary for the purpose of roadAconstructioﬂ. The secondary terrain
classification systems are presumably of too general a nature for use in the
planning of earthmoving operations. The primary vgriables in the NSR report

can probably give a better and more detailed description of a projected road.
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EVALUATIONS OF FOREST LANDS IN THE UNITED STATES

D. E. McCormack, R. E. Hartung, and K. N. Larson 1/

7 Summary

Several approaches are being used in the U.S. for the evaluation of forest

land. The most commonly used are the soil-woodland classification system used
by the Soil Conservation Service (SCS), multiple-use evaluations used by the
Forest Service, and soil potential ratings. Productivity and species adaptation
are the factors that most commonly influence the evaluations and are given the
most weight.‘ The soil potential approach is being developed as a new evaluation
tool for improved understanding of land quality (8). This approach relates
economic considerations to specific soil properties and is the most thorough
evaluation system used to date. '

Introduction - )

A knowledge of the quality, value, or suitability of forest land for wood crop
production and of its recreational, educational, Qildlife, and other resource
values is essential for deciding its use and management. An understanding of
the basic productivity of each kind of soil plus knowledge of the cost and
returns to management are required. For much of the forest land in the United
States, secondary uses such as ;ecreation, grazing, education, or wildlife
enhancement must be properly evaluated Slong with wood crop production to

maximize the returns of the land.

Evaluation approaches should consider what land use options are available or if
there are opportunities for multiple use. A detailed analysis has limited
value if it considers only one land use. Economic analyses are an.obvious
requirement. Soil potential analyses can ensure relatively consistent
evaluations of several land use alternatives on a given tract of land. These

evaluations provide a basis for sound decisions on land use and management.

1/ Soil Scientist, Soil Conservation Service; Forester, Soil Conservation

Service; Soil Scientist, Forest Service.
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Forest Land in the U.S. and its Management

From 1958 to 1977, the acreage of forest land in the United States declined by
more than 20 million ha (3). Most of this acreage was cleared and used for
cropland; about 3 million ha was shifted to urban uses (11). These shifts in

land use occurred largely on privately owned forest. lands. N

Privately owned forest land

A large acreage of privately owned forest land is divided among many small
landholdings. About 5 million ha was cleared for cultivation from 1967 to 1975
(2) although currently most of the owners do not plan to change the land use.

Many of the small areas are not managed for optimum wood crbp production. They
are highly prized for their beauty, wildlife values, and recreation opportunitie
ar are being held for speculative purposes. In the past few years,.increasing
numbers of owners have recognized that they can make a profit in managing these

small forests without sacrificing secondary values.

About 14 percent of the private forest 1aﬁd in the U.S. is owned by large
commercial firms. The owners generally practice highly sophisticated forgst
management to obtain the highest possible production'and profits. As a result,
fhey are learning a great deal about making forestry profitable on specific

kinds of soil.

It is important that owners of forest land know the potentiai of the soil for-a
wide'range of uses. This knowledge might deter some owners from clearing the
forest to grow other crops and, instead, show them how to earn profits from

wood crops.

Large areas of native forest land have been cleared that never should have

been. Much of our most fragile and lowest quality cropland and pastureland,
now severely eroding and degrading the environment, is in this category. An
evaluation of this low quality cleared land could well show that net returns

would be greater for wood crops and that environmental values would be improved.

168




Federally owned forest land

The federal government owns more than 114 million ha of forest land in the U.S.:
In a sense the land is held in trust for the people. It provides scenic beauty,
recreation opportunities, and wildlife habitat. For many Americans, no other

returns are needed to justify its continued ownership by the public.

These values are not diminished on much of the land by management and harvesting
of wood crops. Such management and harvest is done extensively on federally
owned forest lands as decided by the government forester. It is not necessary
to persuade an individual land user as on private land. Furthermore, the
management of federally owned forest land receives increasing scrutiny from the
public; complaints by private individuals and groups can carry considerable
political clout and are considered in management decisions. Management of this
forest land must be based, therefore, on a thorough and objective evaluation of
the productivity éf each kind of soil as well as the environmental hazards of

forestry practices and other land uses.

The soil-woodland rating of

the Soil Conservation Service

On request, the Soil Conservation Service helps forest land owners and operators
plan a conservation system for managing their forest resources. The soil
survey and its accompanying interpretations, including the soil-woodland rating

system, are the basic technical materials used in planning.

The soil-woodland rating system measures three aspects of the soil's suitability
for wood crops: (1) productivity, (2) limiting soil properties, and (3) other
site factors (optional). Each soil is assigned to a soil-woodland group
identified by an alphanumeric symbol that summarizes these aspects. In group
7Wl, for example, "7" means annual productivity is 6.6 to 7.5 m3/ha; "y
designateé soil wetness as a limitation, and "1" indicates a unique set of
management problems.

’

With the rating system, forest soils can be ranked by productivity and species
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suitability. Soils with high productive potential for desirable species are

given a high priority for intensive management.
3

Preparation and use of soil surveys

The soil survey is the backbone of the rating system. In SCS soil surveys, ¢
each soil map unit has a characteristic soil profile; it also occurs in a
characteristic landscape position, supports a unique natural plant community,
and has definable potentials and limitations for a variety of land uses. The
soil profile is a reflection of complex interactions of éoil, climate, and
vegetation regimes. These interactions are considered in Soil Taxonomy (9),
the system of soil classification used by the U.S. Department of Agriculture.

y
Soil temperature and moisture criteria in Soil Taxonomy limit the occurrence of
given kinds of soil'to given climatic regimes. This soil-climate
interrélationship in the principal determinant of the kind and growth rate of
native vegetation. In defining soil map units, SCS soil scientists not only
méasure and classify the soil's properties but also consider practical needs
for land use and management. Map units are defined, therefore, to supply much
information about landform and slope position that is important in understanding
the forest site. For example, some soils occur only on concave lower slopes or
only on convex ridgecrests; other soils occur on more than one kind of landform.
Aspect, slope shape and position, and other landform characteristics important

in forest site huality are represented by the soil map unit.

Since the soil survey classifies the landscape as a unique whole, it is a
holistic approach to defining the enviromment (7). In contrast, factorial
approaches (6) relate productivity to individual soil, climatic, or

physiographic features.

Soil-woodland productivity and the site index

Productivity is given major emphasis in the rating system and is represented by
the first part of the alphanumeric rating symbol. Productivity is expressed as

the volume of annual growth in cubic meters per hectare and is determined
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through correlations with the site index.

Site index refers to the height, in feet (1 ft = 0.3 m), of a given species, at

a given age, on a given soil. For example, on Winthrop gravelly loamy sand, 0

to 15 percent slopes, the site index is 65.for ponderosa pine (Pinus ppnderosa}‘

at 100 years of age. This means that ponderosa pine can be expected to grow to
a height of 65 feet (29 m) in 100 years.

For practical reasons, site index is generally determined from measurements for
the dominant and codominant trees on a site growing in usual competition--not
overcrowded. The average of several measurements made on the same soil is

considered reliable.

When the site index has been determined, it can be converted to other units,
for example, cubic meters per hectare, as in the soil-woodland rating system.
Only one species is chosen, however, to serve as the basis for the productivity
rating. Commonly it is the species with the greatest productivity for a wood
crop. This is a limitation of the rating syétem, because some soils are well
suited to several tree species. Productivity estimates are made for the otﬁer

adapted species.

Limiting soil properties

The second part of the symbol in the SCS soil-woodland rating denotes the
presence.of soil or physiographic factors that impose limitations in establishing,
tending, or harvesting a wood crop. These factors are increasingly important

as forestry tasks once done by manual labor are mechanized. The factors have a
hierarchy that controls their use when more than one limiting factor is present.

The symbols and their meanings, arranged hierarchically, are:

- presence of stones and rocks
- wetness

toxic materials

depth to rooting restriction

O g 1B E X
]

clayeyness
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- sandiness

- fragmgntal or skeletal soils

relief, steepness, or aspect : -

> oW
t

- no soil factor imposes a significant limitation

Other site factors

|

The third part of the rating symbol is provided for optional use to help identifi
soils adapted to similar species of trees and understory vegetation or soils
with specific management problems, e.g., seedling survival, erosion when cover '
is removed, windthrow, plant competition, and equipment limitations. These

items can be interpreted from soils information.

Examples are:

1. 13X1 - Soils capable of producing 12.5 to 13.5 m3/ha/yr; stones are

present as a limitation; soils are sloping and subject to erosion.

2. 13X2 - Same as 1., except the soils are level and there is no erosion

hazard.

3. 9Wh4 - Soils capable of producing 8.5 to 9.5 m3/ha/yr; wetness is a

limitation; clayey soils affect choice of equipment.

4, 10A3 - Soils capable of producing 9.5 to 10.5 m3/ha/yr; no significant

limitation; suited to Douglas-fir (Pseudotsuga menziesii).

Some applications of the system

SCS has leadership for a continuing program of determining site index for the
principal tree species on specific kinds of soil. Usually this work is doné
before completion of soil mapping in the survey area. Automatic data processing
systems are being developed to store, process, array, and display the data.

Data from approximately 25,000 plots throughout the United States will be in
storage by the end of 1980. Obviously, there will never be data obtained on
all soil series, but by combining these data with factorial studies, accurate
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estimates of productivity can be made.

From the site index, it is possible to make some generalizations about the
effect of specific soil properties. For example, in western Washington, the

site index of Douglas-fir correlates with soil depth and total aanual

precipitation. In this area site index tends to decrease with increasing
elevation and with gravel content of the soil. The soil texture in the A and B

horizons also has an influence.

Soil and forestry interpretations are flexible tools. They are most commonly
used in planning for individual ownerships, but are also used in broad resource

planning of watersheds, counties, or larger areas.

SCS and the state of Washington have accelerated soil surveys on forest land (1).
The potential productivity of indicator species and equipment limitations are -
the bases used for the state's land grading program. The state's Department of

Revenue uses the data for assessing tax rates on privately owned forést land.

Tree planting guides are developed by SCS for each kind of soil. The species
suggested for planting may inciude introduced species as well as species observed
to grow naturélly.' Recommendations for. introduced species are based on knowledge
and experience of species planted on the same soil or on similar soils in the
area. Whether one or several species are to be planted, soils information can

help in making the best choice and avoiding expensive mistakes.

In central and southeastern United States, there is an abundance of commercial
tree species. Lists of preferred species can be compiled and related to soil-
woodland groups to take advantage of soil information in making improvement
cuttings. In the western United States, there are fewer species from which to

choose -and such preference lists are less useful.

Multiple-use Evaluations of the Forest Service

The U.S. Department of Agriculture's Forest Service administers National Forest

lands using the basic principles of multiple use and sustained yield. The

lands are evaluated for a variety of purposes including forestry. Maintenance
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of long-term productivity is a basic management concept.

Soil information from soil surveys has long been used in making evaluations of
National Forest lands. Information used most often is that rélating to erosion,
mantle stability, productivity, compaction, reforestation, and suitability of
various management practices. Soil surveys are available on more than 80
percent of National Forest lands.

. A national classification system has not been developed to evaluate land for
forestry purposes on National Forest lands. Land evaluation is accomplished as
an integral part of the preparation of management plans for individual National
Forests. The plans are used primarily for allocating forest management personnel
and deciding management practices and secondary land uses.

Soil surveys and other resource data are used to identify and delineate
"capability areas." These are areas of land with similar responses to management
Soil' type, slope, and vegetation are the most common criteria used to delineate
capability areas. Interpretations of inherent capabilities and limitations are

" made from these and the other criteria. Capability is expressed in cubic feet

of wood per acre per year, pounds of forage, and other units that indicate

productivity. The suitability of various management practices is then determined

and suitable mitigating measures developed.

Classifications Using Ephemeral Criteria

Various land classification systems include location, existing vegetation,
ownership, and other ephemeral characteristics in evaluations of land use
potentials. (Location can be ephemeral because of new development in the
vicinity at some time after the evaluation is made.) These systems may be
helpful for short-term planning, but the primary determinant for decisions on
the long-term use and management of land must be the inherent quality of the
soil. The need for ephemeral criteria is likely to depend on changes in future

priorities for land and its products.

Soil Potential




During the past 5 years, an approach for evaluating relative soil quality for
specified uses has been under development in the U.S. (8). This approach,
known as soil potentials, results in an array of soil mapping units from the
best suited to the least suited. The general procedure is applicable to any
land use. We believe it is a logical way to make the detailed analysis of land
quality required for placing soils into the Land Suitability Classes proposed

in the Framework for Land Evaluation (4).

Soil potential is a rating of the relative quality of the kind of soil or soil
mapping unit in an area. The soil potential rating system evaluates and
summarizes the interacting complexes of climate, vegetation, landform, geology,
and soil in a digcrete landscape segment.

Under the éoil potential procedure, the limiting features of the soil and
site--and the severity of the limitations--are identified along with the best
available technology feasible for overcoming the limitations (10). The cost or
degree of difficulty of corrective measures is determined. Limitations that
would exist after the .measures are installed are evaluated. Yield level below
a standard defined for the local area is considered a continuing limitation.
Index values related to costs of production and returns to management -are
Adeveloped. The procedure is illustrated in tables 1 and 2, where two soils
with the same productivity rating have different potential. Both soils might
be in the same Land Suitability Class of a three-class system but could well be

in different classes of a five-class system.

In the examples in the tables, both soils fall short of the yield standard for
the area despite the application of corrective measures. On the wet Guyton
soil (table 1), bedding and ditches are measures designed to improve yields and
to facilitate harvest. On the sandy, sloping Alaga soil (table 2), occasional
replanting is designed to overcome high seedling mortality. In the future we
may find other feasible practices for increasing yield levels. Such practices
will be applicable only to specific kinds of soil or specific kinds of soil

limitations.

The evaluation of technology--its costs and benefits--is considered a strong

advantage of the soil potential rating system. Discussion among specialists in
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different disciplines is required under the procedure, and these discussions
help ensure the best possible use of soil survey and other resource data. The
ratings can be used to separate soils into the suitable and not suitable Level
Suitability Orders (4) as well as to place soils into the Land Suitability
Classes.
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Soil use:

Table l.

Woodland

Sample worksheet for preparing soil potential ratings

Area:

Beta County

Mapping unit:

Guyton silt loam, 0 to 1 percent slopes

Yield standard;9.1 m3/ha/yl’
Yield estimate:7.7 malha/yr

Soil and c . - .
Evaluation site Degree of |Effects Corrective measures Continuing limitations
FPactors conditions |limitation |on use Kinds fndex Kind Index
Slope 10-12 Slight None
Depth to high water |<j50 Severe Equipment [Special equipment, i0
table e limitation{ avoid wet seasons
seedling
mortality |Beddimg, ditches 5
Flooding None Slight None
Available water >20 cm slight None ,
capacity to
150 cm depth
Surface texture Loamy Slight None
! . 2/
1/A11 index values are a percentage of the value of. rotal 15 |rotal 18 =
the harvested crop.
2/Yield reduction is 18 percent of the standard:
9.1 - 7.7 '100 - 100 - 15 - 18 ' 67 i
7.7 * 18, Performance Measure Continuing Soil potential fndex
’ ! standard gost limitation
index gost index
Table 2, Sample worksheet for oreparing soil potential ratings
Soil use: Woodland Area: Beta County —

Mapping unit: Alaga

loamy fine sand, 8 to 13 percent slopes

Yield standard 9.1 m3/ha/yr
Yield estimate 7.7 m3/ha/yr

Soil and
Evaluation site Degree of |Effects Corrective measures Continuing limitations
factors conditions |limitation jon use Kinds Iindex M} Kind ndex
Slo, e 8-13% Slight Pone
Depth to high- water |>150 cm Slight Nlone .
table
Flooding None Slight None
Available water <.12 cm  Bevere Reduced yield) ,
capacity to seedling | Occasional replant 4
150 cm depth mortality .
Surface texture Sandy Moderate [Equipment Special equipment; 3
limitation schedule
operations to
avoid dry seasons
1/A11 index values are a percentage of the value of 2/
the harvested crop. Total 7 |Total 18~
2/Yield reduction is .18 percent of the standard:
9,1 - 7.7 x 100 = iB 100 - 7 - 18 75
7.7 . Performance Measure Continuing So1l potential index
standard cost limitation
index cost index
SN
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Afforestation with Araucaria angustifolia in Southern Brazil.

3.2 Papers on "Land evaluation, a new approach"; Session 1, November 11,

Monday

"Concepts and Procedures’

Chairman: M.F. Purnell; Rapporteur: R.E.F. Heslop

-~ J. Bennema, H.F. Gelens and P. Laban
Principles, basic concepts and procedure in land eévaluation,
considered from a forestry angle N .
Presented by J. Bennema
- P. Laban
Co~authors: S. Andel, M.M.G.R. Bol, C.P. van Goor,
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PRINCIPLES, BASIC CONCEPTS AND PROCEDURE IN LAND EVALUATION,
CONSIDERED FROM A FORESTRY ANGLE

J. Bennema

Department of Soil Science and Geology, Agricultural University,
Wageningen, The Netherlands

H.F. Gelens

International Institute for Aerial Survey and Earth Sciences, IIC,
Enschede, The Netherlands ‘

P. Laban

Dorschkamp Research Institute for Forestry and Landscape Planning,
Wageningen, The Netherlands

Summary

Under auspices of FAO a framework for land evaluation has been developed.

Thus far, this framework is mainly applied for agriculture; this paper re-

views, and underlines, the applicability of its concepts and procedures in

the field of forestry.

The main principles of this approach to land evaluation are

a)
b)

c)
d)
e)
£)

multidisciplinarity,

consideration of the physical as well as the socio-economic and poli-
tical environment of the study area,

land suitability classification for specified kinds of land use,
comparison of more than one single kind of land use,

comparison of benefits and inputs for each kind of land use, and

use on a sustained basis.

These principles are at least as valid for forestry as for agriculture.

There are several aspects of land evaluation which, although not exclusively
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specific for foréstry, deserve high emphasis when evaluating land for
forestry: e.g. the often long rotation periods, the envirommental impacts
of selected kinds of (forest) land use and the need to pursue more than one
aim simultaneously (e.g. wood production as well as recreation and/or land

conservation).

The second part of the paper describes briefly:the procedure of the land

evaluation approach. It emphasizes the need for socio-economic information.
At the same time, however, a distinction is made between a physical and an
integral land evaluation, socio-economic analysis plaYing an important role

in the latter.

I. General introduction

In the past decade serious efforts have been made (on an international
level) to achieve uniformity in the approach to land evaluation. Most of
these efforts have been made under the auspices of FAO and FAO has done much
of the co-ordinating work. The most important single result of all these ef-
forts: "A Framework for Land Evaluation'" was published by FAO at the end of
1976.

In the first two chapters of this Framework land evaluation is defined and
a number of principles and basic concepts are introduced and put forward.
These principles and concepts needed to be formulated to describe a land
evaluation procedure which, hopefully, would be generally acceptable and

applicable throughout the world.

It must be emphasized that the Framework is intended to provide guidelines
for land evaluation for all rural purposes, not just for agriculture. Un-
doubtedly, forestry comes under this term 'rural". Nevertheless, the Frame-
work approach so far has been mainly applied and tested in the sphere of
agriculture. And experience so far obtained suggests that the Framework is

fulfilling its purpose.

It is logical that in a workshop on land evaluation for forestry we should
now wish to assess the value of the Framework approach for forestry too. It

has great advantages, particularly in rural development planning, when both
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branches of rural use can be evaluated according to the same principles.
After all, the Framework was meant to make this possible.

The purpose of this paper is therefore to consider the principles, the
concepté and the procedure of land evaluation from a fofestry angle.
We wént to see if the basic concepts retain their meaning if we apply
them to forestry and if the principles remain valid when we deal with
forestry rather than with agriculture. This will be done in the first
part of the paper, as we need to be familiar with these concepts and
principles for a good understanding of the procedure. The procedure

is discussed in the second part, also against a forestry background.

II. Principles and basic concepts

Introduction

As mentioned above, we want to review the Framework's principles and
concepts and see if théy remain valid when applied to forestry. We

may further question if there is a need for additional concepts when

we consider land in a forestry context. Finally, there are a number

of considerations, either specific to forestry or of a more general
nature, which are not-discussed in the Framework but nevertheless
deserve our attention. But first, let us define land evaluation against
a forestry background, thereby analysing the concepts used in such a

definition.
Definition

The most concise definition of land evaluation given in the FAO
Framework for Land Evaluation is:

"Land evaluation is .... (the process of) the assessment of land
performance when used for specified purposes'.

These purposes may be the present land use or other uses relevant for
future considerations. As a good performance implies a high suitabil-

ity the word 'performance! may be replaced by the term 'suitability'.
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The definition remains valid when the land use is meant to be a form
of forestry. The definition of land evaluation can be more specifi-

cally adapted to forestry, as follows:

"Land evaluation for forestry is the process of assessing the perform-
ance (suitability) of land when used for specified present or project-

‘ed forms of forestry'.

A number of terms in this definition can be considered as basic con-

cepts and need individual attention.

'Land' in this context, besides being an area of the earth's surface,
includes all the physical attributes of the area that are reasonably
stable or predictably cyclic. to the extent that these attributes are
important for the land evaluation. They include: soil, underlying
geology, hydrology, climate, present land use and/or natural vegetation,
internal infrastructure. For forestry it is important to emphasize

that the present stand of either natural or planted forest is part of

the land.

The term 'forestry' in the definition is used in its widest sense and
includes all the uses in which the fofest or the forest ecosYsteh is
the main source of the produce (timber, pulp, etc.) or where it ful-

fills specific functions in society or environment.

'Specified forms of forestry'. The framework recognizes .major kinds of

land use as a first sub-division of rural land use. Forestry is one of

N

them. When a kind of land use needs to be described in greater detail

we speak of a 'Land Utilization Type', sometimes abbreviated to LUT.

A Land Utilization Type can be defined as a specific way of using the
lénd, which for the purpose of land evaluation is described in terms
of the following so-called 'key attributes': (1) produce, (2) labour
intensity, (3) capital intensity, (4) technology, (5) level of know-
how, (6) scale of operations. Differences in the key attributes
enable the Land Utilization Types to be distinguished from each other. .
It is clear that, as in agriculture manf types of forestry can be

recognized on the basis of differences in the same key attributes we
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know from agricultural Land Utilization Types. The paper "Land utiliz-

ation types for forestry" will deal in detail with this subject.

As planting or maintaining trees on the land is a kind of use fully’

comparable with planting a crop or using the land for grazing cattle,
we can also use the term Land Utilization Type for any specific form
of forestry. There is no need to introduce a new term: Forest Utiliz-
ation Type. Such a new term may be wrongly interpreted: it is not the
forest that is used, but the land (which may include existing forest).
When there is a need to stress that we are dealing with land use that
can be considered forestry, the term 'Land Utilization Type for For-
estry' might be suggested. In this paper we shall use this term when
there is a need to emphasize the contrast with the agricultural Land
Utilization Type, but it may well be that there are no compelling

reasons to introduce it in land evaluation for forestry in general.

One femark may be made about the key attribute 'produce{ when used in
connection with forestry. In forestry, ‘'produce' has a wide meaning.
As in agriculture there are many cases in forestry where the produce
takes a palpable form like timber, pulp, fire wood, secondary forestry
products etc., but in other cases the produce is more intangible and
consists e.g. of supplying a recreational function or a soil conser-
vation function. The term 'function' here can be interpreted as ex-
tending the concept of 'produce'! and it may be‘argued that in land
evaluation for forestry the two terms should be interchangeable.
Different kinds of produce may be obtained from the same area without
.spatial separation. In this case we can speak of a 'multi-purpose land
utilization type for forestry'. Two cases can be distinguished:
a. The aims are pursued simultaneously, in which case the multi-
purpose land utilization type for forestry fits the definition of
a 'multiple land utilization type' as given in the Framework. An
example of this is a forest managed for the production of timber
but which simultaneously has a distinct recreational function.
b. The aims are pursued one after the other in a rotation ('rotational

‘multi-purpose land utilization type for forestry').lExamplés of this
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are several forms of agro-forestry whereby, after felling a forest

stand, crops are grown for a few years before new trees are planted.
In cases of multi-purpose land utilization types for forestry, the
suitability of the land evaluation units has' to be assessed for the

different aims, taking any mutual constraints into account.

The principles of land evaluation

The Framework indicates 6 basic principles that are considered to be
fundamental to the suggested approach to and methods of land evalu-
ation. These principles are briefly reviewed below; at the same time
it is ascertained whether they retain their validity when forestry

rather than agricultural use is considered.

a. Land suitability is assessed and classified with respect to

specified kinds of use.

Different Land Utilization Types have different requirements, which
have to be met by certain characteristics of the land, the so-
called land qualities. The requirements include requirements re-
lated to growth e.g. the availability of water, the availability

of nutrients etc., requirements related to management e.g. the

" possibility for mechanization, the minimum size of potential
management units, etc. and requirements related to land conservation
e.g. resistance to erosion, not being. susceptible to salinization
etc. Because of the different requireﬁents, the same piece of land
will have different suitability for different Land Utilization
Types. This also applies to Land Utilization Types for forestry:
land with shallow rocky soil will be unsuitable for many species
but for a utilization type based on the growing of a shallow-

rooting species, it may be highly suitable.

b. Land evaluation requires a comparison of the benefits obtained and
the inputs needed on different types of land.
As in agriculture, land evaluation for forestry always has an

economic baékground. To produce a product, land needs certain
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inputs in the form of labour and -investments. On different types of
land these inputs will be different, while also the outputs in the
form of a product or the fulfillment of a function will be different
in quantity or quality. Even the so-called physical land evaluation
should keep the estimated ratio between these inputs and outputs in

mind.

A multidisciplinary approach is needed.

As pointed out under (a) above, the requirements of Land Utilization
Types, whether for agriculture or for forestry, may vary greatly in
kind and nature. E.g. the suitability for a timber production forest
has to do with requirements related to growth (soil, climate),
requirements related to management (conditions for the application
of certain logging methods, the possibility of developing an infra-
structure), while soil conservation aspects also need attention.

To evaluate these different aspects, people from different disci-

plines. are needed.

Evaluation is made in terms relevant to the physical, economic and
social context of the area concerned.

From (a) it follows that, when evaluating an area, the suitability
for different Land Utilization Types has to be determined.

The number of Land Utilization Types has to be limited for.practi—
cal reasons and the phrasing of this principle simply means that
the choice of Land Utilization Types to be considered should be a
logical one seen against the physical, ‘economic and social back-
grounds of the area concerned. In some cases the relevant Land
Utilization Types will be agricultural ones, in other cases dif-
ferent Land Utilization Types for Forestry will be relevant. How-
ever, it should be evident that there are also many areas where the
Land Utilization Types to be considered are partly of agricultural

nature, partly Land Utilization Types for Forestry (see also f.).

Suitability refers to use on a sustained basis.

The most important condition for any form of rural land use is that
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production can at least be maintained at 5 certain level over time,
}.e. productivity should be sustained. This is in contrast to"
looking for high short-term profits that cause environmental
deterioration and consequently decrease future benefits.

This principle, particularly with regard to forestry, should be
seen in a broad regional sense. It means thét not only the site
conditions have to be maintained but also that a forest ecosystem
should be maintained or created over a wider area, making sustained
production possible. On the other hand, it should be considered
acceptable that at a given moment in the course of the development
of an area,an incidental decrease in potential takes place, pro-
vided that an acceptable level is maintained subsequently. E.g.

the clearing of a primary forest usually means a loss of natural
fertility. This is acceptable if after this a reasonable level of
productivity can be assured and.permanently maintained.

f. Evaluation involves comparison of more than one single kind of use.
This principle has to be seen in close context with (a) and (d).
The comparison should lead to a recommendation. The recommendation
will lead to a choice that should be based on the physical suit-
ability (a) and the economic and social backgrounds (d}. The kind
of choice will be related to the level of planning. In the first
instance the choice may have to be between agriculture and forestry.
‘In a further stage the kind of forest product or the tree species

to be planted may be the object of choice.

In view of the principles mentioned under (b), (d) and (f), it may be
a;propriéte to conclude Fhis section Qith the remark that land evalu-
ation is not an alternative to socio-economic planning. It is meant

to provide-the data on land use possibilities in a systematic way and

can therefore be considered an essential basis for socio-economic

planning and analysis.

Land units and land evaluation units

The concept of land has been discussed. However, an area of land has

188




to be divided into parts that can be treated individually as units in
the process of land evaluation. For this purpose the Framework indi-
cates the 'land mapping unit', which is a mapped area of land with
specified characteristics. Land mapping units are delineated andcharac-
terized as a result of natural resources surveys e.g. soil survey,
forest inventory etc. In principle, a land ﬁapping unit should have
homogeneous characteristics, with a certain permissible internal vari-
ation. The degree of internal variation varies with the scale and in-

tensity of the study..

In some cases a mapping unit consists of two or more distinct types of
land, which for cartographic purposes have been combined in one mqpping
unit (associations and complexes). The component parts of such compound
units may have completely different suitabilities. On the other hand,
different land mapping units hay offer the same possibilities for a
specific Land Utilization Type because the one or more characteristics
that distinguish them from each other, are irrelevant for the Land
Utilization Type concerned.This is why the concept of a 'land evaluation
unit' has been created: a unit that offers the same possibilities for

a specific Land Utilization Type. A land evaluation unit may consist

of one or more land mapping units.

The Framework notes that variation in soils is often the main cause of
differences between land mapping units within a local area and that for
this reason soil surveys are sometimes the main basis for defiﬁing

land mapping units. This remark, which certainly holds for agriculture,
is possibly less valid when evaluation for forestry is concerned. When
evaluating the suitability for land utilization types for forestry,
several soil mapping units with less striking differences may well con-
stitute one land evaluation unit. On the other hand, for such an evalu-
ation an inventory of natural vegetation and existing forest types and
other land use, may yield boundaries for land evaluation units that

would not have been brought:- out by a soil survey alone.
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The Land Utilization Type as a part of the forestry enterprise

This may be the proper place to point out that to be of practical
value, land evaluation cannot stop at determiniﬁg the suitability of
individ?al land evaluation units for each separate Land Utilization
Type. In forestry, even more than in agriculture, three types of land
evaluation should be recognized:

i. The land evaluation dealing with the suitability of each land

evaluation unit for one or more individual land utilization types.

This is called land evaluation in the strict éense, or internal

land evaluatione.

.

i.i. The land evaluation for one or more land utilization types
(agricultural and/or forestry) dealing with the suitability of
establishing a viable enterprise, taking info account the mutual
influences of the different land utilization types that such an
enterprise may contain.

iei.i. The land evaluation dealing with the wider envirbnment, taking

info account the mutual ipfluences of the enterprise and the
environmehf. This may be seen from an ecological viewpoint as
well as from a social, economic and/or political viewpoint.

In this case we speak of an overall land evaluation.

The cohcept of 'enterprise' mentioned under (i.i.) deserves further
attention. As we are dealing with forestry we shall henceforth use the
term 'forestry enterprise', which can be defined as an economically
viable management unit. This economic viability may imply certain
requirements as to the minimum size and as to the (ecological) vari-
ation of the component parts of the enterprise.

A land utilization type for forestry may be part of a forest enter-
prise. The forest enterprise may include one or more land utilization
types for forestry. The land evaluation for the different types will
have to furnish data to optimalize the structuré and’management of the

enterprise by means of a socio-economic analysis.
A forest enterprise may have one major aim (a particular product or a
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function) or it may have more major aims simultaneously e.g. timber

production and the functioning as recreation grounds. In the case of
different aims, these may be pursued in different parts of the enter-
prise. In this case the enterprise may include quite contrasting util-

ization types.

A land utilization type for forestry may also be part of an enterprise
in which forestry is not the main activity, e.g. part of an agricul-
tural enterprise or an agricultural community. In such cases, fdrest
may be established to provide firewood and/or timber for local use
(building of houses). Ample attention to this kind of activity is

recommended, as it is of growing importance.

Land qualities

Earlier, mention was made of the fact that individual land utilization
types have their own requiréments and these have to be met by 'land
qualities'. For a good understanding of the relationship between re-
quirements and land qualities, it is necessary to express them in the

same terminology. A few examples may clarify this:

- For a good performance all Land Utilization Types need water,
though different Land Utilization Types may reduire different
quantities. The question whether this requirement for water will
be met, is answered by determining the land quality tavailability

of water'.

- A certain land utilization type for forestry, aiming at the pro-
duction of timber, implies mechanized logging methods. One of the
requirements of this Land Utilization Type is therefore that §uch
mechanized logging is feasible. The evaluation then has to pay

attention to the land quality 'feasibility of mechanized logging'

A land quality may be defined as a complex attribute of the land that
distinctly affects the performance of a certain use by meeting a par-

ticular requirement to a certain degree.
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For practical use in land evaluation, land qualities have to be graded.
This grading ﬁas to be done independently of the requirements of the
relevant Land Utilization Types. E.g. a.certain grade of water avail-
ability has been determined to be the water availability in a given
land unit. This grade of water availability may be quite sufficient
to meet the water requirements of a relevant Land Utilization Type A,
whereas that same grade may be absol@tely insufficient to meet the
requirements of another relevant Land Utilization Type B. The same
grade of water‘availability,may then render that land unit suitable
for Land.Utilization Type A and not suitable for Land Utilization
Type B.

It is often difficult to grade land qualities as they are usually the
result of a set .of interacting single land characteristics with varying

weights in different environments:

As with the requirements}'we usually - distinguish some groups of land

'quaLities. Land qualitieslthet influence the growth of agricultural

crops are also of great importance for the growing of forest trees.
These qualities, (e.g. moisture availability, nutrient availability,
oxygen avallablllty in the rootlng zone) need not be given special

attention here.

.Land qualities related to management, such' as the possibility for

.mechanization,-may‘haVe to be judged according to different criteria
than. those valid for agriculture. E;g. mechanizing - logging operations

is quite different from mechanizing in connection with the average

agricultural crop.

There are, however, also land qualities that are of interest specifi-

*cally for forestry.'Several of these could be characterized as negative

"qualltles that may only occa51onally 1nf1uence the forestry enterprise.

- But: because of the long t1me interval between planting and the maturlng

of:a tree crop, such qualltles have to be taken into account especial-

ly seriously in forestry. Examples of such qualities are:

" presence- of forest fire hazard
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presence of windfall hazard

risk of periodically occurring pests and diseases.

Special aspects of land evaluation for forestry

Land evaluation for foréstry is greatly influenced by what could be
called 'distant future-effect qualities', and this brings us to some
further special aspects of.land evaluation for forestry. In the fifst
place there are a number of aspects inherent to the long rotation
period of most land utilization types for forestry. This has conse-
quences for management. Decisions taken when a forestry enterprise

is established or renewed will have their influence for a long time.
In agriculture, a wrong management desicion may prove itself wrong:-
after one year and can then be corrected. In forestry this is often

not the case. Prudence is therefore commended when it concerns long-

term management decisions.

The possible influence of the management on a forest ecosystem after |
its establishment is restricted, if one dogs not want to run the risk
of destroying it completely. Normally, management is more a matter qf
guiding the natural processes. A good understanding of thesé processes

is therefore imperative.

The long rotation also means that several inputs that in agriculture
are usually considered to be recurrent, become non-recurrent in for-
estry. Examples are tillage and the fertilizing of young trees.
Although already casually referred to ih.the previous sections, we would
1 ike to reiterate that very many land utilization types for forest-
ry have a land conservation function. Sometimes this is their sole aim,
but in many other cases this conservation function lies within a multi-
purpose land utilization type: When land evaluation for a land use
planning is done in areas where conservation aspects are of great im-

portance, two cases can be distinguished:

a. A forest ecosystem is present and it fulfills the protection

function well. The major question then is: how can disturbance to
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the ecosystem be minimized, thereby assuring the maximum of

protection?

b. No forest ecosystem is present but cifcumstances make a prospective
form of land use imperative. The question to be answered then is
what kind of forest will function most effectively in this respect,
takinginto account the suitability of the site for the different
alternatives? The comparison of alternatives should not-stop at a
nﬁmber of land utilization types for forestry. It is entirely
possible that in given circumstances a non-forest land use can

achieve the protection function more effectively.

This brings to an end part 1. The principles and concepts discussed
above will now be used in part 2 to explain the land evaluation pro-
cedure. There is inevitably some overlap with part 1, but we hope

that this will be forgiven, as it is intended to ensure good under-

standing.

I1T. The procedure of land evaluation

Introduction

Three stages can be distinguished in land evaluation (see fig. 1)

a) The preliminary stage, in which the fundamental information for the
selection and description of land use objectives, alternative for-
es%ry enterprises and land utilization types is identified, and in
whsch subsequently the land use objectives and the terms of reference

for the land evaluation study are defined.

b) The main stage of land_evaluation, which can be referred to as the
physical land evaluation or as the land evaluation in the strict
sense.

In this_stage, the findings are used to reach a conclusion about

the suitability of a certain land evaluation unit for a certain

kind of land use.
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c) The final stage, in which the feasibility of the Land Utilization
Type is assessed taking into account the socio-economics of the

whole enterprise and its physical and socio-economic environment.

Stages b and c may be seen a5 two stages in time; they may, however
also be done simultaneously as two parallel stages. In both cases the
land evaluation can be called integral land evaluation. In this paper
the two-stage procedure will be used to illustrate the different
stages and phases.

Fig. 1 Simplified flow diagram indicating the main principles

of the procedure

Preliminary stage Human and ecological environment
- with land use objectives, terms of reference
) )

Maiﬁ stage Land use land
with its — relation -— with its
requirements ' qualities

land use suitability

Final stage ¢

e land use feasibility

The land evaluation can be used as a base for land-use planning. The
following may serve as an example.

If it was decided at the outset that due to the general ecological
conditions the project area should be used for forestry and if it is
apparent that different kinds of forest enterprises are feasible, then
a choice has to be made within the context of regional planning. How-

ever, this subject does not form part of the workshop.

The preliminary stage ~

Any evaluation of agricultural potentials needs to be based on a rel-
avant set of basic considerations and information on the physical, pol-
itical and socio-economic conditions of the study area. This set can

be summarized as:

a) the over-all development situation in the study area
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b) the over-all development objectives for the study area
c) the socio-economic aspects of the environment.
d) the over-all physical aspects of land, including existing land use

and natural vegetafion.

Given this fundamental information, the terms of reference of the land
evaluation study as well as the land usé objectives relevant in the
study area can be defined. The necessary information can be assembled
systematically using structured checklists of major and minor determi-
riants e.g. those related to: existing development plans and targets;
the produce; labour and capital.

The above points are elaborated further in paper 2.1.2. "Land Util-
ization Types for forestry". Howe?er, it should be emphasized that the
terms of reference for a land evaluation in general should include:

" area limits; general development and land use objectives; constraints
in the study‘area, also those related to the wider environment and to’
the time period during which the land evaluation results should be
relevant. This last point is of major concern in land evaluation for

forestry, more than in mest other land evaluations.

The main stage

This stage will be briefly described according to the flow diagram in
fig. 2. In the flow diagram there are 3 columns.

The left - hand column indicates land use, the right hand column

the land and its physical characteristics and in thg central column
the relation between the two is shown. Tﬁe main stage is divided into

three phases.

The First phase: When the fundamental information of the study afea
has been assembled as a result of the preliminary stage, it becomes
possible to define the forest enterbrises and their associated land
utilization types that aré supposed to fulfil the objectives. The land
utilization types are characterized by so-called key attributes, e.g-.
1) main produce (timber, firewood, pulpwood, recreational facilities)
2) kind of management (scale of operations, kind of machinery to be

used; amount of hand labour etc.)
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Fig. 2 Elow diagram indicating the different aspects to be considered
during the land evaluation Study
Political, socio-economic . present land use
m environment . and general land conditions
E )
-0 [ . Major and minor determinants, land use objectives
z and terms of reference
: !
;
5] LproJect area AJ
o)
&
Relevant forestry Land units with their
e Ientergrise Lénd characteristics
a
g Relevant land utilization
o (" types with their kind of
a requirements »
Land evaluation units and
the values of their relevant
l Criteria for the different] o . 'I land qualities
) s limitations
kinds of requirements
° Possibilities of adapting l
a - the utilization type to Matching
5 the land of
B land possibilities for w
E Ipossibilities for making | utilization improving the
«N __.improvemgnts and for |l types and land qualities N
natural improvement by land
forest growth qualities '
their criteria of the L]
8 adapted land utilization fualities after improve-
: types, in relation to: ment, in-relation to:
. )
: a) eéological limi-
z [—pecology ——————————————p4 tations, eventually - ology e
' with yield estimates
(site evaluation)
> b) management limitations
g (iﬂcludes terrain
[} emanagement—————p! classification) 4———managemen tq¢———
k-] information about :
: recurrent cost factors
c) expected land
land conservation conservation improve- land conservation
—bimpact on —> Tent or degra?atxon |¢———impact one¢—m——!
: impact on environment :
environment environment
land suitability class
for the specific land
utilization type based
on expected yields (a)
recurrent cost factors (b)
non-recurrent cost
factors for improvement
impact on the environment (c)
L
@ feasibility of utilization
g type as a part of the forest
[ enterprise also taking into
0
N account the non-recurrent
i costs of the alignmeﬁt of the
E forest enterprise and the
L] influences of the socio-

economic environment. Check*
how far the objectives are
fulfilled

{Land use planning)

197




3) influence on the environment (e.g. regulation of the hydrological
regime).
At the same time, land units (mappihg units) have to be identified in
the project area. The different utilization types have different
requirements that the land units must meet. These requirements are
partly related to management (e.g. accessibility of the terrain, possi-
bilities for efficient use of machinery etc.), partly related to land
conservation, and partly to the growth conditions such as the need
for water for plant growth; the need for nﬁtrients etc. The land char-
acteristics that are directly related to these requirements are called
land qualities. Establishing the values of these land qualities is an
important and often difficult task for the surveyor. Aerial photography
can be of great help for a number of qualities. In forestry the eco-
logical land qualities are often combined as the result of a site
evaluation and expressed as expected growth or growth class, which caﬁ

be seen as a kind of ecological super quality.

" The land dtilization types with thei; land requirements indicate which
ﬁind of land qualities have to be studied. The detail of description
of land utilization types also deterﬁines at what level of detail the
land qualities need to be graded. .

Land units that have the same level of relevant land qualities in
common can be grouped into land evaluation units (planning units),
which are the basic units for the land evaluation study. The rationale
of land evaluation units is that they meet the land requirements of a
specific land utilization type to the same extent. Logically, land
requirements and land qualities need to be defined in the same termi-

nology and dimension.

The requirements of the Land Utilization Types can be fully met by the
land qualities, (e.g. possibilities for loggiﬁg ére optimal) or only
partly met. Criteria to define classes for each requirement indicating

in how far they are acceptable have to be established.

The number of classes defined depends on the detail of the study. For
exaﬁple, the following classes could be defined for a specific re-
quirement: ’
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Requirement classes Grades of the relevant land qualities

1) near optimal grades 1 and 2
2) fairly . grade 3
3) acceptable : grade 4
L) problematical - grade 5
5) unacceptable grade ©6

The grades 1,2 etc. may e.g. indicate the ease of logging.

These criteria for the classes depend indirectly on the objectives
defined (e.g. on acceptable input for logging, acceptable volume of
wood production per ha, expected number of people using the woods for

recreation per ha etc.).

From the first phase it becomes clear how far the different require-
ments of the land utilization types are met by the land qualities or,
in other words, which limitations of the land prevent the defined land
utilization type from achieving its optimal result. In the second

phase attempts can be made to remove or reduce these limitations.

The second phase comprises the matching of land utilization types and
land evaluation units, or more precisely of land requirements and land
qualities. This might be possible by adapting the land utilization
type. For instance, it may be intended to use a certain tree species
for the land use objective 'production of firewood', because this tree
species was originally thought to be the best adapted to the climate
of the study-area. However, further investig;tions reveal that.certain
values of the land qualities related fo the soil are not optimal for
that tree species. A wider search for tree species that could be used
for firewood production leads to the cpnclusion that another species
is better adapted to the site and that the land utilization type can
be modified by replacing the originally chosen tree species‘by the

latter.

Another example is that another type of machinery or another method of
logging than that originally proposed is more suitable for the land
evaluation unit. On the other hand, modification might be possible by

improving thé land qualities, e.g. by minor dfainége works or by
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fertilization, etc. The extent to which matching is possible depends
both on. the kind of forest enterprise (the kind of input available)
and on the land (whether it is difficult or indeed possible to remove
the limitations wholly or partly).A special aspect of improving land
qualities is the improvement induced by the forest growth itself, as

is e.g. the case with the forest growth on the old heathland in the

"Netherlands. The growth possibilities for different tree species may

improve over time, and other species may be introduced as.a second or
third generation. The reverse may also be true. Plantation forest
might, under certain conditions, degrade certain land qualities. This
aspect has to be borne in mind when preparing a land\evaluation that

has to be the basis of long-term land use planning.

For simplicity's sake we have not considered here the possibility of
drastically changing the land unit by sxpensive major improvements
that have a long lasting effect, such as terracing, draining peat
soils, etc. This will be discussed in paper 2.3.1. "Physical land suit-
ability classification'". But one has to consider the influence of the
lasd conditions on the difficulties encountered when establishing or
regenerating a forest. Many land qualities, such as accessibility,
topography, depth of soil to rock, present vegetation, play an import-
ant role here. If a tropical fainforest was to be transformed into

a plantation forest in an area where labour is scarce and expensive,
the vegetation itself might even be an unacceptable constraint for
this transformation. Non-recurrent costs related to the land condi-

tions are always an important aspect to consider.

In the Third phase, the classes or "suitability criteria" for the
different land.gse requirements are compared with the different grades
of the land qualities. They form the basis for a) yield estimations,
b) estimations of the main factors determining both the establishment
costs and the operational costs (including labour and machinery,

c) estimations of cost of land improvements and the ecological effects

on the land in the study area as well as on the wider environment.
With this information one can classify the suitability of each land
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unit for each land utilization type. The result will be the land suit-
ability classification. On the basis of these results it can be. de-
cided which combination of land utilization types and land evaluation
units are worth further investigation in the final stage. The data
obtained during the land evaluation, such as yield expectations, cost
factors related to the establishment of the forestry enterprise and

those of the management costs are needed again for the final stage.

The final stage

In a physical land evaluation study, inputs, outputs and criteria are
expressed in physical terms, although as quantitatively as possible.

If the aim is also to produce an economic evaluation of feasible land
use, the physical evaluation stage has to be followed up (in a two-
stage procedure) or to be accompanied (in a parallel procedure) by a
socio-economic analysis, in which outputs and inputs are commensurated
as much as'possible in monetary terms; in addition, the extent to
which the objectives defined in the preliminary stage can be met

should be checked.

It should be realized that the final socio-economic analysis should
use the forest enterprise as its economic base and that the costs of
establishing this forest enterprise and the influences of the socio-
economic and ecological environmgnt outside the enterprise should be
‘taken into account. This land evaluation study is therefore called

an integral land evaluation study.

It is understood that the emphasis of this workshop is on physical
land evaluation and the final stage will therefore not be elaborated
further here. However, some remarks can yet be made on this distinc-

tion between physical and integral land evaluation.

Although the physical land evaluation described above is mainly a -
process of fiﬁdingvthe most suitable lands in physical terms for the
defined land utilization types, important socio-economic background

information is also used to define these land utilization types. Dur-
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ing the méin stage of the physical land evaluation, factors influ-

encing costs and benefits are emphasized.

It is clear that in the final stage where the feasibility is deter-
mined socio-economic analysis plays an important role. On the other

hand it should be realized that in this rapidly changing world, in which
changes are often ﬁnforeseeable, a socio-economic analysis can usual-

ly only be made for short-term periods. In forestry planning for long-
term intervals, the physical information therefore has an important

role to play, and in certain cases it may even be decisive.
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Summary

This paper will deal exclusively with the concept of land utilization types.
The concept is part of the FAO Framework for Land Evaluation (1976) and it
is proposed to adopt this concept for forestry purposes too. A land utiliza-
tion type describes a specific type of land use, specifying the produce as
well as other key attributes such as capital input, labour input, levels of
technology and management, scale of operations needed to pursue such land
use. In this paper the procedure that leads to a detailed description of
land utilization types will be outlined. The concept and procedure are il-
lustrated by examples of situations as they may exist in Southeast Asia and

Northwestern Europe.

Outline of the paper

The aim of this paper is to discuss what applications the concept of land

utilization types can have in forestry and to show how they can be formulat-
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ed. This will be summarized below and in the corresponding diagram (Fig. 1),

while in following paragraphs the different steps will be elaborated.

0. First, further thought will be given to the concept of land
utilization types.

1. A specific land evaluation project willvalways confine itself to
a specific area, region or country. .In order to establish rele-
vant land use objectives and land utilization types, information
on the socio—econémic, political and physical setting of that
area has to be analysed.

2. The above can be facilitated by making a checklist, the so-called
checklist of major and minor determinants of land utilization
types (Appendix 1.), in order to obtain a clear picture of all
factors, iimitations, etc., affecting land use objectives and
land utilization types. .

3. Relevant land use objectives'can be identified from the socio-
economic, political and physical conditions that have been exa-
mined (see Table 1).

4, Simultaneously, the determinants mentioned in the general check-
list that are really relevant for the selected land use objec-
tives can be identified (see Table 2).

5. The information available on the ‘'determinants selected this way
will provide the basis for defining the key attributes of speci-
fic land utilization types. The key attributes define the means
by which land use objectives can be reached (see Table 3).

6. The result will be the description ﬁf land utilization types
relevant to the land evaluation project and the study area (see
Appendices 2 and 3).

7. Each land utilization ‘type will have specific land requirements,
which need to be defined in order to match land utilization types
with laﬂd evaluation units and finally to assess land suitability

for such a land utilization type (see Appendix 3).

The concept of land utilization types

In every forest a certain number of different functions, all inhe-
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Figure 1. The process of synthesizing relevant land utilization types (adapted from Beek, 1978)

step 1 : ]
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——»
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4, Labour

5. Capital

6. Technology
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environment protection,
recreation, wood produc-
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Key attributes

1. Produce
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3. Capital intensity
4, Technology level

5. Management level

6. Scale of operations
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a) physiological growth
b) management measures

¢c) environment aspects




rent to that forest, can be recognized (growth of wood and other
products, establishment of a micro-climate, soil protection, etc.).
Society's needs for forests, wood and other férest products result

in land use objectives being formulated. These objectives can be met,
wholly or partially, by one or more of the above functions. In order
to ensure that desired objectives are indeed fulfilled, the functions
that are expected to meet these objectives can be enhanced by taking
management measures.

However, the fulfilment of land use objectives and the éxecution of
management measures may be restricted by socio-economic and political
determinants of a study area as well as by the physical characteris-
tics of the land. The land use objectives must be matched with these
socio-economic determinants and the physical characteristics to
achieve the description of specific types of land use that are con-
sidered to be able to meet the desired land use objectives. The des-
cription of such specific types of‘land use will specify outputs
(produce) and inputs as regards labour, capital etc. In the FAO
Framework these ' specific types of land use are termed 'land uti-
lization types' and in this paper we propose to adopt this term for
forestry purposes too. The term 'land utilization type' can be abbre-

viated to LUT.

Although general information on the physical characteristics of the
study area is also needed to define land use objectives and LUTs
(for instance, it would be senseless to contemplate teak production
in temperate climates) this paper will be concerned with the defi-
nition of land utilization types as far as they are determined by
the socio-économic characteristics of a study area. How more de-
tailed information on physical characteristics will determine the
selection of relevant land utilization types, will be one of the
subjects of paper 2.3.L"Physical land suitability classification".
A land utilization type is defined more precisely as: "A specific
way of using the land, actual or alternative, desc}ibed for the pur-
pose of land evaluation in the folloWing terms of key attriSutes:
1) produce, 2) labour, 3) capital, 4) technology, 5) management,

6) scale of operations. It is a technical organizational unit in a
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specific socio-economic and institutional setting (Beek, 1978).

In the past, when the suitability of land was assessed for a speci-
fic use (e.g. Pinus caribaea for timber production), usually only
the ecological relationships between site and woodgrowth or the ter-
rain factors limiting the use of equipment were emphasized. There
are, however, also other factors (such as cost of production, labour
input, etc.) that determine the suitability. The purpose of defining
land utilization types is to take into account all these other fac-
tors that also determine the requirements of LUTs in order to be
better equiped to assess and compare the suitability of specific

land units for different types of land use.

General analysis of a. study area

It has been stated above that LUTs can only be identified within the
context of a specific setting (e.g. a watershed, a region, a country)
defined by its major political, socio-economic and physical condi-
tions. These conditions will provide the scope within which the
land evaluation study has to be carried out. Of special interest in
this respect will be the following:
>~ the overall development situation in the area (present land use,
industrialization, import-export ratio, level and distribution of
income, trends, etc.)
- overall development objectives and pdlicies (employment, produc=-
tion of goods, self-sufficiency, import substitution etc.)
- general socio-economic attributes of the land (land use patterns,
land anership and infrastructure, etc.)
- general physical attributes of the land
The latter include general-information on climate, relief, hydro-
logy, soils, vegetation. Forest has strong interactions with
other attributes of land and one should therefore bear in mind
that the vegetafion is considered to be part of the land. It is
the vegetation or the forest (in which this workshop is interested)
that performs a whole range .of natural functions including protec-

tion of the environment and wood production. Some or all of these
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functions will be given more emphasis, as far as related to the
defined objectives.

- terms of reference of the study (focus and purpose of the land
evaluation study; time period during which the land evaluation

results should be relevant).

Information on the above points is necessary so that the relevant
land use objectives and LUTs can be selected. To collect the re-
quired data more systematically it may be helpful to organize these
points in structured checklists.

The gathering of this info;mation may be considered to be part of
the preliminary stage of a land evaluation study, as was explained

in the preceding péper 2.1.1. "Principles, basic concepts and pro-

cedure in land evaluation, considered from a forestry angle"

Major and minor determinants of land utilization types

'

What are the fadtors, limitations, conditions as regards the govern-
ment structur?s, capital and labour availability, infrastructure,
social and cultural traditions, etc. etc., that may affect the se-
lection of LUTs?. These kind of data which determine the land use in

the study area are called major and minor determinants.

To be in a position to make a genuine assessment of all these deter-
minants it is recommended to set up checklists covering most of them
in such detail as is needed for the purpose and scale of the land

s
l

evaluation study.

Such checklists can be structured under the folldwing headings:

l. Government (includiﬁg government structures, developﬁent obiec—
tives, politics, targets, etc.).

2. Location (includipg distances, infrastructure, transport faci-
lities, etc.).

3. Produce (including products, yields, quality, prices, demand,
etc.). ’

4, Labour (including availability, wage level, labour/land ratios,

productivity, etc.).
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5. Capital (including availability, credit institutions, needs for
investment, etc.).

6. Technology (including degree of application and availability
of advanced techniques, scale of operations, etc.).

7. Managgment (including availability of trained staff at different
levels of education, experience, know-how, etc.).

8. Socio-economic aspects of land (including man/land ratios, land

use patterns, land ownership, size of forest lots, etc.).

In Appendix 1 these eight main groups of determinants are elaborated
in furthe;.detail with emphasis on forestry. They should not be con-
sidered to make up the ultimate checklist; it is one among many pos-
sible other examples. Anyone beginning a land evaluation project

can set up his own checklist according to the specific project
(area). In the example in Appendix 1 the checklist is oriented

towards forestry.

Identification of relevant land use objectives

Within the scope of the socio-economic, political and physical con-
text of the study area and the overall development objeétives set
by the government it will be possible to identify the relevant land
use objectives more specifically. In forestry these land use objec-
tives can be indicated in terms of e.g. production of timber, fuel-
wood, recreation, nature conservation, soil and water conservation.
This can be done, of course in varying degrees of detail. In Table
1 some examples are listed in a rather general_way.(If the objective
mentioned in column 1 is the sole or dominant one the resulting
"forest use" can be given a name. These names are shown in the
third column, while at the same time these names give additional
information on the land use objective). It is obvious that when a
forest has to fulfil more than one objective this will result in a
combination of such major kinds of forest use and ultimately in a
combination of LUTs. The list is far from exhaustive and can cer-

tainly be adjusted for any specific situation.
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The selection of land use objectives will depend on the overall de-
velopment objectives and on other determinants of the socio-economic
context of the study area. The structured checklist of major and

minor determinants will help to provide the criteria needed for this

selection.

Selection and specification of relevant major and minor determinants

Not all of the major and minor determinants stated in the checklist
will be relevant for the selection of specific land use objectives
and LUTs. The selection of relevant determinants depends on the land
use objectives, while the selection of specific land use objectives
depends on the information provided by these determinants. There-
fore the selection of relevant determinants will be done at the same
time as the land use objectives are identified and selected.

Table 2 identifies which determinants can be considered to be rele-
vant for several specific land uses (nos 6, 7, 8, 10 and 11 of Table
1). The determinants stated in Table 2, correspond with the major
determinants in Appendix 1. The numbers in Table 2 (7a, 7b, 7c, 8,
6, 10 and 11) also correspond with the example descfiptions of LUTs
(presented in Appendix 2). When land use objectives can be more re-
fined or translated into LUTs, the selection of determinants can
become more specific; this is illustrated by the differences be-
tween 7a, 7b and 7c. At the same time, the relevaht determinants
have to be made more specific,lin order to provide the information
needed to define the LUTs and their key attributes. This should be
done in as much detail and as quantitatively as possible given the
available data and the level of generalization that the land evalu-

ation study requires.

Defining the key attributes of land utilization types

The relevant major and minor determinants will provide the informa-
tion needed to define HOW the land use objectives in forestry under

consideration can be fulfilled. What different levels of labour and
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Table 1. Examples of land use objeciiveu in forestry and major kinds of forest use

g
Specific land use, ne. Major kind of forest use natural vs other specifications
\ objectives in forestry man-made
! conditions
Storage of genes and/or 1 Nature conservation forest N no other use

development of knowledge

Environment protection 2 Watershed protection forest i to limit undesirable effects on
air, water and 80il inside and outside
forest area

3 'Stop the desertification' forest i as 2
4  sand dune fixation forest M as 2
Foraging 5 Foraging forest N for foraging for wood and minor

forest products for use or barter
by local people without shifting

cultivation
Recreation and 6 Recreation forest i other uses limited
tourism
Wood production 7 (Semi-~) natural forest for timber N + sN for concession exploitation by
commercial firms with natural
regeneration or with enrichment
with either indigenous or exotic
species
8 Conversion forest tN as reserve prior to conversion into
either man-made forest or non-
forest use .
Production forest for fuelwood M+ tM on a permanent or temporary basis
10 Production forest for industrial M o+ tM on a permanent or temporary basis
wood { pulp, fibre, chips, etc.).
11 Production forest for timber M Plantations in long cycle rotations
Production of other 12 Production forest for resin, N or M on a commercial basis
forest ‘products game harvesting, etc. *
Agro-forestry 13 Shifting cultivation forest N mostly combined with foraging
production 14 Agro forest for wood and M forestry and agriculture combined
food crops on a permanent basis
15 Agro forest for wood and M as 14
fodder crops
16 Range forest i forestry and grazing combined
on a permanent basis
3 * N = permanent natural .conditions; sN = semi-natural conditions
transitory natural conditions; M man-made conditions;
temporary man-made conditions; i = indifferent
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capital inputs, of management and technology are possible; what are
the limitations regarding location and socio-economic structure?

The listing and successive selection of major and minor determinants
only serve-to structure the information needed to answer the aone
questions. The response to these questions will result in the defi-
nition of the key attributes i.e. the technical, cost and other spe-

cifications of a specific LUT.

These key attributes can be described in terms of Produce, Capital,
Labour, Technology, Management and Scale of operations. They define
more precisely under what conditions the objective is supposed to be
fulfilled: how much capital is needed, how much labour will be used,
what are the precise specifications about produce, what are the re-
quirements as regards sophisticated management, etc. The detail in
which key attributes are described depends on the.objectives and scale
of the land evaluation stﬁdy, as well as on the detail of informa-
tion given by the determinants. For instance, at general levels of
planning, key attributes can be described in qualitative terms

(high, medium, low),while at the planning level of enterprises, key
attributes can be considered as operational specifications.

Let us illustrate this using the key attribute "Produce". With the
info;mation available on the determinant "Produce'" and on other de-
terminants (which produce objectives, e.g. timber.production, soil
conservation, recreation space, have to be taken into consideration,
which produce is naturally possible, what are yield targets, what '
quality and kinds of seeds and plants are available, what demand for
produce exists, what are the market restrictions) it will be possible .
to define the key attribute '"Produce!" for a specific LUT. In other
words, we can define the specific produce .of a specific type of land
use (how this LUT will satisfy produce objectives, which products and
yields are éexpected from’this LUT, what quality and kind of seeds and
plants are needed for this LUT, under what forest conditions this

LUT has to perform, how this LUT has to satisfy market demand).

In Table 3 examples of the key attribute "Produce' are presented,

as they could be valid for LUTs described in another section of this

paper. The numbers of the LUTs correspond with those in Tables 1 and
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Table 2. Relevant determinants for specific land use objectives and LUTs

Determinants inS.EASIA in N.W.EUROPE
7b 10 11
1. Government: development situation x x x
. : development prospects x x x
labour x x
production x x x
policies * x x x
status of services x x
status of organization x
2. Location: critical distances
urban influence x
status of infrastructure x x
transportation means x x x
prices inputs x
locational costs x
environment factors x x
interdependencies x x
3. Produce: removable x x x x
non-removable x x x
yields x x x x
age and condition of forest x x x x
seeds and plants x x
scale of operation x x x
destination of produce x x x
‘marginal distances to.markets x
specific demand ’ x
4. Labour: availability x x x
kind x
skill and education x x x
income x x x
conditio“nu x x x
productivity x x x
other production factors x
trends and prospects x x x
5. Capital: availability x x
present inveatment x x x
price of capital x x x
prices and policy x x x
capitat inputs x x x
investment financing x x
investment incentives x x
6. Technology: kind x x x
specification implements x x x
supply x x x
scale x x x
hazard prediction x x
marketing flexibility x x
7. Management: surveys x x
planning x x x
operational ex'perience x x x
commercial experience x
social values x
8. Land availability
{socio- ownership x x x
economic): use x
physical infrastructure x x x
: status of institutions x x x
trends ) x x x




{
2 and in Appendix 1, 2 and 3.

Examples of land utilization types

The key attributes thus defined will, when combined, give a detailed
description and definition bf each specific LUT. In Appendix 2, seven
examples of semi-detailed descriptions of LUTs in forestry are pre-
sented. Four of them are based on the situation that may exist in
the Dipterocarp regions of moderately populated areas in South-east
Asia (nos. 7a, 7b, 7c and 8) and on situations that may exist in the
densely populated and industrialized areas of North-western Europe
(nos. 6, 10 and 11). (The numbers correspond with those in Table 1).
As will be noticed, three LUTs, nos. 7a, 7b and 7c, are all examples
of the major kind of forest use: (semi~) natural forest for timber.
However, they differ consideraﬁly in their key attributes and there-
fore are considered to be different LUTs.

The difference between 7a and 7b is one of scale of operations;

the difference between 7a and 7b on the one hand and 7¢ on the

other is one of location (dry land vs swamp).

In Appendix 3 one of the examples given here, i.e. LUT no. 10: "Pro-
duction forest for short-fibre industrial wood of black poplar plan-
tations in Western Europe!" is described in greater detail.

As may be clear from the examples in Appendix 2, in many cases more
than one specific land use objective is combined in the same LUT.
Such LUTs can be called multipurpose LUTs. In forestry, multipurpose
LUTs are more likely to occur than simple LUTs; in Dutch Forestry,
for instance, it has even become a policy to give high priorities

to forests with multiple use objectives.

One should bear in mind that, as has already been stated in the
second section of this paper, in reality a forest serves by its na-
ture a whole range of functions. Some of.tﬁese funqtions will be
emphasized and given priority, depending on which specific land use
objectives are considered to be important. However, in spite of the
emphasis given to one function (e.g. wood production) because of a

land use objective (production of fuelwood), obviously, 6ther func-
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tions (e.g. soil protection) will be realized concomitantly. It
should be stressed that in this approach to land evaluation, fmulti-
ple-use objectives' and 'multipurpose LUTs' only refer to the com-
bination of specifically defined land use objectives (e.g. a situ-
ation wﬁere production of fuelwood and soil conservation are speci-
fic land use objectives that can only be combined in the same forest
and on the same land unit and where only those functions are en-
hanced which help to realize these two objectives).

The standard concept of a‘LUT only takes one specific land use ob-
jective into account. LUT no. 10 is such an example. This is more
often the case in agriculture than in forestry, facilitating the

process of land suitability assessment.

The land requirements of land utilization types

The description of LUTs provides information on the objectives and
key attributes: for what reasons and under which technical and so-
cio-economic specifications a LUT is supposed to operate.

However, in order to assess on which unit of land the LUT will per-
form best, we have to know what requirements the LUT will ask of a
unit of land.

For instance, for an optimal performance a certain LUT will require
a certain level of fertility, moisture, soil depth, size of the land
unit, roughness of the terrain, while also restrictions vis a vis
conéervation aspects have to be considered. These land requirements
are usually grouped as follows:

- land requirements with regard to the physiological growth the LUT

is supposed to achieve

- land requirements with regard to the management measures needed

for the optimal performance of the LUT

- land requirements with ‘regard to conservation aspects in order to

meet the objectives set by the LUT.

Appendix 3 gives, as an example, the land requirements perfinent for
LUT no. 10 (Production forest for short~fibre industrial wood from

black poplar plantations in Western Europe).
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Tabel 3. Examples of the

key attribute "Produce".

LUT 6

LuT 10

LUT 11 LUT 7a LUT 7b LUT 7c LUT 8

Removable
produce

Non-removable
produce

Yields

Age and overal
condition

Scale of
operations

91¢

5-8m3/ha of
forest land
of quality
timber. Less
than 0.5 m3/ha
fire wood, per
year

30% open space
for recreation
and: playground.
About 30% water
for sailing,
rowing and
fishing.
Scenery

Mixed forests,
mostly hard-
woods. In pioneer
phase 20 m3/ha/
year low quality
hardwood timber.
No prospects for
increase

No risky produc-
tion. Mainly
artificial re-
generation. No
forest or soil
degradation

Small scale from
0.25 haj clear
felling systems
mainly. If poss-
ible, selective
felling. After a
certain time
(tree height

+ 15m) choice
o crop trees
and concentra-
tion of stand
treatment in
these trees.
Extensive ex-
ploitation

20 m3/ha of 1-2 m
pulpwood logs/
per year

Pure poplar forests

By using better

genes production
can be increased
to + 25m3/year/ha

Since use of clonal

material certain
risks of diseases
or pests.
soil treatment no
degradation

Large scale (5-10

ha) operation unit

Clear felling. In
the area logs are
cut into pieces

1 or 2 m 1long.
Intensive exploi-
tation

With good

5-8 m3/ha of 40-70 m3/ha log volume 40-80 m3/ha log volume 30-60 m3/ha log volume 20-40 m3/ha log volume
quality timber. of guality timbers of quality timbers of quality timbers of quality timbers
Less than 0.5m3/¢——10-20% of veneer quality and 80-90% of saw timber quality ———— 5-10% veneer and

ha fire wood: 90-95% saw quality

per year 2 50 m3/ha in

' . poles and chipwood
fish and prawns
thatching leaves

game and fish
rattan,bamboo,resin

game and fish

rattan, bamboo,resin rattan, bamboo, leaves

Good scenery
and healthy
environment.
Possibilities
for extensive
recreation

44— s0il and water conservation » groundwater regulation

Mixed hardwood &#————mixture of presently commercial and——pditto mixed swamp awaiting conversion,

forests. unused species: commercial growth of species, growth growth as 7a, 7b.
No potential 2-2,5 m3/ha/yr bole volume, potential 2.5-3 m3/ha/yr. No increase
increase increase to 3.5-4% m3/ha/yr pt. increase to
; 5 m3/ha/yr
No risky produc- g highly mixed and uneven-aged heavy and light woods »

tion. Artificial 4————————gselactive tree fellings over minimum diameter limits —————psalvage fellings

and natural re- risk of reduction of commercially more valuable risk of soil erosion,

generation. Heal thy species in second and future cycles stands; loss of topsoil struc-

conditions in the vigorous regeneration of many tree species requiring ture and fertility be-

site release treatment of crop trees fore and after clearing
for other use

4————risk of invasion of wéed, trees, ~——»p
vines and climbers along logging
roads

Small to large 50-500 ha/year, 500-4000 ha/year 250-1000 ha/year 50-250 ha/year
scale,depending usually 200 ha/year usually 1000 ha/year usually 400 ha/year usually 100 ha/year
on species(lear @———————————cxtensive exploitation and silviculture, silvicultural—spno treatments

felling as well treatments limited to directional felling to minimize exploitation extensive
as selective damage to crop trees and release treatment of to moderately, inten-
teitling. Choice those trees sive in parts

of crop trees

and concentra- . ‘

tion of stand

treatment in

these trees.

Extensive ex-

ploitation

-____—Iﬁ



Availability
of sceds and

plants

Destination of

produce

Marginal
distances

Demand for
specific
produce

Certified seeds
and plants to be
used. Growing
planting material
in commercial
nurseries under
contract

National and
local market as
standing timber

No limitations

No knots, regular
annual rings,
straight stems,
price determined
mainly by natiomn

Certified plants
of standard
quality from
commercial nur-
series

National market
as logs or direct
to paper mill

Not more than
150 km to pulp-
wood processing
plant

diameter within
28 and 8 c¢m,
1-2 m length,
knots permitted,
is delivered to

N R

As with LUT 6 «—

National market local market and
or for export export of part
mostly as of the logs
standing timber

own mill and subsequent own mill and export of
export of {(semi)-finished part of the logs and mill
products products

No limitations ¢4——-—-——————1o0gs by road; 400 km —————%logs.and mill products

saw timber by road:600km by waterways: no limit

as with LUT 6 &——————10gs: bole surface free of bumps> 15 cm in height or radius, hollow, brittle or —0 ——»

spongy heart, not to exceed 1/4 of log diameter

exclusively natural regencration of local specics ———-e--

local market, export of
part of the logs and
local chipmill

400 km
LO km

logs by road:
industrial wood:
by road.

Chips
100 km by road

to export harbour:

~ al market market with bark .
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Appendix 1. Checklist of major and minor determinants of land utili-

zation types (an example oriented to forestry)

1. Government

NOTE:

Existing development situation: GNP, income/head for different

groups of society; general level of education, health, housing,
etc.; political system, structure, power relations; present
land use.

Existing development prospects, plans and targets, such as

projections for scales of operation, land reclamation, re-
afforestation and consolidation, forest inventories and clas-

sification (nature reserve, protection forest, other).

Labour absorption and labour income targets.

Production targets in relation to export, consumption and

import substitution of specific produce such as wood, energy,
scenery, watersupply, outdoor recreation and tourism, nature

conservation, food and fodder crops.

Policies, as regards energy, environmental control (e.g. soil

conservation, flood control, water and air qualities, buffer
zones) and legislation (e.g. felling prohibitions, use of state-
owned lands, reafforestation requirements of exploitation con-
cessions, sustained yield); financial policies as regards sub-
sidies, taxation, foreign exchange.

Status of government services: research, education, extension,

management, credit, supply of inputs, output processing, trans-
port, storage, marketing.

Status of government organization: structure, hierarchy and

relationship between ministeries, departments,,executive bodies,

planning commissions.

When reporting on major and minor determinants, a sharp dis-
tinction should be made between the present situation and the’
options for development. Determinants should be assessed as
gquantitatively as possible and be reasonable, given the scale
and terms of reference of the project.
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2. Location

* Critical Distances: residence to campsite, campsite to food-

market/heélth service, campsite to working place in the forest,
campsite to wood-marke{/processing point and mill to sales/ex-
port point, servicing/repair centre to forest.

* Urban influence: availability of labour, turnover of personnel

to urban workshops, distances.

* Status of infrastructure: types of roads, road density, sur-

facing, maintenance; hazards such as susceptibility to obstruc-
tions e.g. snow, flooding and léndslides; raftability of riveré
in different seasons; number of ferry-crossings; regulations
negardihg weight of vehicles, speed limits, tolls; capacity of
harbours and airports. .

Means and cost of transportation: external (road, rail, river

or combinations), internal (dragroads, railways, skidding,
cable-yarding); by own, hired or contracted equipment; trans-
port losses‘due to decay, long transporting time, poaching;
cost of transportatioh (external and internal); cost of inter-

mediate handling, storage.

* Availability and local prices of inputs: cost of new and second-

hand equipment; distance to second-hand markets, to fuel-~-depots;
available water-supply (paper); variations in prices compared
with other areas.

" * Other locational costs: land premiums, land taxes, boundary

maintenance.

* Environmental factors: topographical features (steepness and

irregularity of relief, roughness of terrain); advantages com-
pared to other areas (healthy mountain areas versus hot tropi-
cal coastal swamps).

* Natural interdependencies with other areas {(subsurface water

storage, water supply, drainage, erosion and flooding impact

on down-stream areas; effect of deforestation upstream.
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Forest produce

* Removable produce: timber, industrial wood, firewood, charcoal,

leaves and branches, bark, fruits, resin, game, fish, hoﬁey,
rattan, bamboo, medical plants, wood-carving products.

* Non-removable produce: healthy environment, soil protection,

space for recreation, knowledge about natural ecosystems, gene
storage, grazing possibilities, land for shifting cultivation,
water supply, scenery.

* Observed and potential yields: from mixed or pure forest, from

hard woods or conifersj; potential yield increases, trends.

* Age and overall condition of forest in relation to specific

produce: defects; possibility for natural or artificial regene-
ration or coppicing;lphytosanitary conditions (required treat-
ment for improvement); environmental conditions (degree of
forest degradation); degree of tree stocking; quality of spe-

cific produce.

* Scale of operations required in relation to specific produce:

félling systems, quality of produce, exploitation intensity.

* Availability of seeds and plants: quality and source of seeds;

commercial, certified or selected seeds; existence and quality
of commercial, government or other tree nurseries.

* Destination of produce: own saw mill, local or national market,

export; raw, semi-final or final product.

* Marginal distances of specific produce to input and output

market: dependent on form, size, quality and on prices of semi-
and final products.

* Demand for specific produce: on local or national market;

quality and quantity required; export prospects; shipping,
government export regulations; competition with other countries;
income  and price elasticities; prices and price structure of

outputs, trends.
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Labour

Availability: total; labour density: man/land and man/capital

ratios per operational unit, e.g. family, farm, cooperative,

forest‘entérprise, communal forest land; differences per region;
competition with other sectors; seasonal distribution; mobility
of labour.

Kind: male, female, child, cultural and social restrictions;
full-time or part-time; local or migrant; on/off-farm.

Education and specialization: skills; available and required

as afforestation, road maintenance, harvest and other operations.

levels; existence of various levels of education facilities;
motivation and work attitudes in government and other institu-
tions.

Limits to scale of operation due to labour availability and

distribution in relation to various forestry activities such

Labour income: in forestry but also in other sectors; per unit

of land,' time or capital; labour income from forestry activi-
ties as a percentage of income derived from other activities.

Labour conditions: existence of government or other, cultural,

regulations; strength and behaviour of labour organizations;
preference of labour for specific kinds of work; status of
labour in forestry activities; value of leisure as compared to
labour.

Labour productivity per time unit, per-unif of land, per unit

of invested capital.

Relationships with other production factors: capital invested

per labour unit; available and occupied land per labour unit;
effective animal and/or mechanical labour inputs.

Trends and prospects relating to above-mentioned aspects.
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Capital

Available and invested capifal per operational unit and per ha.

Present capital investments in roads, bridges, buildings, in

plant and equipment and in drainage/water-regulation; value of
these investments.

Price of capital for investment and financing: interest rates,

inflation, alternative investment opportunities; amortization,
annuities, taxes; in forest operations, in forest protection,

in processing; trends.

" Price structure and policy: free or state-controlled market,

control of maximum prices, quota control, import and export
regulations; difference between nominal and real exchange rates
of foreign currency; shadow priqes; price ratios of inputs and
outputs; observed trends.

Availability of capital inputs: non-recurrent and recurrent in-

put; availability for maintenance and repair of machinery and
equipment; qualify; scarcity; prices, kind of availability
(own, hired, contracted, purchased); locally available or to be
imported.

Investment financing: existence and willingness of development

banks to invest; existence and status of credit institutions;
credit regulations and conditions; alternative investment op-
portunities.

Investment incentives: government subsidies, temporary tax

exemptions, tax rebates for re-development (planting); soft

loans; investment conditions.
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Technology

* Kind of techniques applied: use of fertilizer, insecticides,

herbicides; ‘shortwood, treelength, full and total tree har-
vesting cohcépts, at different levels of mechanization; inten-
sity of labour used in foreétﬁoperations.

N

Specification of available traction and implements: manual and

animal power (hand tools, horses, oxen); manually operated
machinery (brushcutters, power saws, insecticide sprays);

traétor—operated mobile and semi-mobile machinery; stationary

‘machinery.

Supply of readily available and applicable techniques: choice

. of systems and mechanizational level; availability of implements

machinery and spare parts; availability of educational facili-

-ties for forest workers and machine operators; physical pro-

perties of land; capital/labour situation; status and orienta-

tion of research and educational facilities.

Scale 'of operations required for the application of specific

'technigues: technical components: machine manoeuvrability,

character of .operations (selective vs clearcutting); economical

component: machine utilization costs.

* Predictive capacity of climate and other environmental hazards:

Presence and sophistication of research and 'routine! institu-
tions; quality and density of network for recording data on
climate, soils, vegetation, hydrology, erosion, fire, etc.

Predictive'capacity of market fluctuations and price relation-

ships: access to international and national information sources;
sophistication of data handling; flexibility to adapt to

changing situations,
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7. Management

* Surveying and inventory; experience with survey-flying, aero-

photograph interpretation, air-calls, ground-calls, sampling'

and mapping.

* Planning; necessary know-how and experience at different levels

in relation t; 4

‘a) formulating goals, ways, time limits as regards: orientation
of specific produce components and overall production;
harvesting and regeneration methods; tracing and constfucév
ting roads; recreation facilities.

b) determining requirements of:men, machines, buildings, logis=-
tics, short-term and long-term credit in relétioh to time
limits and seasonal ‘availability. -

c) degree oficentraiization of management decisions; communi-
cating systems; freedom of timing of operations. ‘

* Operational experience

a) capacity utilization of men and machines: efficiency in use
of specific inputs; feeling for the use of equipment; degree
of specialization; technical experience; feeling for social " . |
contacts and stimulating people; care of personnel; beéfing
isolated living conditions.

b) processes and network planniﬁg: level and organization of
broduct processing; feeling for timing ofloperations related
to climatic variation; feeling for the tolerance for specific
operation of trees and forests; feasibility and adoption rate
of new techniques; ability to absorb inefficiency. ‘

c) efficiencies in specific operations such as access and
transport system, forest protection against insects, di-
seases and fire, site improvement (fe;tilizer'use, irriga-
tioh/drainage, tree species composition). ‘

* Commercial experience in marketing and storage; capacity utili-

zation of capital and money affairs.

* Specific social, cultural and religious values: individual atti-
tudes and outlook; solidarity and other group attitudes;. public

relations (information and interpretation).
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Land (socio-economic aspects)

* available land per inhabitant: man/land ratio

* land/ownership and land tenure; transferability of land titles,

security of land titles; land prices and trends; extent and use
of community lands, extent of government land and national
parks, reserves; ethnic claims on land; land tenure systems;
status of unused land and amounts available

* land use: patterns, rotational cycles, shifting cultivation;
existence of extensive grazing in forest areas; legislation
and rights of local population as regards use of government
owned (forest) land; traditional division of tasks between men
and women; need for subsistence food crops

* status of physical infrastructure; form and size of land parcels,

farm sizes, size of operational units; percentage share of
different farm size groups

* status of institutions and legislation; cadastral and extension

services, water board, irrigation authority; soil conservation
law and services, forestry laws, regulations on grazing; govern-
ment strength in implementation and execution of laws; credit
facilities.

* trends in land prices, farm size, land occupation, land produc-
tivity, changes in land use, trends in scale of operations,

land use intensity.
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Appendix 2. Examples of land utilization type descriptions *

N.B. One should bear in mind that the LUTs presented below are only
intended to give more concrete examples of what terms LUTs can
be described in. They are not ﬁeant to be the precise represen-
tation of an existing situation. Furthermore, it should be re-
alized that, although the land use objectives can remain the
same, another LUT is defined when one or more key attributes
are chénged‘in kind or dimension, as is illustrated for those

in example no. 7.

6. Recreation forest in densely populated areas in North-western

Europe

A land utilization type of mainly man-made forests near concentra-
tions of population, with as main objective the production of space
and agreeable forest environmenf for leisure and recreation (produce).
At the same time this utilization type produces wood from slow-
growing hardwood speciés and of high quality, and wood for industrial
utilization and/or fuel. Labour both skiiled and not-skilled numbers
per ha depending 6n the type of infrastructure, about 1.5 manyear

per 100 ha. Level of capital investment is high, because of costs of
structure and degree of mechanization. Level of management is high,
mainly because of the planning of forestry work, the intensity of
visits, the planning of the recfeation facilities, public relations
and the financial organization. Supérvision by university-trained
foresters requires.at least an area of 5000 to 10.000 ha. Since the
average area of a recreation forest will rarely be more than 500 ha,
combinations have to be made. Technology for establishing and tending
is simple and advanced for harvesting and transport. Scale of forest
operations is small to promote diversity of the area (0.25 ha). In-
”coﬁe'from wood and recreation facilities. Costs mainly for mainte-

-nance ,of ﬂnfqutructufe and for a very small part for forest work

1

¥ ihe~humbéfs correspond with those in other téblés of this paper.
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such as planning and thinning. Wood production on 30% of the areéa.
Wood production in forest areas is about 5 to 8 mj/ha/year. Abbut

1/3 is open space and another 1/3 is water. < '

‘7a. Small-scale Timber Concession in the South-east Asian Diptero-

carp forest region

A land utilization type of natural dryland forests with wood
production and soil and water conservation as‘main objectives.
Major préduce is quality timber for sale as logs on open market,
usually in small quantities at a time (less than 100 m3 as in-
dividual sales). Minor produce of rattan, bamboo and stakes is
of importancé. Labour; Semi—skiiled under skilled foreman,
numbering 10-30 persons. Level of capital investment is moderate:
at most US § 250;000 and substantially less if‘only secondhand
machinery is purchased. Level of managemént is intermediate
without regard for continuity of log production durihg wet pe-
riods.

Forestry Department supervision of the management of applied
‘selective tree fellings only édequate when arranged for a number

of smaller concessions combined in one work area. Technology is

of intermediate level, operators mostly using secondhand machi-

nery of older type (especially army surplus with winches fitted

and adapted for log extraction). The scale of operations is in-
dicated by a concession égreement over 400-4000 ha for a period
of 3 to 12 years; the minimum annual felling area is 125 ha for
a production of 5000 m3 logvolume per yeaf.»Fbrest machinery
consists of 2-5 vehicles. Foreét access roads are of dry-weather

use only. There is no river-rafting of logs.

7b. Intermediate scale Timber Concession in the South-east Asian

Dipterocarp forest region

A land utilization type of natural dryland forests'wifh wood

production and soil and water conservation as main objectives.
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Major produce is quality timber for own industrial processing,
minimum 25,000 m3 log volume per year. Minor produce includes

rattan, kopal and game individually collected by local people.

Labour in forest operations is skilled and semi-skilled, mini-

mum 75 persons. Skilled and semi-~skilled labour in processing,
marketing and transport outside the forest, totalling at least
200 persons. Level of capital investment is high: at least US §
1.25 million in forest operationé and US $ 4 million in proces-
sing. Management is advanceéd and specialized, particularly for
the building of forest infrastructure and the organization of log
transport. Forestry Department supervision of the management of
applied selective trée fellings requires at least one staff
member attached to.the concession management of at least 3 staff
members in forest operations. Technology is of a high level,'
forest operations making use of the latésf equipment, including
articulated wheeled vehiclés and cable/winch systems.

The scale of operations is indicated by a concession unit of a’

minimum of 20,000 ha in a 30-year felling cycle, a permapent
forest-road building programme for at least 60 km, and a forest
machinery of at least 10 vehicles. Forest machinery workshop
constitutes at least a 10% cost component. There is no river-

rafting of logs.

Swamp Exploitation Forest.in South-east Asia

A land utilization type of natural peat-swamp forests with wood
production and (ground) water-regulation as the main objectives.
Major produce is quality timber, partiy for own processing and

3

partly for sale on open log markét, minimum 10,000 m~ log volume
per year. Minor produce include thatching leaves (attap) indi-
vidually collected by local people. Labour in forest operations
is semi-skilled to unskilled, minimum 40 persons. Skilled and
semi-skilled labour outside the forest in processing and sales,

totals at least 50 persons. Level of capital investment is mode-

rate to high: at least US $§ 750,000 in fbrest operations and
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"US $ 1.5 million in processing.

-Managemenf is advanced and specialized, particularly in the
- operation with movable swamp-rail tracks for log extraction.

Technology is of intermediate level, operations involving only

diesel rail-locos and tow-boats for pontoon hauling. The scale

of operations is indicated by a concession unit of a minimum of

10,000 ha in a 30-year felling cycle and a forest machinery pool

of at least 2 locos, 1 tow-boat and 2.pontoons. No permanent

access is constructed.

8.

10.

Conversion forest in South-east Asia

A transitory land utilization type of natural forests in the pro-
cess of replacement by other land use over a period of 1-2 decades.
Major produce consists of quality timber for sale on. open log‘
market and industrial wood (chipwood, stakes and scaffolding
poles).for‘local use. Minor produce includes rattan, bamboo and
leaves individually collected by local people. Labour semi-skil-
led underAskilled foreman, numbering 10-75 persons. Level .of capi-
Eil_investment‘is moderate: US $ 250-500,000 mainly in secondhand
machinery.

Level of management is low to intermediate, virtually without
Forestry Department supervision. Technology is of intermediate

level. The scale of operations is indicated by a salvage agree-

ment over 1000-5000 ha for a period of 4-6 years; the minimum
annual felling area is 250 ha for a production of 10,000 m? log
volume per year. Forest machinery pool consists of 4-10 vehicles.
Permanent access roads constructed in the area are taken over,
after due cbmpensation, by the land development agency. Thefe is

no river-rafting of logs.

Pulpwood production forest with poplar in Western Europe

A land utilization type of man-made_foresté with a fibre wqéd

production objective. Major produce is timber‘fqr-snort—fibre
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pulp for papermaking. Minor produce of tiﬁber for -packing. Skil-
led labour numbering 0.8 man/year per 100 ha. Level of capital
investment is moderate to high, because of mechanized harvesting.
Level of ﬁanagement'is intermediate, because o6f its simplicity.
Supervision by university-trained foresters requires an area of
at least 10,000 ha. When suitable iand units are not that large,
smaller land units have to be combined. ‘

Technology is high level, due to sophisticated harvesting machi-

nery, road maintenance machinery and transport facilities. Scale

of forest operations is on a large basis - at least 10 ha per
unit - rotation 10 years, production 20 m3/year/ha. Infrastruc- .

ture of unpaved, but often sand-improved forest roads at around

200-300 m spacing.

11 . Timber 'production forest in North-western Europe

A land utilization type of man-made forest as well as converted
more or less natural forests, with wood production and water-
and envirdnment—conserving objectives. Major produce of quality

timber from hardwood species (oak, ash, beech, maple, etc.). “

{ Minor produce fuelwood, game, fruit. Labour semi-skilled under
skilled foreman, numbering 1 man-year per 100 ha.

Level of capital investment is moderate to low, because of long
rotations while most work is done by hand, or partly mechanized.
Level‘of management is high to moderafe, because of complexity
of stand treatment for quélity-timﬁer. Supervision of university-
trained foresters for tree selection and treatment of stands'
requires. a maximum area of 5000 ha. Units of this land utiliza-
tion type should be at least 1000 ha, so combinations have to be
made.

Technology is of intermediate level. Operators use maéhihery for
establishing stands, harvesting and road maintenance.

Scale of operations is of medium scale, units of 1 to 5 ha.

Rotation is mostly long: 80-120 years. Production averages

5-8 mj/ha/year.
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Appendix 3. Detailed description of the LUT no 10

Production forest for short-fibre industrial wood from

black poplar plantations in W.Europe

N.B. This more detailed description of a LUT is also only hypotheti-
" cal. It should not be considered to be the representation of

such a LUT.

Objective: Maximum feasible short-fibre pulpwdod production at

lowest possible costs.

Key attributes:

Produce/ species : Populus euramericana
removable : 2 m pulpwood logs, excl. branches and
bole wood. Critical diameter 7 cm.
yields : minimum 15 m3/Y/ha
average 20 m3/Y/ha
age/condition : rotation 10 year, full. tree stocking,
no pruning, no thinning
scale of : enterprise min. 500 ha
operations operational unit 5 ha,
clear-cut
destination : pulp and paper mills
Labour/ availability : about 0.8 man-year per 100 ha, skilled

with planting, harvesting and internal

transport
kind : full-time adult males

education : skilled from forestry school and elemen-
tary school ‘

income : . determined by C.A.O.

conditions : 4O-hour week and vacation regulation,
safety regulations

productivity : 0.7 man-hours for the production of

1 m3 wood
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Capital/

available and
invested cap.
present cap.
investment
price of
capital

price
structure
total inputs
investment
financing
investment

incentives

Technology/kind of

techniques

specifications

supply of

techniques

climate and

hazards

Management/surveying

planning

operation

high

high (in equipment)
average 10%

free market price
restricted interest, because of low earn-
ing capacity through high wages

subsidies for establishment, management
and accessibility for.recreation. Income-
tax exemptions
fertilization, weed control, short wood
harvesting (100 x 200 cm logs), high level
of mechanization

manual power (planting) and mechanized
(harvesting and road maintenance), trac-
tor-operated fertilization and weed con-

trol

training facilities in special courses
for forest workers

no special measures needed

preparation of management maps,continuous
forest inventory for estimation of incre-
ment

formulating objectives

planning production processes

planning infrastructure

work planning

supervision of decision making

high capacity in utilization of men and
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experience

efficiency
transport
system
efficiency
protection
efficiency
site
improvement

Scale of operations

equipment, technical experience, specialized

in harvesting, transport and road management,
capable of cooperating in technical teams.,
much expérience in developing transport

organizations

familiar with diagnozing diseases and
pests, and their control
familiar with fertilization, drainage and

soil prebaration

minimum area for operations 5 ha; internal
roads distance 200 m, main roads paved;

critical distance from papermill 150 km

Land requirements of LUT no 10

"Production forest for short-fibre industrial wood from blabk poplar

plantations in Western Europe'.

Land requirements for growth.

l. Mineral soils

2. organic matter > 3%

3. lutum (< 2 micron) > 3%, < 40%

L. available water >125 mm

5. groundwater 'table 2100 cm

6. rooting depth 280 cm

© 7. total P_O_>k0 mg/100 ¢ of soil

. 25
8. total N»0.10%

9. N organic matter~>3.00%

10. adequate K supply

Land requirements as regards forest operations

(exploitation with power saws or harvesting machines; forwarders)

1. Ground roughness: smooth-rough (average distance between obstacles

>3 metres)
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2.
3.

steepness < 20%

capacity for traction/flotation: on friction and cohesion soils
(excluding uphill transport on cohesibn soils)

Opening-up of forests: possibility for constructing unpaved, but
in many cases sand-improved forést roads at around 200-300 m
spacing; stands with temporary strip roads 4 m wide at 20 m
spacing or less; provisions for forwarder passing over ditches,
drainage systems, etc. '

land unit homogeneity: > 500 ha

restrictions as regards conservation aspects.
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Stand of Pinus radiata in Southern Australia.

3.2 Papers on "Land evaluation, a new approach'; Session 2, November 11,

Tuesday

"Land qualities and their relationships with the land use requirements

of land utilization types"

Chairman: W. Kilian; Rapporteur: R. van der Weg

- B. Lundgren

Land qualities and growth in the tropics
- H. Loffler

Land qualities and forest operations
-~ D.0. Nelson

Land qualities and conservation
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LAND QUALITIES AND GROWTH IN THE TROPICS

B. Lundgren

Swedforest Consulting AB, Solna, Sweden

Sﬁmmarz

The characteristics of the land available for forestfy“development in the
tropics differ in many important aspects from those of temperate regiﬁns.
Nutrient and water avéilability, i.e. the land qualities most directly
related to growth, depend_to a considerable extent on instable land
characteristics such as organib métter,‘pH, porosity, etc. Since these are
very sensitive to management it is not advisable to try to base land-qual-
ity/growth predictions on pre-management survey data only. Equally essen-
tial is to assess the dynhamic long—term interaction between growth, land
qualities and management. This will require, among else, continuous moni-
toring of land characteristics and systematic trials to an extent that is

unknown in tropical forestry today.

Introduction

Trees require water, nutrients, light, suitable temperatures, carbon dioxide,
oxygen and anchorage to grow. The relative importénce of these factors vary
with species and geographical location. Land qualities related to growth,
"ecological qualities” according to BENNEMA and van GOOR (1975), may be
defined as mechanisms and processes by which these factors are made avail-

able to plants.

It is hardly feasible to try to make a comprehensive review of land quali-
ties important to growth of all types of forests in all enviromments - it

would only lead to generalised restatements of well-known, fundamental
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physiological and ecological growth relations.

The scope of the discussion below has therefore been limited to:

- tropical enviromments in which rainfed forest growth is possible,
- forest land use for bulk production of wood,

~ climatological and pedological land qualities influencing water and

nutrient availability and, thereby, growth.

Finally, emphasis is rather on highlighting some important and specific
dynamic interactions between land qualities, growth and management in the
tropics and how to evaluate these interactions, than to produce an ex-

haustive catalogue of important land qualities.

Forestry land use in the tropics

Forestry in the tropics

The demand for wood increases reapidly in tropical developing countries

as a result of an increased use of firewood and other household wood by an
increasing population, and also as a result of an increased demand of in-
dustrial wood. At the same time, the area of tropicél forests decreases,

in some countries and regions at an alarming rate. In the drier tropics it
is mainly the increased wood use that causes the retreat of tree vegetation,
in the moister tropics it is the clearing and burning of forests for agri-

culture.

Over the last century many silvicultural attempts have been made to manage
natural forests on a sustained yield basis. Most of these attempts have
failed economically, and today practically all syqﬁematic utilization of
natural forest wood for industrial purposes in the tropics is exploitive
in the sense that none or very limited efforts are made to secure a high

value natural regeneration.

Instead, govermment forest departments, private companies, international

aid organizations, and even farmers, rely increasingly on forest plantations
for the long-term supply of wood. This is a rather recent development and

it is only during the last two decades that manmade forests have started to

play a role in the economies of some tropical countries. The expansion is
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rapid, however, and today some 90 tropical countries possess smaller or

larger areas of plantations of tropical pines, eucalypts, valuable and/or

fast-growing hardwoods and wood legumes.

Still, the total area is comparatively small - around 8 million hectares,
all types of plantations included — but it has been estimated (LANLEY &
CLEMENT, 1979) that by the year 2000 there will be 16 million hectares of
industrial plantations alone in the tropics. If it is assumed that the
rate of increase of non-industrial plantations (mainly for firewood) will
be of the same order as that of industrial plantations, the total area of
plantations in the -tropics will be between 25 and 30 willion hectares at

the turn of the century.

The need for developing land evaluation methods, including methods of
assessing short- and long-term land quality/growth relations, is therefore
urgent. Today, plantation establishment, even on a very large scale, is

rarely preceded by a systematic land evaluation.

Types of forest land

Although there are important local exceptioms it is permissible to make
two generalisations on the types of land presently under forest and poten-

tially available for plantation establishment.

"One is that closed forest today mainly remains on land with low potential
for permanent agriculture, either due to low soil fertility, to steep
slopes or to seasonal flooding. This is because human settlements and
agricultural development and, consequently, the removal of forests, in the

"past have been largely decided by land potential.

The other is that in most developing tropical countries, food and cash
crop agriculture takes precedence of forestry in practically all land de-
velopment considerations. This means that large scale expansion of planta-
tion forestry will mostly take place on land with more or less pronounced
physical limitations to permanent agriculture. This is partly in contrast
to the conditions where plantation forestry was first introduced, e.g. in
the high potential uplands of East and Central Africa and in South Brazil.
The success of these early plan;ations has been a major source of inspira-

tion to govermments and companies now embarking on large schemes.
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The most important implication of these generalizations is that land evalu-
ation for tropical forestry, be it for intensified utilization of natural
forests or for afforestation, must concentrate on, generally speaking, low

potential land.

Forestry-specific land use characteristics

It is often claimed that plantation forestry in general is a suitable form

of land use on low potential tropical land because forests and woodlands

normally constitute the natural and ecologically well adapted vegetation
on these lands. In reality there is only ggg.siénificanf similarity as
regards the interaction between the physical enviromment and vegetation/
management - a plantation which has closed its canopy creates a micro-
climate similaF, but not identical, to that of a natural’forest. In all
other respects they are different and not more similar to each other than

a savanna is to a wheat-field.

Compared to agricultural forms of land use intensive forestry operations
for wood production are often on a larger scale (érea-wise), the end pro-
ducts are bulkier and more heavy, the time between investment and harvest
is longer, leading to larger eéonomic risk, and the profitability per unit
area is lower. These differences normally lead to three important implica-

tions with fegard to land management and land evaluation:
- heavy input in soil management is apparently unattractive,

- it is not econoﬁically possible to adapt management methods to too small-

scale and subtle variations in land qualities,

— use of heavy machinery is more or less necessary in land. clearing and

logging/extraction operations.,

Thus, intensive forestry in the tropics, involving either entirely man-made

plantations or regularly clearfelled and regenerated natural forests, is a
form of land use clearly distinct from both natural forest cover and from

agriculture.
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Land characteristics in the tropics

Typical features

Land characteristics of the tropics, and thereby land potential and land-
quality/growth relations, differ in many important ways from those of tem-
perate regions. For reasons of land use history and priorities intensive.

forestry is likely to be developed on a large scale only on land where:
.- rainfall exceeds 500 mm,

- where spoils do not impose serious, immediately apparent restrictions

(too shallow, too saline, water-logged), and
- where soils do not have a high potential for agricultﬁre.

The remaining areas, which cover well over 60% of the total area of the
humid (22000 mm rain), sub-humid (1000—2000 mm) and semi-arid tropics
(500-1000 mm), have got many land characteris;ics in common, most of which

seriously restrict their land potential:

- temperatures are high and uniform throughout the year resulting in high
potential photosynthesis rates, in rapid decomposition or organic matter,
in intensive weathering of rocks (in the presence of moisture), and in

high evapotranspiration rates,

- the variation in annual rainfall is high, normally with a range of 50% -

1507 around the mean over a 30-year period, often much higher,

- the variation in monthly and seasonal rainfall is extreme; droughts

" often occur in "wet" seasons and torrential rains in "dry" seasons;

-'rain intensity (i.e. amount of rain per time unit) is very high (also
in the dry tropics),'consequently the erosivity of rains. is very high in

the tropics,

- with a few exceptions, soils in these areas have a very low inherent fer-
tility due to long and intensive weathering and leaching, and to the low

nutrient retention capacity of kaolinitic clays,

- with a few exceptions, the combination of structural instability of the
topsoils and the high intensity of rains makes erosion a primary limiting
factor to land development,
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- the water retention capacity of many soils is low, which, in combination
with high evaporation rates and uncertain rainfall make drought damage a

major limiting factor, also in the humid tropics,

- fertility, structure (i.e. infiltration capacity) and water retention of
topsoils are all highly dependent on the organic matter content of the
soil, and, since organic matter is easily lost, they are highly sensitive

to mismanagement.

Land with these characteristics coincide well with areas where shifting
agriculture is the dominant form of subsistence land use. In no such re-
gions of the tropics (except on nitosols) has it yet been possible to
introduce high-yielding forms of sustained agricultural production outside
well equipped and staffed research institutes. Only with very high inputs
of soil and crop management has it been possible to profitably produce

such plantation crops as rubber, oil palm, tea, coffee and cocoa.

Stable and instable land characteristics

As a result of the rapid biological and chemical processes, the high in-
tensity rains, and the organic matter-dependent topsoil structure and fer-
tility of tropical "forest land", it is much more essential in the tropics
than in temperate regions to assess the dynamic interaction between manage-
ment and land qualities in land evaluation. In order to systematize this
assessment and the interpretation of survey data on land characteristics,

it is a useful approach to distinguish between stable, or ummanageable,

and instable, or manageable, land characteristics. This is exemplified in
table 1. It should be emphasized that this is only a generalized subdivision
- a characteristic which is listed as instable/manageable is not necessarily

easy to manage, or one that is stable/unmanageable in, forestry may be man=-

ageable in other forms of land use.

Land qualities and growth

General relations

For reasons of clarity one may distinguish between three groups of land

qualities influencing growth:
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TABLE 1. Examples of stable and instable physical and biological land characteristics

1. Stable, unmanageable

2. Intermediate

3. Instable, manageable
characteristics

characteristics
Climate Macroclimatic features, e.
' gross rainfall, temperatures,
winds, evaporation
Geology All geological features

Topography All topograrhical features

depending on geology

Soils Profile texture, mineralogy,
total soil depth, hardpans
at depth, internal drainage

Biotic features

vegetation &

animals

Hydrology Drainage pattern, flow charac-
teristics of larger rivers
originating outside land

area

Some local climatic features,
e.g. temperature, throughfall
transpiration

Meso- and microtopographic
features 'depending on soil
deposits -

Topsoil texture, subsoil fer-
tility and organic matter,
shallow hardpans, subsoil
water holding properties,
subsoil toxicities

o

Groundwater .levels and fluc-
tuations, discharge pattern
in smaller rivers originating
outside land area

Some microclimatic features, e.g.
soil surface temperatures, wind,
rainfall energy impact

Topsoil organic matter and nutri-
ent levels, CEC, structure, in-
filtration rates, topsoil water-
holding properties, porosity,
topsoil toxicities, pH

All biotic elements and ecologi-
cal features related to them

Water quality, quantity and sea-
sonal flow pattern of smaller
streams originating within land
area




- those influencing the supply of nutrients,
- those influencing the supply of water,

~ those providing a rooting medium and anchorage.

Individual land qualities can sometimes be estimated or measured directly,
e.g. the amount of plant available moisture in the root zone of the rate of
nitrogen uptake by the trees at any particular time. However, such measure-
ments are often timeconsuming and complicated why land qualities are often
described by means of more easily measured land characteristics, e.g. rain-

fall and soil porosity values or amount of nitrogen in the soil.

The influence of any particular ecological factor on growth follows a four-

phase relation:
- below certain levels they totally prevent growth,

- at sub-optimal levels they limit but do not prevent growth, i.e. an in-

crease in the level will positively affect growth and vice versa,

- at optimal levels increases or decreases will not significantly affect

growth,

- at high levels the factors again limit and eventually prevent growth

(e.g. by toxicity, water logging, etc).

Not only nutrients and water influence growth in this principal way but
also light, temperature and C02, but these are of less practical importance
in land evaluation since they are stable, not manageable and, in the trop~-

ics, rarely growth-limiting characteristics of the land.

The assessment and rating of land qualities in relation to growth is very
close to, or even identical'witﬂ, site evaluation and site classification

in conventional forestry terminology. With the development of computer
techniques site/growth research has advanced tremendously over the last
decades. An almost unlimited amount of data on land characteristics-can

now be statistically analysed, and complicated multiple interaction and
principal cdmponent growth relations can be established. However, these
techniques, as well as systematic site evaluation in general, have mainly
been developed in northern temperate regions of the world and are, con-
sciously or unconsciously, based on the assumption that site/land character-

istics are stable. This assumption is basically correct for temperate land
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normally used for forestry. Fertility, for example, is mainly dependent on
mineralogy and the rate of release of nutrients from the mineral reserves,
which are "unlimited" in the time perspective of economic forestry, and on
the rate of decomposition of humus. The form}of humus and’its rate of de-
composition depend as much on stable climate/mineralogy-factors as they do
on vegetation/management—factors. Humus-dependent fertility may indeed
change as a result of management (cf. the "spruce'problém" in Europe) but
the change is slow and, more important, it is not irreversible. Erosion is
seldom a problem in temperate forestry, partly because most forest soils

are not erodible, but mainly because rainfall is not erosive.

On the type of land where intensive forestry is likely to expand in the
‘tropics, the basic assumption of stable site characteristics and site
growth relations, is not valid. It is not advisable to use site-growth

relations based on a "before-management-survey '

uncritically for the pre-
diction of yield in land evaluation. Important land qualities may change
quickly and drastically, and sometimes irreversibly, as a result of manage-

ment.

Evidence from studies and trials

Though the number of reported site/growth studies and fertilizer trials in
the tropics proper is still rather small, it is rapidly growing (for com-—
prehensive reviews see LUNDGREN, 1978 & 1980, and SCHUTZ, 1976). It is
apparent that land qualities/growth relations are as complex in the tropics
as they are anywhere wlse. The interaction between climatic, soil and topo-
graphic factors in making nutrients and water available to plants may be
comparatively easy to analyze statistically with modern computer techniques
but it is not always easy to interpret such relations ecologically and draw

relevant management conclusions from them.

A statistically significant correlation between growth and a particular
land characteristic may only represent part of the true land quality/
growth relation. It is only valid as long as other characteristics in~
‘fluencing the same quality remain unchanged. A mathematicai regression
between rainfall and growth, for example, is only valid as‘long as water
- infiltration into the soil and soil porosity conditions are not significant-
ly changed. '
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Likewise, an established correlation between a complex soil characteristie
such as pH and growth may reflect the influence of many land qualities, e.g.
Al-toxicity, P-availabildity, availability of cations, etc., and since

these are‘lihiting groﬁth at different'pH~ranges the correlation with

growth is rarely linear.

Some relations which are statistically significant may be ecological non-
sense. Om many soils in the drier tropics it is, for eéxample, perfectly
possible to prove a signifidant negative correlation between the level of
available cations and gréwth. The ecological reality is of course that

with decreasing rainfall growth, but also leaching of cations, decrease.
Even if generalizations are dangerous, some patterns stand out:

~ growth in the humid tropics is very often correlated with instable soil
characteristics affecting both nutrient and water supply, such as con-

tents.of various outriemnts, pH, organic matter, CEC and porosity,

- in the subhumid tropics, land characteristics affecting the availability
of water are normally well correlated with growth, e.g. rainfall, length
of rainy season, depth to groﬁndwater, drainage,-water holding capacity

of the soil and porosity,

~ correlations between growth and stable, "compound" land characteristies,
i.e. those which are affecting several land qualities, are often reported,

e.g. altitude, soilktexture, soil type, depth of A-horizon, rooting depth,
slope and aspect.

The latter type of correlations are convenient to work with since they are
of ten easily surveyed in the field but they are dangerous .in that they

normally conceal the true ecological cause and effect mechanisms.

Further evidence of growth in relation to land qualities are provided by
the increasing number of fertilizer trials in tropical plantations. On
latosolic s6ils in the subhumid and humid tropics the following relatioqs

often seem to apply:

- most plantations respond to P applications and to compound NPK and NP .

fertilizers,
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- N applied alone is generally ineffective and sometimes even depresses

growth;

- K, and sometimes Ca and Mg, often result in impfoved growth, particularly
of Pinus spp.,

- applications of B produce very big responses on some soils,

- liming of acid forest soils is only beneficial up to the point when Al
is neutralized - too high pH will cause P-fixation and nutrient im-

balances.

Management, land qualities and growth
One important conclusion can be drawn from what has been said above:

land evaluation for tropical forestry is not only a matter of assessing

how various land qualities affect growth, but also how different manage-

ment practices affect land qualities in the short and long run.

With the "static'" approach common in land evaluation today the short and
long term influence on land qualities, and thereby growth conditions, are
rarely or ever systematically evaluated.‘To the author's knowledge there
is not one single case reported where this has been done in connection

with tropical forestry deQelopment schemes. Still, there is a convincing
body of evidence based both on field experience and research that many

growth-related land qualities change negatively as a result of management

practices.

The best known such evidence comes from studies on shifting agriculture.

It has been shown beyond doubt that clearing of natural vegetation, burning
of slash and keeping the soil unprotected under cultivation for as short
time as two-three years in humid climates on kaolinitic soils result in
Signifiéant nutrient losses (mainly through leaching), structural deterio-
ration and compaction‘of topsoil, erosion and rapid loss of organic matter,
and thereby lower water and nutrient retention capacity. The same dynamics
of course apply when a tract of land is cleared, burned and planted with

trees up to the time when the plantation closes its canopy.

Similarly, the very negative effects caused by use of heavy machinery in
land clearing and logging operations have been demonstrated. Not only will
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the compaction of the topsoil cause a decrease in infiltration capacity
and an increase in run off and erosion, but it may also seriously restrict

the rootability of young seedlings.

The biological and physical influence on the soil of a monoculture trée
crop will vary with the characteristics of the species grown, e.g. its
rooting habit, litter quality, crown density and nutrient and water re—
quirements. Some tree crops, particularly evergreen leguminous species will
have a beneficial influence on soil structure and organic matter. Many
other fast growing Species,’however, and unfortunately those most widely
used (e.g. pines, eucalypts, teak), generally seem to affect the soil in
a negative way when grown on short rotations (LUNDGREN, 1978). Decrease in
fertility levels, due to build up of nutrients in the vigorously growing
crop, and decline in soil organic matter (litter fall and breakdown in
young stands are not enough to compensate for the natural rate of decompo-
sition), are the main causes. When logs are removed in harvests a substan-
tial amount of nutrients are lost to the site.~ this is a major difference
to the use of tree and bush fallows in shifting cultivation with which

timber tree plantations are often erronecusly compared.

It can be concluded that management practices in intensive tropical forest-
ry - complete clearing, burning, use of machinery, short rotation, mono-
culture crops, ete. - will affect land characteristics which in turn deter-
mine growth-related 'land qualities - fertility, porosity, organic matter,
water and nutrient retention. In most cases these influences will be.nega—

tive and there are strong scientific indications that the long term produc-

.tive capacity of the site will deteriorate under many combinations of soil, .

climate, management regimes and species. So far, few reports have been
published where such site deterioration has been observed (EVANS, 1980).-

This however depends on the fact that there are very few, if any, studies

where site/management dynamics have been related to growth in tropical

forestry.

Approaches to land quality assessment

General approach

Integrated land evaluation deals with both yield (ph?sical and biological
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aspects) and cost of production (social, economic and technical aspects)
in a wide sense. One may envisage a four-step approach where the steps

should answer the following questions respectively:

1. What land is suitable for forestry?

2. What type of forestry (species{ management) is best?
3. What will be the expected yield?

4, What risks are involved?

The answers to the first two questions will be based on combined assess-
ments of economic potentials and restrictions on the one hand and general
land suitability on the other. The land is sub-divided into units based on
surveys of stable land characteristics and the limitations these impose on
the economically desired form of forestry, e.g. topography, climate, access-

ibility, groundwater depth, flooding, soil depth, stoniness, etc.

The answer to the third question will require survey data on both stable
and instable land characteristics and matching of these againét known re-
quirements of the species to be grown. This is site classification in the
traditional sense and will only differ in practice from site classification
in temperate forestry by the fact that land use requirements are generally

less known in the tropics.

The risk assessment will involve an identification of those land qualities
that are likely to change under management, quantifying the likely effect on
growth of these changes, and suggesting means of minimizing negative effects.
This work will be based on the same survey data as used in answering the
other questions but must, in addition, involve a dynamic approach when

evaluating the data in relation to management.

Important land characteristics and qualities

It has been emphasized above that growth in the tropics is often limited by
the availability of nutrients .and water, and that the capacity of the land
to supply these depends to a large extent on instable land characteristics.
In land evaluation it must therefore be a primary objective to identify
those land characteristics. Fertility of a site depends, for example, on

the availability of nutrient ions in the soil solution in the root zone over
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the rotation period. This is determined by the following three factor com-

plexes:

1. Input of nutrients, via weathering of rock minerals, which is affected
by geological origin, texture, soil moisture and soil temperature; re-

lease of nutrients in organic matter decomposition; rainfall.

2. Exchange and retention characteristics, determined by colloidal proper-
ties of clay minerals, amount and quality of humus colloids, pH of soil

solution.
‘3. Output of nutrients, via leaching; immobilization.

Similarily, water availability in the root zone is determined by:

1. Input, which is the part of rainfall infiltrating to the root zone;

capillary water from the ground water level.

2. Water retention properties, determined by pore size distribution;

amount of organic matter; type of clay minerals.
3. Output, via deep percolation; capillary evaporation.

Although erosion. basically is a problem of nutrient and water supply - it
decreases both by removal of fertile topsoil and‘by reducing water infiltra-
tion - the irreversible nature of its effects always warrants a special
assessment of land characteristics éffecting it. These are, apart from the
more obvious topographic features: rainfall intensities; degree of soil
protection; infiltration capacity, determined by texture, structure and

biological activity.

In practical land evaluation operations, it will rarely be feasible to
quantify in detail all individual land characteristics affecting nutrient
and water availability and erosion. What is important is to quantify the

permanent "frame' characteristics, such as:. topography, rainfall pattern,

soil texture and mineralogy, soil depth, drainage and groundwater conditionms.

Instable land characteristics should not only be quantified prior to forest
establishment, they must be continuously monitored and the result of this
should be correlated with growth measurements. Important land characteris-

tics that should be monitored are soil organic matter; pH; topsoil struc-

ture; infiltration rate, and porosity in the root zone.
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By relating these to the permanent frame characteristics of the site on the
one hand and growth of the trees on the other, it will eventually be pos-
sible to establish land quality/growth relations and how these are affected
by management. Simple.trials may considerably speed up the results. It is,
for example, quite unneceséary, as is'done ﬁoday, to speculate over the

influence of many management practices on land characteristics and growth.

The influence of machinery on infiltration rate, porosity and rootability
can be established simply by driving with a machine on different soil

types and at different moisture contents of these soils (various moisture
contents can easily be artificially created so there is no need to wait

for rain). After this is done, porosity and infiltration are measured,
seedlings are planted, and after only one year very important results can
be obtained which may prevent enormous misjudgements in the choice of man--

agement methods in land clearing and logging.

Similarly, the question of long term fertility decline can be partly an-
swered by simple analysis and trials - measure leaching of nutrients in
the clearing phaSe'with simple lysimeters, fell a few trees and analyse
them for nutrient contents to establish how much is lost in harvest,

collect rainfall and analyse it, sample the soil and determine reserves
of nutrients, and, if possible (in the laboratory), the rate of release
from mineral weathering. Within a year it would be possible to have

75-907 of the facts needed to answer the question of long term fertility

maintenance of the particular site or land unit.

Finally, with the help of runoff plots, infiltrometers and rainfall
simulators it is possible to establish erosion risks of any conceivable

combination of land characteristics and management methods.

What is lacking in tropical forestry today is an appreciation of the dynam-
ic aspects of the land quality/growth/management - relations. Land evalua-
tion must be a permanent feature of any large forestry develoment scheme.
Monitoring and reevaluations of land characteristics should be continuous,
leading to improved soil management. Only by doing so will it be possible
to develop sustained and high yielding forestry land use systems on thé -

land available for forestry.

N
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LAND QUALITIES AND FOREST OPERATIONS

H. Loffler,
Faculty of Forestry, University of Munich
Federal -Republic of Germany

Abstract : :

During the past three decades several concepts of describing and classify-
ing forest land have been developed for the purpose of recording systemati-
cally the influences of the physical conditions of terrain on forest oper-
ations, especially on timber harvesting. Efforts’to make these terrain
classification systems comparable, at least with reference to the character-
istic features, and to elaborate a common classification language have fail-
-ed so far. The vocabulary used in the context of land evaluation is unknown

within the scope of terrain classification.

One of the most important findings referring to terrain classification is
the fact, that one has to distinguish between a primary or descriptive and
a secondary or functional terrain classification. According to the type
mentioned first, terrain classes or land units are formed independent of
the limitations of machines and operational methods, whereas in the latter
type the respective technical possibilities are taken into account. Inter-
national uniformity or at least camparability can only be reached on the
level of the descriptive terrain classification. This should be considered
when developing a land suitability evaluation concept.

Land qualities relevant to the various forest operations are: Accessibility .
(with the components terrain trafficability and infrastructure), engineer- -
ing properties, climate (and weather), susceptibilities (with the camponents
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erosion hazard and risk of soil compaction) and size of working tracts.
The land characteristics and the basic or elementary factors, which deter-
mine. the land qualities( are discussed. The possibilities of forming ter-

rain classes are shown by the examples of the land characteristics "slope"

, and "ground conditions".

In the author's opinion a foresf management, which pursueé both the sus-
tained yield principle and.the objective of an optimal reiation between
cost and revenues, requires above all an ecologically based site classifi-
cation as well as a technical-economically oriented terrain classification.
One should try to integrate these approaches to describing, classifying

and mapping forest land.

Introduction

Information on the interactions of the physicai conditions of land and
forest operations is not only required in the case of a land suitability
evaluation concept, e.g. for the comparison of different lar‘ld. 'utilization ‘
types, but in general for:

= long-termed planning of management activities including road network
planning -and development of operational methods and equipment,

- short-termed planning of operations including road construction and
the choice of optimal methods and equlpment, '

- fixing of wage rates,

- comparison and interpretation of the results of operations performed
under different terrain conditions, and for -

- supervision and controll of time consumption and cost of operations.

Experience has shown, that this information becomes. increasingly important
as a decision aid

- with rising degree of mechanlzatlon, i.e. with rising input of capital
and energy,

- with. the extension of forest operations to hitherto inaccessible areas '
-and/or to areas hardly explored up to now,

~ with decreasing density of trained personnel, i.e. with growing exten—
sion of the area to be treated by one forester, and finally

.~ under growing urgency of the.demand that’ operational methods and .
equlpment should guarantee high economic efficiency as .well as environ- .
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mental harmlessness.

With the intention of recording systematically the interrelations between
land and operations for large areas in a comparable way, -several systems of
terrain description and terrain classification have been developed after
World War II. Although they partially differ to a large degree as to meth-
odical approach, terminology and application, I shall in the following sub-
sume the various systems under the term "terrain classification” (from an

operational point of view).

Hitherto, several attempts to make the various systems internationally uni-
form or at least comparable, did not score any success worth mentioning.

A group of experts formed by the Joint FAQ/ECE/ILO Committee on Forest
Working Techniques and Training of Forest Workers and IUFRO will tackle
this task again in the near future. I am sure the present workshop can give
useful advices and recommendations to this working group. On the other hand,
one should not neglect the methodical and practical experience made with
the terrain classification up to now, when a land suitability evaluation
concept is to be elaborated. It would be regrettable, if a separate system
of describing and classifying the physical land conditions was developed

. for the purpose of land use planning.

Although research in and practical application of terrain classification
systems have been done since about three decades, numerous'problems have
not yet satisfactorily been solved. Well considered concepts are those of
Skoésarbeten, Sweden (CARLSSON et.al., 1969), of Norway (SAMSET, 1975) and
the British Forestry‘Commission (Forestry Commission, 1975). They are, how-
ever, oriented to logging and adapted to the terrain conditions of the re-

spective countries.

Land qualities

Up to now the glossary of the terrain classification does not include de-
fined terms like land characteristic, land quality or diagnostic criterion.
So far, a unique terminology does not exist at all, which complicates mutu-

al understanding even amongst experts. Henceforth we also lack a common

255

(-




notion, which land attributes should be defined by the above mentioned
-terms. My attempt to integrate the methodical basics of the various terrain
classification systems into the terminological concept of‘a land evaluation,

«can thus only be considered as a proposal for further discussion.

According to BENNEMA and van GOOR (1975) , the main land qualities related
to management are: 4
"— possibility for mechanization; ‘

- ease with which - -an adequate mfrastructure can be constructed and main-
tained;

‘- potential efficiency in relation to freedom of choice of size and shape
(of working tracts; supplemented by the author); '

- cost levels related to controll of endemic diseases and pests; -

- cost levels related to fire controll.™

I presubpose' that it should be possible to apply guiding rules or recom-
mendations .for land evaluation under the most varying conditions and that
they should be valid for a certain period of time. Experience made with the
".terrain classification shows, that this objective can only be reached if '
_the diag'nostic criteria and the suitability are not based on a topical tech-
nology but strictly on the physical conditions of the land. Today we dis-
tinguish two levels of - terrain classification: The descriptive or primary
_terrain claSSJ.flcatlon, which is developed (almost) completely independent
of the respectlve machines’ and operatlonal methods, and the functional or
seoonda.ry _terraln c_:la551f1catlon, which is derived from the primary one
and classifies. the terrain by exact consideration of the limitations of the
. .available' machines and.operationai methods. ROWAN (1977) says: "... func-
- tional descriptions become obsolete as machine characteristics change and
new machlnes _appear w1th limitations quite unlike those known at present.
Functional descriptions -inevitably mean different things to different peo—
" ple and lack a permanency of basic information on ground conditions, rough-
. ness and slope.” I belief this .experience should also be taken into con-

sideration in the case of the land suitability evaluation.

_ "The euitability gradee exemplarily proposed By BENNEMA and van GOOR (1975)
for the land qualities, are in my mind to closely related to the prevailing

" technical _s{:andard. According ‘to the temminology of the terrain classifi-
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cation this must be called a functional classification.

I should like to suggest to form suitability grades for the descriptive
level by means of the following land qualities:

- Accessibility, with the two components or sub—qualities terrain traffic-
ability and infrastructure,

' - engineering properties (roadability),
- climate and weather, -

- susceptibilities, with the components erosion hazard and risk of soil
compaction,

- size of working tracts. . ,
The important land quality "stand" '(kind and size of tree species) is not

discussed here.

Table 1 shows the relevancy of each of these land qualities for certain
activities. Relevant in this context means on the one hand influence of the -
physical land conditions on the applicable operational methods and the cost,
on the other hand influence of the management activities on the land attri-

butes.

The -determinants of the land gualities - some examples

A land quality can be considered as the function of a larger or smaller
number of land attributes with a lower degree of aggregation. Some examples
-may illustrate these connections. A complete survey is not possible within
the scope of this contribution.

Accessibility

In agreement with SAMSET I tend to apply the term accessibility in a
broader sense than most experts of the land evaluation do. In the opin-
ion of the latter accessibility characterizes the possibility of the
construction and maintenance of access roads (cf. for instance BRINK- -
MAN and YOUNG, 1976). According to my understanding, accessibility is
the description of the infrastructural conditions as well as the terr-
ain conditions, i.e. the terrain trafficability in the area between

the forest roads.
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Table 2 shows the main determinants of accessibility. The trafficability of .
a terrain depends on and can therefore be characterized by the factors
ground conditions - which are finally identical with the supporting capaci-
ty of the ground -, ground roughness and slope. One would have to discuss
whether the macrotopography or - as MAZIER (1976;words it - the "fragmentation
of terrain” ought to be taken into consideration. This is certainly depend-
ing on the degree of intensity and the infrastructural conditions. In the
case of a broad land inventory and low road density, this factor is likely
to be important. For surveys at a detailled level and in regions with good
accessibility and high road density, slope and microtopography will pre-
sumably be sufficient for characterizing the surface geometry.

The land quality or sub—quality infrastructure describes on the one hand
the state of the forest road network, on the other hand the state of the

public infrastructural utilities.

Whether the factors ground conditions, gound roughness and slope etc. may
be understood as land characteristics in the sense of the terminology of
the land evaluation, is to be discussed. Apart from a few exceptions, how-
~ever, these terrain features cannot yet be measured immediately, but result

from a synthesis of several single attributes in each case.

Table 3 shows these interrelations for ground conditions} ground roughness
and slope. The terrain parameters indicated as basic factors are measurable
variables and facilitate a sufficiently exact and objective characteriz-
ation of the land characteristics. A certain defect of these schematic re-
presentations is that the basic factors mentioned do not have the same de-
gree of aggregation. The soil type, for instance, is a parameter composed
of several elementary variables, whereas height and frequency of obstacles
or slope angle represent elementary qualities which cannot be subdivided

again.

Engineering properties

It should be made possible by the land quality "engineering properties"
to judge a terrain as to the technical practicability and the relative
cost of its treatment, especially in the context of road construction
and road maintenance. Therefore one could also speak of the land qual-
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. L ACCESSIBILITY

TERRAIN . INFRASTRUCTURE
TRAFFICABILITY :
*GRoUND CoMITioNs ) | FOREST ROAD
— .
e e “HNETNOR
{supporting capacityy 1 e e e
L e I = T e o
=+ GROURD ROUGHKESS _J' : CONN FLTION 10
““““““““““ ¢ PUBLIC TRANS-
(microtopography} .o L_PORU\TION SYSTEN
P e ey
—_swore |
| e e e i e ]
T WACROTOPOGRAPHY
("fragmentation” of terrain)
E:::] land qualities
‘; - land characteristics ?
[ |

Table 2 Determinants of Accessibility

260




Land Characteristics

Baslc Factors

soil type (group)

GROUND
CONDITIONS

moisture conditions

strengthening factors

snow conditions

height of obstacles

GROYUND
ROUGHNESS

frequency of pcrmancnt
obstacles

slash (and vegetation)
cover

slope angle

SLOPE

shape of slope

length of slope

Table 3 Determinants of Cround Conditions

Ground Roughness and Slope

(within terrain trafficability)
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ity roadability and/or workability.

If road standard and traffic load are given, the technical possibili-
ties of and the expense for road construction depend mainly on:

- The necessary earth mass movement,

- the dimensioning of the pavement,

- the necessary drainage measures, and

-~ the necessity of bridges, walls etc.

The specific earth mass movement is a function of the incline, the
angle of internal friction and the macrotopography. The dimensioning of
the pavement is determined by the bearing capacity of the subgrade and

the engineering properties of the grade material.

The kind and amount of necessary drainage measures are influenced by
the rainfall conditions and the drainage patterns. The kind and propor-
tion of walls etc. finally depend above all on the incline, the soil

conditions and again on the drainage system.

At a given road standard and traffic load the technical possibilities
~and the cost of road maintenance are dependent on
- the rainfall conditions (average and heavy precipitation), and

- indirectly on the slope angle, which determines the incline con-
ditions of the road network to a certain degree.

The result of summarizing systematically the various influences and de-

terminants is shown in the interrelations of table 4.

Susceptibilities

"Susceptibilities” is meant to be a term for the degree of resistance of
a terrain.-or soil respectively to _
- erosion (surface erosion and slope failures) and

~ compaction.

There are several reasons for dividing susceptibilities into two sepa-
rate land qualities: in "erosion hazard" and "risk of soil compaction".
I shall treat them as sub-qualities.
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Baslc Factors

Land Charactertstics

slope angle -~

Jl slope "—__‘

[soil type (group)

soil moisture
content
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Land Quallty

] ENGINEERING

soil depth

[geologic condition

LITT T

precipitation
average

(bearing capacity
workability)

R

precipitation
conditions

}_____

precipitation
maxima

L]

Table

[Iﬂndform

l_

(racrotopography}

4 Determinants of Engineering Properties (Roadability)
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During the last few years proposals for judging the erosion hazard
have been worked out in various parts of the world (e.g. MOSER, 1973;
LAATSCH und GROTTENTHALER, 1973; BOYDELL and WAIMSLEY®, 1975; KRAG,

- 1980) . In spite of differing methodical concepts of these "erosion
hazard ratings" or "slope stability assessments", these classifica-
tions are largely based on the same land properties in order to‘ evalu-

~ ate the erosion and/or slope failure potential. Such properties are:

- Incline and shape of slope (slope morphology) .,
- parent material as to kind (mineralog_ical) and bedding,

soil texture including grain size distribution, -
soil depth,

hydrogeological conditions (soil moisture regime),

rainfall maxima.

Referring in particular to BOYDELL and WAILMSLEY as well as KRAG, a
scheme for the sub-quality soil erosion hazard can be established as
outlined in table 5.

With rising degree of mechanization of forest operations, closer atten-
tion than hitherto has to be paid to soil compaction or reduction of
pore volume, especially the proportion of air pore volume. According
to the present state of knowledge and with given traffic load, soil
compaction depends on soil texture, soil dry density in undisturbed
state and soil moisture content. If these factors, which can be summa-
rized as ground conditions, are known, the compaction risk can be pro-

gnosticated to a sufficiently exact degree.

The chosen examples show that the various land qualities are determin-
ed by the same or at least by similar basic factors. Therefore it
seems obvious to try to establish a common foundation fc?r the land
qualities relevant to management operations on the level of the basic
factors. As far as I know, a well considered and practicable concept
of this kind does not yet exist. Neither am I able to make a respect-
ive proposal today. In the following disputation on the establishment
of classes I can only make a few suggestions by way of example. Prin-
cipally, the proposals made by ERIKSSON, NIELSSON and SKREMO (1978)

*) I wish to thank the two authors for leaving their manuscripts to me.
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Basic Factors Land Characteristics

slope angle

Lshape of slope

I UJ

lparent material

[soil texture

.
S ground —
conditions —

| e

Land Qualities

slope failure
potential

moisture
reginme

soil depth 4}—ﬁ————Ju
hydrogeological 44}_______
conditions

{rainfall maxima

Table 5 Determinants of Soil Erosion Hazard
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point in the same direction. At our present state of knowlédge, how-
ever, we have to realize that further research could prove it impossi-
ble or unpracticable to find a common classification system for all

land qualities and all kinds of operations.

Formation of groups or classes

The principle

As mentioned before, I recommend a differentiation between land quali-
ties, the classes of which are formed as independent as possible of
machines, operational methods and the cost of operations; and land
qualities, the classes of which are oriented to the technical possibil-
ities and the input levels. I should like to term the former descript-

ive and the latter functional land qualities.

The classes of the descriptive land qualities are as a rule the result
of a triple classification process with the levels: Basic factors, land
characteristics, land quality. Concerning the formation and terming of
the classes on the upper two levels, I tend to use the method applied
in the Swedish terrain classification and the terrain classification of
the British Forestry Commission: Classes in a strictly taxonomic sense
are formed only on the level of the basic factors. The higher level
giasses are the result of a combination and/or éddition of the numbers
and symbols of the respective lower level classes. The main advantage
of this system is, that no further loss of information occurs after
the classes have been formed on the lowesg level. Its disadvantage is

a certaih clumsiness of the class terminology, because each class.con-

sists of several numbers, suffix letters, symbols and bracket notes.

The high information content of the descriptive land quality classes

facilitates the derivation of numerous functional land quality classes.

The demand and recommendation respectively to neglect operational lim-
itations and cost in the class forming process, is naturally and con-
sequently valid also for the class formation on the level of the basic
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factors. The respective variation range of the basic factors is not
divided into classes according to "critical values" as a result of
technical possibilities, but according to the principle of the similar-
ity and homogenization respectively of the physical factors. Two ex-—
amples may help to explain this.

Land characteristic "slope"

It has been said before that the land characteristic "slope" should

at least integrate the following basic factors in order to possess
a sufficiently broad information content: Angle of slope, shape of
slope (type of hillside) and length of slope. The slope angle, however,
plays the dominating rdle.

The slope angle is primarily expressed in percent, i.e. the tangent of
the incline angle multiplied by 100. The following classification is
widely spreadyall over the world: £20%, 21 -338%, 34 - 50 %; 51 -
70 %, 71 - 100 %, > 100 %. In some classifications the class limit is
not 33 but 30 %.

A uniform grouping or nomenclature for shape of .slope or type of hill-
side does not exist up to now. The British Forestry Commission (1975)
distinguishes as follows in its terrain classification: Regular (R),
stepped (S), moundy (M), gullied (G). SAMSET uses the terms: Uniform
hillsides, basin-shaped hillsides, closed valleys, cone-shaped hill-
sides, plateaus. ERTKSSON, NILSSON and SKRBMO (1978) suggest: Even or
sloping less than 2 %, undulating or hilly, evenly sloping, terraced.
The terminology used in the proposal of a terrain classification sub-
mitted to the European Communities (1977) is: Regular or even slope,
stepped slope, corrugated form of terrain, slope traversed by rills
and ditches or gullies. It should be attempted to characterize the
shape of slope by an unambiguous, if possible numeric parameter.

Concerning the classification of the slope length, there are even less
proposals hitherto. SAMSET (1975) uses the classes: < 300 m, 300~ 700m,
> 700 m. This grouping is influenced by the reach of the off-road
transportation systems, especially the winch- and cable-systems. Thus

it is a functional grouping. One could just as well conceive of
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é classification as follows: £ 100 m, 100 - 200 m, 200 - 300 m, 300 -
500 m, 500 - 750 m, > 750 m.

Land characteristic "ground conditions"

. The land characteristic ground conditions is part of all land quali-

ties, only the focus of information changes. The following factors

should be characterized: Bearing or supporting capaci{:y, engineering

properties (workability), applicability as road base material, erosion

potential. For a wide range of application it is therefore insufficient

to use criteria only for the factors bearing capacity or shear strength

as for instance modulus of elasticity, California bearing-ratio or

cone index. On the level of the basic factors one rather has to find

criteria, which are as closely as possible correlated with all target

variables.

The study of the relevant literature as well as practical experience

with soil classifications indicate, that the following characteristics

ought to be taken into account:

- Soil class or soil group, formed on the basis of soil texture
{(including grain size distribution), soil structure, plasticity
and content of organics. :

- Moisture content; for purposes of long-termed planning one should

use the moisture content at defined weather conditions (e.g.
summer dry) .

- Parent material (origin of soil) and its geogenesis.

- Soil dry density in undisturbed state.

- Soil depth. ‘

- Stoniness.

- Strengthening factors (like stumps'and roots) and slash cover.
In certain cases also:

- Snow conditions.

It has to be examined, whether addional qualities must be considered

for a satisfying characterization of the ground conditions. In areas,

where organic soils (muskeg, peat) play an important réle, it will
presumably be necessary to describe in detail kind, proportion and
depth of the organics.

268




The terrain classification systems, which afe in use or have been pro-
posed, are primarily concentrated on terrain trafficability and there-
fore confined to less characteristics. Consequently they are also
easier to handle. Nevertheless, I take it worth trying to provide a
broader basis for the classification of ground conditions. Similar re-

" commendations were recently made by ERTKSSON, NILSSON and SKRBMO (1978).
Another possibility would be to fall back on proved soil and site
classification systems (e.g. the Unified Soil Classification System,
1953; the Soil Taxonomy of the Soil Survey Staff, 1975) and adopt their

classification principle.

A methodical question not yet thoroughly discussed is, whether on the
level of ground conditions classes ought to be formed by mere addition
of the class symbols of the basic factors, or whether the large varie-
ty of possible combinations of the classes of basic factors should be
subsumed under a limited number of ground condition classes. Most of
the terrain classification systems in use (especially those of Sweden,
Norway and the Forestry Commission) apply the latter method and gener-
ally use five up to maximally ten ground condition classes. This ap—
proach is undoubtedly more suitable for practical purposes. Disadvan-
tages are on the one hand the unavoidable loss of information and
additionally the necessity to take a functional orientation in the pro-
cess of forming the ground condition classes. In the case of the terr-
ain classification systems mentioned, the bearing capacity is the de-
cisive criterion, which determines the aggregation of the basic fact-
ors in ground condition classes. Thus, the latter have only a reduced
value in their statement for example on the engineering properties,

the erosion potential and the risk of soil compaction.

From my standpoint, the recording and classification of ground condi-
tions is particularly important for the terrain classification or the
classification of land qualities; this process, however, involves also
great problems. Difficult, too, is the verification of the correlations
between the previously mentioned basic factors and the finally inter-
esting variables like bearing capacity, workability, erosion resistance

or erosion potential respectively; such correlations are assumed and
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taken for granted, but they are not yet sufficiently proved in all

cases. Promising attempts in this direction are, for instance, the
research works by SCHOLANDER (1973) and ERDAS (1976) . Further funda-
mental research in this field is urgently required. Only the results of
such studies may enable us to decide, whether a classification consi-
dering every case of application is possible at all, which basic fact-
ors have to be recorded and how they have to be grouped, and fi.nal].y
which method ought to be chosen for classifying the ground conditions.

Integration of the ecological and technical type of land

description and classification.

Foresty and forest management, which pursue the objectivés

high productivity in volume and value,

-~ high stability of stands,

-~ preservation of soil fertility, and also

- optimal relation of input (cost) and output (revenues),
require according to my view an ecologically oriented site classification
as well as a technically oriented terrain classification. This is valid
both for the case that the suitability of an area is to be examined for
various types of land use and the question, which kind and level of manage-

ment is respectively optimal, if the type of land use is.given. -

Besides the elaboration of a "common classification language inclludj_ng term-
inology and definitions" (BAILEY, PFISTER and HENDERSON, 1978) I consider
it an urgent task to examine the possibility of an integration of the eco-
logically and technically oriented types of land description and classifi-
cation. It is true, according to GILMOUR (1951), that "different fields of
generalization call for different classifications". The enormous expendi-
ture for data collecting, however, and the similarity of some of the data
required in both types of classification suggest at least an attempt at in—
tegration.

Today, for example, this question is very intensively discussed in the Fede—
ral Republic of Germany. A detailled site mapping based on the principle of
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regionalization, is already available for a considerable part of the forest

area in the FRG. Main criteria for the delimitation of site units are pa-
rent material, type of soil, water regime of the terrain and terrain morpho-
logy. At present we investigate the homogenity of the site units with re-
ference to those basic factors required for the characterization of the
ground conditions within the scope of a technically oriented terrain class-

ification.

The results achieved so far are encouraging. An example may explain this.
Figure 1*shows one of our testing areas in the ground moraine region with
a dimension of about 70 hectares. As stated earlier, soil moisture content
and soil dry density are important basic factors for the characterization
of the grbund conditions. Figure 2 shows the position of the site units in
the moisture - density - diagram. According to statistical tests and in ad-
ditional consideration of the kind of soil and the plasticity properties,
six groups of site units which are significantly different in their tech-
nical behaviour, can be discerned. They are evident in the overlay to
figure 2. It can be seen that the site classification provides a very good

stratification of the soil according to technical aspects.

Therefore we have a justification to assume, that by means of our site
classification at least the ground conditions are recorded in a way which
also meets the demands of a terrain classification from the operational
point of view. Climate, precipitation and geological conditions are essen—
tial factors of regionalization and thus automatically considered in the
case of the site units. Only the land attributes ground roughness, slope
and perhaps land form have to be recorded additionally.

I suppose that also the site classifications of other countries offer simi-
larly favourable precondit}ons for an integration with a descriptive ter-
rain classification. To me this seems to be so in the case of the biophysi-
cal land classification in Canada (LACATE, 1969; GIMBARZEVSKY, 1978) and
the various versions of the BECOCLASS—Classifications in the USA (CORLISS,
1974; DAVIS and HENDERSON, 1976). Comparative internaticnal studies and
generally a cooperation of the experts workihg in the diverse fields of
land classification, would be of great interest. If this workshop made a
contribution to such cooperation, it would have achieved quite a success.

*) Coulored slide, not suitable for print.
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~LAND QUALITIES AND CONSERVATION

DeVon 0. Nelson

United States Forest Service, Milwaukee, Wisconsin
Summary

Conservation qualities express the land's sensitivity to land use pressures.
They are generally given as risks or hazards related to application of a
land management practice to a specified area. Conservation qualities
needed in a planning area can be selected on the basis of experience in
similar kinds of land of systematicaliy by matching potential management
objectives and methods with known features of the land. Four methods of
determining conservation qualities for an area are by direct studies, ex-
trapolation-classification, interpretation of a single natural resource,
and by synthesis of several natural reéource characteristics. The char-
actér of forested lands often imposes unique obstacles to the collection
of data needed to develop conservation qualities. An important challenge
i§ to improve our understanding of vegetation communities from a conserva-

tion quality perspective.
Introduction

Man's use of forest land can cause changes in the site which jeopardizes

the accomplishment of his long-term goals. Conservation qualities are
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estimates of the land's inherent resistance to negative change when it is
used. They are predictions of the land's reaction to use. The predictions
enable the planner to choose management objectives, methods and locations
to minimize site damage. Beek (1978) defined conservation qualities as’
""the land's unique capacity to maintain the status of (ecological and man-
agement) land qualities (in particular its productive capacity) atvpre-

established levels.”

Conservation qualities, as stated, are features of the land, but for ap-
plication and for discussion purposes they are considered here the land

evaluator's interpretation of the land's innate sensitivity to various uses.

The 1apd evaluator faces several tasks in developing a meaningful set of
land qualities. The first question he faces is, "Which land qgalities
should he have?" This question may not be.asked or if asked, answered-in

a roufine way that responds to his information needs more by accident than
design. The second question he has is, "How can the quality be estimated?"
There are some .stock answers to this question, but much innovation is re-
quired to make land quality interpretations. The unique features of forest

land often require an original approach to quality evaluation.

This paper discusses these tasks and the special character of forest 1énd

in the development of conservation qualities.- The scope of variabilities

in conservation quality development is far too broad to treat here in an
exhaustive manner. The methods and examples used here were selected on the
basis of the’author's experience in the United States and Asia, and although
appropriate conceptually, all may not be meaningful to many forest land
evaluation situations. The intent is to provide additional insights into
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one link in the planning process.

Which Conservation Qualities?

The selection of conservation qualities to be determined is a vital part of
the land evaluation process. The omission of a conservation quality may
lead to unexpected site deterioration, and the unnecessary conservation
qualities add to costs of lan& evaluation. As the linkages between the
natural resources and the planning process, conservation qualities take on
additional significance as the princiéal means to define the information
need and the data collection activities of the land evaluation process.
Knowledge of land quality needs should be used to avoid making surveys for

the sake of making surveys.

A stapdard list of conservation qualities doeé not exist nor is a standard
method of identifying the conservation quality information need established.
The conservation qualities to be estimated for a project are usually sel-
ected using a subjective 'trial and error" approach. Experiencaz in the
planning area or its vicinity enables the land evaluator to choose éon—
servation qualities which are appropriate to the planning area and poten-
tial management activities. His list of conservation qualities can be re-
vised as his experience in the area increases. Conservation qualities re-
lated to road construction for example are known to be important in the
mountainous forest lands of Western United States. Soil compaction hazard
is a major concern in part of Western United States. Soil erosion hazard

has particular importance in tropical forest areas being cut over.
If this subjective approach is not possible or if its results are question-
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able, a more systematic methoc of choosing conservation qualities can be

devised. Figure 1 outlines the logic of a thought process that can be used

for this task. The main tasks in following this process are:

1. Describe the salient features of the land, and establish tentative
managément objectives and methods.

2. Identify the desired conditions for each objective and the management
activity associated witﬁ each method.

3. Relate objectives, conditions, methods and activities to the land to
identify probable threats and impacts.

4, Restate threats and impacts into conservation qualities.

Knowledge of the land, management objectives, and management method is us-
ually tentative early in the planning process. The selection of objectives
and methods that are ultimately part of the management plan would be in-
fluenced by the conservation qualities. Some assumptions about objectives
and methods however can be made to guide this process. . A feedback loop
bringing changes in the method and objective factors is assumed. Much de-
tail of information is not expected in this process. Table 1 is an example
application of this process for a hypothetical situation in Western United

States.

Table 1 shows an orderly way to make a checklist of conservation quality
needs. By asking different questions, other kinds of qualities can be
identified: ‘Additional columné that could be added to guide data collect-
ion include those fo? scale of each conservation quality, location within
the planning area where the conservation quality should be made, and the

resource data needed to make the conservation quality. This information
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Table 1.

Hypothetical Example of Conservation Quélity Requirement Determination

Land: Dissected mountain lands, slopes 40-70 percent; soils shallow to moderately deep, grav-
elly loam to loamy sand; open pine with perennial grass ground cover; elk and deer major
game animals, -

Objectives

Wood production

Forage production

Wildlife habitat
High water‘quélity
Methods

Even Age Management

Desired Condition of Land

Threat

High tree growth

High grass growth

Habitat diversity

Minimal sediment
Activities

Road building

Log skidding

Felling all trees
Slash burning

Tree planting
Grazing .

Hunting

Loss of fertility

Fire

Drought
Vegetation
composition
degradation

Vegetation
diversity loss
Surface runoff

Impact

Road cuts, ex-
posed soil

Exposed soil
compaction

Vegetation loss

Drying of site

Organic matter
loss

Exposed soil

Trampling

Vegetation loss

Consexvation Quality.

Consolidated
CQ Hazard
List

Soil erosion hazard
Fire hazard

Insect hazard
Windthrow hazard
Fire hazard

Plant community
stability

Diversity trend

Sediment delivery
rate

Soil erosion hazard
Landslide hazard
Sediment delivery
hazard

Soil erosion hazard

-Soil compaction

hazard
Brush hazard
Drought hazard
Soil fertility loss
hazard
Drought hazard
Sod . breakage
Erosion hazard

Soil erosion
Fire

Insect
Windthrow
Landslide
Sediment
delivery

Soil com-
paction
Brush
Drought
Fertility
loss
Diversity
loss
Plant com-
munity
degradation
Herd damage

Game animals killed Herd reduction sensitivity
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would be a basis for planning the inventory program.

How are the Conservation Qualities Determined for a Site?

This question is answered under the headings of Methods, and Operational

Considerations.
Methods of Quality Development

Four general approaches are possible to the identification or development’
of land qualities: ‘

1. Direct measure. It is possible to dbserve the reaction of an area of
land to a particular use as a basis for projectingvthat impact into the
future with the same use. It is used when existing information or models
are lacking and when the information needs are unique. This approach is
most commonly used in experimentél areas where trial plots are used. Know-
ledge thus gained can be extrapolated to similar situations in other }ocaF
tions.

2. Extrapolation/Classification. Experience in one area is carried to
another location where the same ta#onbmic unit of a‘res?urce or land unit
occurs. One of the pﬁrposes of cléssification is to pérmit accumulation
and extrapolation of knowledge, including land qualities. This approach
assumes that there is a taxonomy established and that units can be identi-
fied using that takonomy. By classifying a resource or land unit in an
established system, much information can be attached”to.the classified unit.
The best known scheme along this line is soil taxonomy. In the United
States there is a large amount of interpretive data stored by each soil

series as shown in the paper by McCormack, et.al., 1980. Knowledge of a
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particular geologic formation also permits statements about the stability
of the earth mantle associated with that formation. The Wasatch Formation
in the Colgrado Plateau is generaily linked to high mass movement hazar&g
for example. The Siwalik ‘ridges in Nepal, an ecological zone identified
in a recent inventory (Nelson, et.al.,, 1980), is notorious for its high
landslide hazard.

3. Single resource interpretation. Soil, vegetation type, geologic form-
ations and climatic regimes can be interpreted independently to yield land
quality information. Soil erosivity, brush hazard, and landslide hazard
are examples of possible conservation qualities produced in this manner.

Table 2 is an example using soil texture to identify wind erodibility.

Table 2. Soil Conservation Service wind.erodibility potential of bare

soils by soil groups

Group Soil Classes Hazard

1 Sands . High

2 Loamy sands High

3 Sandy loams Medium
4 Silty Clays>and~clays Medium
5. Loams, sandy clay . Slight
6 Silt loams, clay Slight
7 Silty clay loams Slight
8 Wet or stony Slight

This approach has probably been the most widely used of the four because
of the tendencies toward individual resource data collection. The basic

data requirement is for an inventory of the individual resources. The
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rationale for this method is that a single resource may account for most of
the variation in hazard occurrence in a given environment. Roose (1977)
pointed out the over-riding significance of Factor C, cultural and vegetal
cover from the Universal Soil Loss Equation (Wischmeier and Smith, 1965)

in the rates of erosion in West Africa. In mountainous areas slope gradi-
ent is usually the most significant factor in predicting potential erosion.
4. Synthesis of resource data., Data from two or more resources are com-
bined to produce the land quality. The synthesis can take place in stages.

The general pattern of integration is shown in Figure 2.

CHARACTERISTICS ———> MODEL ————> SITE
METHOD "QUALITY

Figure 2. Relationship between resource characteristics and sité qualities
The principal task in this approach is to develop the method, model or
rationale used to combine the resource data. The combining of information
is generally baséd on well recognized cause-effect relationships which have
been studied in field plots and simulations. The model may be an equation
accompanied by appropriate tables or nomograms to assist application. The
Universal Soil Loss Equation is an example of this type of model. Beek
(1978) reviews'the Universal Soil Loss Equation to illustrate its applica-
tion in establishing the soil erosion hazard conservation quality. A

similar widely applicable equation is available for wind erosion.

The synthesis of resource data to form conservation quality estimates has
great appeal because a hazard is rarely a function of just one resource

characteristic. Conservation qualities developed by this approach should
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be more accurate and consistent than by alternative methods. The'function
relgting an output to a series of factors is a good éhecklist for the
variables causing a problem. The most critical factors can be identified
and treated if needed. The Universal Soil Loss Equation is used in this

manner to guide management of lands with erosion problems (Wischmeier, 1976).

Under ideal circumstances, a person responsible for conservation quality
estima?ion would systematically identify the conservation qualities needed
for his project, select an‘appropriate method for each quality, accumulate -
the data necessary ‘to the operation of the method, and arrive at the con-

servation qualities needed for the planning task.

As most people with field experience know, the gctual process is seldom
that smooth or complete. The ideal often cannot be realized because of
obstacles ;n the forest environment. The kind, magnitude, and rigidity of
these obstacles are variable, but a few gene;alities about the forest en-
vironment as it affects quality estimation are possible. The most obvious
feature unique to forest land is the trees. Along with this feature often
goes ruggedness of terrain, large extent, remotenéss,‘wide eievational
range, and sparse development. Access is often limited, requiring arduous

effort to move across the land. Land values are comparatively low, and

. future investment, if the land is to continue to be forested, is normally
comparably low also, Forested lands are usually the last part of a country
to be developed, and pressure for conversion to agriculture land or other
uses may be high. Data on resources is commonly limited or lacking. What-
ever data collecting methods and interpretation models are availablé are

usually developed for agricultural lands. A wide range of resource manage-
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ment objectives usually further complicates the task of the forest land
evaluator. There are many exceptions however in industrialized countries,

but the picture holds true for most developing countries.

There are several implications of these aspects of forest land. Investment
in data collection is roughly proportional to potential investmenﬁ in man-
agemené. Consequently, forest land data collection programs are often on
a low budget when calculated on a per unit of land basis. The lack of ac-
cessibility and difficulty of travel pushes data collection costs up. The
result is usually a low density sampling pattern and heavy reliance on ex-

trapolation and remote sensing techniques.

The following items are some additional effects of the forest environment

on development of conservation qualities:

1. There is little quality control thro;gh field checks and correlation,
making accuracy of data and resultant interpretations unverified.
Integrated natural resource inventories on National Forest lands in the
United States and other places make quality control difficult because
methods of qﬁality‘assessment of these kinds of inventories have not been
developed. This préblem is beiﬁg alleviated somewhat in the United States
by requiring that the soil element of these inventorieé be classified and
correlated under the National Cooperative Soil Survey program.

2. The number of conservation qualities is limited. The scopé of hazard
and other interpretations are kept to a minimum.

Only key conservation qualities are usually identified. There could be
sevéral reasons for this including problems related to the above described
characteristics of forest land. Lack of‘analysis of information need and
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insufficient knowledge of an area or the effects of management practices
also have a role in iimiting the scope of conservation qualities selected
for assessment. This latter problem has sometimes been stated as, 'We
don't know enough about the area to know what questions to ask."

3. Methods to make‘interpretations needed for forested lands are lacking

or must- be modified to fit the forestry applications. There is little
standardization of methodologies, nomenclature, or class values.

The Universal Soil Loss Equation is the best example of the need to modify

a model designed primarily for agricﬁltural lands to fit into a forest en-
vironment. The father of thié widely used analytical.tool, W.H. Wischmeier,
has warned against the tendency to missapply the equation and gi?es advice
on éteps to adapt it to situations beyond its standard environment (Wisch-
meier, 1976). Osborn, et.al., 1977, found its lack of handling of gully
erosion a severe deficiency and recommended that a channel factor be addea
to the equation. Tryon and Miller (1973) adapted the equation to a forest-
ed situation in southern Missouri in the United States by using monthly
precipitation rates and by recognizing changing vegetation cover percent-
ages following logging. Moldenhauer and Onstat (1977) point out that there
is a need for, ”predictions..:for entire watersheds;‘both large and small,

for long time periods, and for single storm events,'

rather than for long-
term estimates for single fields for which the equation was designed. The
major problem in the use of the equation in developing countries ig the

lack of data. Fetzer and Jung (1979) concluded from their trials with the

equation in Nepal that, "...there is...a great lack of data concerning the

factors which affect the erosion process in the Nepal Midlands."

The Universal Soil Loss Equation is valuable as a foundation for assessment
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of erosion potential. We are not so fortunate in other areas, particularly
for conservation qualities related specifically to the forest or mountain
environment. Here the land evaluator has the tasks of defining the conser-
vation qualities, describing a method of evaluation and setting up classes
for the specific area being planned. The result is a pragmatic method which
fits the conditions of the planning area. The following example is from

the White Mountain National Forest Ecological Landtypes Report by Alvis

(1976):
Deep Slump Hazard

Deep slumps refer to earth failures with failure planes more than
six feet deep and are chiefly associated with silty lacustrine

deposits on scarps.

Deep slump hazard ratings evaluated by (1) approximations of
potential shearing stresses acting on the soil mass, and (2)
approximations of shearing resistance of the soils minus po-
tential pore water pressures. These theoretical evaluations
are tempered by field observations of existing stability con-
ditions. Approximations of potential shearing stress (rough-
ly equivalent to gravitational férces) are based on natural
slope gradients, bulk density of the soils, depth to bed-
rock, and hydrologic characteristics of the land types.
Estimates of the lowest internal strengths likely to occur
are based on evaluation of soil grain size distribution
(texture, which approximates gradation curves), grain shapes,.
arrangement of grains, degree of induration (if any), and

plasticity (durability of remolded ribbon) which approximates
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plasticity index.

The hazards are rated by three qualitativé classes relative

to the White Mountains only.

Smalley (1979) developed the followiné definition and class limits for
windthrow hazard on the Southern Cumberland Plateau in Eastern United

States:

Windthrow Haiard measures how soils affect root development
and how fi?mly soils hold trees. The hazard is slight if
rooting depth.is more than 20 inches and trees withstand
most winds,‘moderate if effective rooting depth is 10 to

20 inches and some trees are blown down during excessive
soil wethess';nd.strong winds, and severe if effective
footing depﬁh is 10 inches or less and trees will not stand

alone .in strong winds.

Gott (1975) devised this definition and classes for predicting plant
competition for the Mark Twin National Forest in the United States:

Plant competition - Plant competition is 'rated according

to the degree of competition from other plants and the rate

- at which undesirable species invade when openings are made

- in the canopy. A rating of slight indicaies that unwanted

" plants are no special concern; a moderate rating indicates
that competition'delays the establishment of a fully stocked
stand; and a severe ratiné indicates that competition pre-

vents natural or artificial regeneration-unless intensive

control is used (Gott, 1975).
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The following table was used for classifying landslide hazarc in a recon-
naissance inventory in Nepal (Nelson, et.al., 1980). The characteristics
Qsed to estimate this hazard wefe visible on aerial photographs and from
overfilights. It is an example of an expedient method and refiects the very

limited amount of natural resource data available in a developing country.

Land Characteristic __Landslide Hazard Class
1 2 3 4 5
Slope gradient class 1 2 3 4 5
Bedéing plant/substratum Dip is away from Dip is with
slope surface slope surface
Lanaslide occurrence _ Absent 3 or more 4-8 9 or more
(Number per square kilometer)

Landslide hazard is iowest for Class 1 and highest for Class 5. Slope gra-
dient classes increase in steepness as cne moves from Class 1 to 5. The

most restrictive characteristic was used to identify hazard class. -

Three Forestrv Conservation Quality Needs

Theifollowing is a rather brief overview of three forestry problem areaé
that involve conservation qualities:

1. Basic information must be collected. An inventory made in support of

a forest 1and.eva1uation project must be supplemented by long-term research
and inventory programs in a forest environment. Fetzer and Jung (1979) no-
ted this problem for Nepal. Research is a weak link in forestry in develop-
ping countries. Equally troublesﬁme is the need for the systemgtic, long-

term accumulation of climatic, hydrologic, and erosion plot data in forested
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areas. Such data and relationship findings are needed té make conservation
quélity estimates possible.

2. Greater attention must be given to the Biological components of the
ecosystem in regard to conservation qualities. The sbil and earth mantle
are usually the focus for making conservation quélity estimates. Changes
in vegetation is also a cause of loss of site productivity. If the po-
tential management objectives incl&dg wildlife management, esthetic qual-
ities, or maintenance of seed sources of desired species, greater Heed

must be givén to‘divéfsity of vegetation. Many forest land management
practices lead to loss of diversity. Brockelman (1976), speéking of trop-
ical forests, said, "Everywhere around us the ecosystem is becoming more
simplified, less sustaining without unrealistic energy subsidies and
uglier."” 1In the United States, attention to plaﬁt diversity is required

by regulation for federal forest land management planning. Loss of di-
versity is a hazard in the sense that it threatens or makes more expensive
the accomplishment of legitimate forest management objectives in wildlife
management or esthetics. The decision maker should be warned of potential
loss of vegetation density. Although diversity is an issue in forest plan-
ning, in the United States, no method has been developed to routinely pre-
dict the impact to &iversity that would bé caused by a proposed management

practice.

A second vegetation related conservation quality concerns the hazard of

permitting or accelerating the establishment of undesirable plant com-
munities. Shrubs or low-value hardwoods often invade sites following log-
ging. Such communities can cause a decline in site productivity in terms

of long-range objectives because they impede the establishment of commer-
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cially valuable tree species. The possibility of this happening is esti-
mated on some forests as brush hazard. - This consérvation quality is a
function of soil, climate and land use factors. Fire hazard is a conser-
vation quality based on vegetation, climate, and topographic considerations.
A more detrimental impact occurs if the site is so aytered by a forest
practice that no vegetation or only’patches of low-value shrubs can occupy
the site. Destruction of tropical and subtropical forests sometimes leads
to this situation. Land evaluators need to be able to predict the occur-
rences of these changes. A conservation quality here would have to be

based on a knowledge of plant succession.

Wildlife communities can also be negatively affected by forest management
practices. A conservation quality alerting the planner to this possibi-
lity needs to be developed. Wetland areas are.often damaged by forestry
causing the loss of a valuable ecosystem component. A conservation qual-
ity could be used to guide management practiceé where this possibility
exists. .

3. Additional work is needed to develop conservation quality models to pre-
dict the impact of several silvicultural préctices. The potential for site
damage increases as silvicultural practices become more sophisticated. Use
of chemicals, fire, and particularlylheavy equipment can cause site damage
that needs to be predicted. The need for these predictions will become
more important as forest tecﬁnology advances. Heavily mechaﬁized site
preparation practices on national forests in the United States are re-
sponsible for decline in site productivity in places because they severely
disrupt the 0 and the Al horizons. A model predicting this loss would be

helpful.
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Controlled burning is being more widely accepted as a professionally applied
silvicultural tool. Conservation qualities here would help the land mana-

ger to avoid. sites which are likely to be negatively affected.

Use of herbicides as silvicultural tools is one of the most contgoversial
_public issues in the National Forests in the United States. The most com-
mon use is the application of chemicals to reduce brush competition to per-
mit more rapid tree growth. Models for conservatioq qualities are needed
to predict the possible long-term damage to animals, vegetation, soils, and

ground water.

Soil compaction by equipment used in logging causes loss in tree growth.
It has been studied by a taskforce in the U.S. Forest Service (1978)
which concluded that, '"Currently there is no simple method to uetermine

when or where excessive compaction might occur."

Conclusions

’

Conservation quality estimates speak to the need to protect the site.
These qualities, with the qualities which convey the site's productive
capacity and its limitations to operational practices, form the foundation
of knowledge upon which land use decisions must be made. These qualities
are the linkages between the many variables of the land and the multitude

of potential uses of the land.

The discussion of conservation quality identification and kinds of methods
to estimate the conservation qualities provides a framework for answering
vital land evaluation questions. The brief discussion of application ex-

periences illustrates the challenges imposed-by the forest environment upon
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the land evaluator.

Land evaluation is a dynamic process that must be tailored to the unique
conditions and information requirements of each project. Although many
principles ani methods are applicable across thé board, considerable

sensitivity and ingenuity on the part of the land evaluator are required

to use those principles and methods =ffectively.
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3.2 Papers on "Land evaluation, .a new approach”
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LAND EVALUATION, A SYSTEMS APPROACH *

K.J. Beek and P. Laban

Summary _ . ) C

This paper emphasizes the need for integrated approaches in land evaluation

for forestry. Land should be assessed not only for its suitability for

+ timber production but simultaneously for other types of land use. Due con-—

sideration should be given to physiologicalvgrow;h, forest operétions and

environmental protection,. important aspects affecting the suitability of

~land for a certain land uée.

The paper describes a systems approach to land evaluation, selecting, inte-
grating and analysing relevant data. This is done by simulating thé real
situation through models called land use systems. Emphasis is given to in-
puts, improvements of the land qualities, as well as to the matching of

land qualities with land use requirements and to the definition of land
suitability criteria.

The paper recommends integration of land evaluation in land use planning pro-
cedures and development of land evaluation guidelines oriented to specific

regions and problems.

* This paper reflects the result of discussions in 'a Dutch working party
consisting of Prof.Dr. K.J. Beek (International Institute for Aerial
Survey and Earth Seciences, ITC, Enschede); Ir. C.P. van Goor and Ir.
P. Laban (Dorschkamp Research Institute for Forestry and Landscape
Planning, Wageningen); Prof.Dr. A.P.A. Vink (Physical Geography and
Soil Science Department of the University of Amsterdam).
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Introduction

First of all, land evaluation is not a completely new technique. On the
contrary, it is a further development of land classification systems already
often used. ’

As other land classification systems, land evaluation has a proper task of
simplifying the complex data base through a process of interpretation and k
integration of the many data that result from many component studies.
Secondly, land evaluation should arrive at an as simple as possible relevant
analysis of these data, finally resulting in a set of recommendations usable
for socio-economists, land use planners, etc. ,
There are many examples of land classification systems, e.g. terrain and
site classifications in forestry, land capability classifications and others
having an important function regarding data simplification. However, in many
cases they are single-factor oriented, emphasizing only one kind of land use
and/or neglecting environmental and other important aspects of land use. A
next section in this paper will elaborate on these and other points which
could be given more attention in land classification approaches.

The land evaluation approach discussed here is systematic. First of all, to
understand the functions of existing or future land uses and their interac-
tions with the land on which they perform or have to perform, we have to
simplify these functions and interactions. This can probably best be done

by building dynamic land use models. Therefore the term Land Use System is
introduced, consisting of two main components or subsystems: the land use
and the land itself. Land evaluation is then concerned with predicting the
behaviour of such Land Use Systems.

The land evaluation approach is not meant to be a precise manual in which
one has to adhere to fixed procedures. On the contrary, such an approach can
and has to be used at different levels of detail and generalization, with
very different mapping scales, for very specific purposes or for a wide range
of alternative land uses at the same time. For each application the land
evaluation approach has to be adapted properly. In general, such adaptations
will depend mainly on the available data, the purpose and the expected detail
of the results of.the land evaluation.

Furthermore, a‘land evaluation procedure is part of a more complex brocess

of land use planning. It will be very difficult to draw a sharp boundary
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between land evaluation and land use planning. This will be even more so in
studies with greatef detail and larger scales, where the need for an inte-
grated approach with the socio-economic disciplines becomes larger and the
boundary between land evaluation and land use planning becomes still more
vague. In such cases how complex land use problems are handled will depend

largely on the composition- and quality of the team.

Shortcomings of currently used approaches to

land classification for forestry

In the history of forest research many systems and methods to show and
predict relations between land (site/terrain) and forest productivity have
been designed. Most of the work done so far, however, has been specific-
purpose or single-factor studies (e.g. the growth potential of a specific
tree; the limitations of terrain factors for a specific type of logging
equipment). In several.countries general classification systems. (mostly land
capability classification) have also been developed. These afe, however, not
very specific with regard to different types of possible forestry land use.
The current state of the art has been presented -in three other papers of
this workshop. Some pertinent shortcomings of existing systems are as fol-
lows.

1) In many cases only one aspect of forest use has been considered. Usual-
ly this is timber production. In classification systems developed thus
far, other aspects and objectives have only received cursory attention.
One aim of this workshop is to emphasize that there are other land use
objectives in forestry, e.g. recreation, environment protection, nature
conservation, production of fuel wood, etc. This has already been elab-
orated on in another paper on Land Utilization Types for forestry (more
specifically in Table 1). This emphasis is considered important for a
more systematic approach to land evaluation in which it should also be
possible to compare the suitability of the same land unit for different
types of forestry land use.

2) In current forestry practice, classifications by tree growth on the one
hand (site classification) and forest operations on the other (terrain
claséification) are still strictly segregated. Aspects of environmental

protection are rarely taken into account; if they are considered, they
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3)

4)

-are mostly evaluated independently from tree growth and forest

operations. We are convinced that a land evaluation study will only
have value if these three aspects are combined when assessing land
suitability. One aim of this workshop is obviously to stress the need
for this integration by emphasizing it in the choice and content of
other papers. One of the tasks of land suitability classification will
be to stimulate an integrated discussion of these different aspects.
In many cases the land classification systems developed for forestry
are indeed classifications of the land. They provide descriptive infor-
mation on how land can be divided into units on the basis of properties
that.affect growth or management. Mostly this is done irrespective of
the specific requirements of a specific Land Utilization Type. In fact,
the result is a classification of land qualities. Examples are given by
the preliminary stages of Scandinavian terrain classification systems.
In the Swedish example, for instance, several factors or land qualities
are considered, including ground condition, slope, incidernce of slash
and stumps, each divided into 5 classes and defined in rather fixed
terms. They provide an objective general system to describe terrain
characteristics uniformly. In addition to this primary classification
system, a secondary system has been developed in Sweden applying the
general ipformation from the primary system to the prevalent LUTs, .
whether or not the latter are explicitly mentioned. Although this is
a good example of land qualities being related to the land use require-
ments of a specific LUT, it has to be realized that such a secondary
classification system is only applicable to that specific LUT, while it
only gives information on aspects important for forest operations and
not for wood growth or environment al protection. It may be clear that
other forest management systems, such as those with only a few machin-
ery inputs or with a recreational function, will require other inter-
pretations of the land characteristics. Thus, in land evaluation the
land use requirements have a strong influence on the classification and
interpretation of land qualities.
In the past many capability systems have followed the examples given by
the USDA land capability systems. They resulted in different land class-
ification systems for different types of land use. Well-known examples
are the USDA Land Capability System for Rainfed Conditions and the
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Canadian Land Capability Classification for Commercial Forest. This
often makes it difficult to make suitability comparisons with other

types of land use. It has been the practice within the U.S. capability

classification systems to assess land suitability accordingvto the

presence of limitations, but without specifying for which land use the
limitations are indeed limiting.
In these systems, land suitability is basically assessed for agricul-
tural purposes, implying that lands suitable for agriculture are also
suitable for forestry and other uses. The result is a classification in
which classes 1 to 4 are suitable for agriculture, while classes 5 to 8
ére suitable for other uses. In such a system it is not evident if and
why land in class 2 would be more suitable for agriculture than for
forestry, or vice versa. ! '
The Canadian system makes use of index species to indicate potential
productivity of the land corresponding with capability classes. Thus,
in Alberta, Canada, white spruce is the pFincipal index-species, beT
cause it has the highest potential ﬁroduction in most of the area.
If the highest capability class is assigned to a land unit, this indi-
cates that on that land unit white spruce has the highest potential
production relative to the study area. However, it is not evident what
capability class this land has for another species, e.g. jack pine. It
might well be that the same land unit would have a lower capability
class if instead of white spruée jack pine were taken as index-species.
With this classification it is not poséible to assess the difference in
suitability for the two species on the same land unit; in addition, ﬂo
information is given on other relevant factors such as possible differ-
ences in limitations for forest operations. When it comes to classify-
ing the suitability of land for a certain LUT it is important that this
be done individually, but with the same approach for each relevant LUT.
Only then will it be possible to compare suitabilities of different
LUTs on the same land unit and to decide which LUT should be given
preference.
Most land classification systems used in forestry deal with the actual
(existing) conditions of land. A land capability classification, by its
nature, indicates the productivity of the land as it is. It is often al-
so of interest to know how much land suitability will change when land
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conditions are improved or when limitations are made less serious. Such
improvements and their respective costs and effects on the operations
of LUTs can be important enough to bring about changes in the ultimate
suitability classification. Several categories of improvements can be
distinguished, which are discussed further in a subsequent section:
Inputs and improvements. )
There is also the question of the recurrent costs involved in the oper-
ations of a LUT, therefore affecting the suitability of land for a LUT.
There are, in fact, no or few examples of classification systems con-
sidering this aspect, except in very detailed studies, where the evalu-
ation is predominantly eqonomic.

Costs (and benefits) do not necessarily have to be.expressed in mone-
tary terms. They can be expressed in physical terms. In this case, the
different '"costs" and '"benefits" of different combinations of LUTs and
land units are compared with each other in the land suitability assess-—
ment. For instance, the amount of fertilizer needed to improve natural
fertility of a land unit, or the extra labour needed for weeding or
fire protection can be compared when comparing two LUTs on the same
land unit, while at the same time the increase in wood growth of the
trees in these LUTs is compared. '

It may be noted that the aspect of related cost is important, especialj
ly when improvements are involved; necessary costs for management, pro-
tection, etc. can differ among differeﬂt LUTs and therefore influence
the suitability of the LUT.

Many suitability or classification systems are weak in the sense that
norms and standards for the distinction between suitability classes are
not clearly defined. When suitable, marginally suitable and unsuitable
land is identified, it must also be known why and how the distinctions
between these suitability classes are made. This becomes even more im—
portant and more difficult when types of land use are more specifically
defined. In fact we have to assess the suitability for every land utili-
zation type, for every land use system we consider relevant. In the land
evaluation approach discussed we call these norms and standards land
suitability criteria. This subject will be discussed elaborately in a

subsequent paragraph of this paper.
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Land evaluation, a systems approach

General concepts

As has already been indicated in the introduction of this paper, we have to
understand the complex relationships between land use and the land on which
these land uses perform. Therefore we try to simulate these relationships

by building dynamic land use models and by studying their behaviour. Such

models have to be dynamic because they change with time. For the purpose of

land evaluation the term "land use system'" has been developed to give con-
crete form to such models. ' !

The term "system'" has many meanings, varying from sets of interécting phyéi—

cal elements (e.g. the "land system", describing a mapping unit in some re-

connaissance resource surveys) to relationships'between land and user (e.g.

the land tenure system) and to land cultivation techniques (e.g. the manage-

ment system). Toebes (1975) observes that most systems have three things in
common:

- a collection of elements,

- relationships between these elements,

- a rationale for selecting elements and relationships.

Toebes also gives the following definition of the concept system.

- A system is a collection of elements and their relationships, selected
for their bearing on the questions asked or the goals pursued and re-
lated to similarly selected systems in its environment.

This concept of a system is also valid for the "land use system” introduced

here. Such a land use system can be divided into two main components or sub-

systems, as shown in the diagram below. This division is, of course, an ar-

bitrary one; it only serves the purpose of land evaluation.

Land Use System

Land Use

We have to realize that the above land use system is in fact a model, (LUS)m,
of the real land use system and that by analysing such land use systems for
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the purpose of land evaluation we are really simulating real situations.
Furthermore we have to be aware that, as in general, the whole (of the LUS)
is more than the sum of parts (here land and use), while it should also be
recognized that a LUS is in itself part of a larger system: the environment,
the universe.

The rationafle for this land use system approach, however, is that we have

to arrive Jt a study of the whole system rather than of the components which

are difficult to integrate afterwards.

The_application of land use systems in land evaluation

The above diagram can be made more specific in terms of land evaluation:

Land use system

Land
Land utilization
unit type

This diagram shows the whole land use system (LUS), divided into its two
main components: the land unit (LU) of which we want to evaluate the suita-
bility for a selected relevant land utilization type (LUT).

The main purpose of land evaluation is to predict the behaviour of such a
LUS. ‘

When considering the above definitions on the concept of systemé (Toebes,
1975), we also have to know: ’

- what elements are relevant to define the system,

- what relationships exist between these elements

- what rationale is used to select elements and relationships,

- what goals are pursued by evaluating this system,

- what relationships exist between ‘this and other systems.

In the first place, we want to know what the outputs (Y) are of the land use
system (outputs in the form of goods.(like timber, fuel wood, fruit) as well
as in the form of services (soil conservation, recreation, etc.). At the
same time we want to know.what inputs (I) are needed. Secondly, to under-

stand how inputs interact in the system and how outputs are derived from
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the system, Qe have to know which elements define the two subsystems: the
land unit and the land utilization type. For the land unit these elements
are the land qualities (LQ); for the land utilization types they are the
key attributes determining the land use requirements (LUR) of each LUT.

With this information we can draw up a more detailed diagram of the land

use system (Fig. 1).

Fig. 1. A diagrammatic representation of the major elements of the land

use system.

Land use system

LU LuT

I — 1Qs LURs _ Y

Of course the dimensions expressing land qualities and land use requirements
should be similar, otherwise we cannot compare them. To predict the beha-
viour of this land use system we also need information on the relationships
between I, LQ, LUR and Y. Although this information should preferably be as
quantitative as possible, this will often be impossible, in which case quali-
tative information will have to be satisfactory. LUR and LQ are variabie and
dynamic in time; ‘therefore, we also have to describg What the above relation-—
ships are expected to be at various stages in the future.

The main rationale for selecting elements and relationships is the under-
standing that we cannot handle too much data in such a land use system. A
selection of LQs and LURs has to be made so that only necessary data is in-
cluded. '

Basically the goal of evaluating these land use systems is to facilitate the
decisions on optimal land use: those land use systems that together reach
the goal of optimal land use are selected.

As each land use system is again part of a larger system (e.g. the whole
environment, a watershed, a geographic planning unit), the interactions of

each land use system in its larger system also have to be known.
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The_relation structures of the land use system

In other papers ample attention is given to land use requirements and to-
land qualities. This paper will emphasize the relationships between inputs,
land qualities and land use requirements, and outputs.

There are many studies done on the relationships between land qualities and

* outputs (e.g. soil characteristics and wood growth in many site classifica-
tions in forestry). There are certainly also examples of the studies of the

effects of inputs on land qualities (e.g. the effect of irrigation on water

availability, of basic phosphate dressings on nutrient availability). And

_there are many studies where inputs and outputs are directly compared.

However, these three relationships are very rarely studied within the same
model. One of the purposeé of land evaluation is to give proper attention
to all three relationships. Many of the studies dealing with only one of
these relationships can be called black box models. This might especially
be true for studies comparing inputs and outputs difectly, as in many eco-
nomic evaluations. You add something and you get an output, you add some
more fertilizer and you get some more output. In land evaluation it is at-
tempted‘to make the needed data analysis more functional, to understand the
interacting processes in the (land use) system between inputs and land quali-
ties and land qualities and outputs and so between inputs and outputs. In
other words, an attempt is made to open the above mentioned black boxes.
Knowing the fundamental rules of a land use system consisting of a structure
of relationships, it may be easier to predict the effect of the inputs on
the outputs. Therefore, having knowledge of the three relationships and hav-
ing good information on two.of the elements (e.g. land qualities and outputs),
. can make it possible to better predict the third elemenf: inputs. In the end
such an integrated study of elements and relationships will save time and
money, and it may also increase the possibility of transfer of knowledge.
Thefe is a fourth relationship interfering with the first three: the rela-
tionﬁhip between land qualities and land use requirements or better the
‘degree of adaptation between them. This relationship has its effect on the
level of outputs and the need for inputs.'This will be discussed in a sub-
sequent paragraph of this paper. h
As has been stated before, it must be kept in mind that these relationships .

are dynamic. Their nature will change with time. Although this aspect might
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be especially important in forestry, it is also important in land evalua-
tions for agriculture requiring long-term predictions. In forestry the land
use requirements of a tree stand, the inputs and outputs and even the land
qualities may change due to the maturing of the stand. In agriculture over
longer periods of time, desalinization, irrigation and drainage may influ-
ence the land qualities, the need for other inputs, outputs and cropping

patterns.

Monitoring the elements, in this respect, is a very important means to update
our knowledge on the relevant relationships in a land use system, e.g. to

measure modifications within a shifting cultivation system.

A summary of the land evaluation procedure

Before discussing several aspects of land use systems and land evaluation in

more detail, a shor; summary of the land evaluatiop procedure is presented,

emphasizing the simulation processes within. The whole cycle of simulation
consists roughly of the following:

I. Problem analysis: At the outset of a land evaluation study there is the
present situation with one or more kinds of land use and one or more
different land units. In short, the existing land use systems have to
be studied and their limitations indicated. At the same time the socio-
economic development situation has to be assessed.

II. In an abstraction phase descriptive models are made of newly proposed
land use systems, thus combinations of land units and land utilization
types. Abstraction because of the descriptive nature of these models of
"real" systems. Only those data on land and land use, which are needed’
in the further evaluation procedure, are considered.

IIT. Deduction: Through deduction we try to select optimal land use systems.
This deduction is done in two separate steps (Beek, 1978):

a. Descriptive analysis.
Input-output analysis: comparison of physical inputs that will
ameliorate constraining land conditions, their management and

conservation, with the effects or "outputs" to be expected from

such inputs. Each input-output combination is handled as a sepa-
rate option.

This information is needed for the next step.
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b. Prescriptive analysis. ]
Land suitability classification: classification of the suitability
of a particular land unit for combination with a particular land
utilization type.
Land units of comparable suitability are combined in the same land
suitability class.
During the land suitability classification the best input-output
combination for each LU, LUT combination is selected.
This is the combination that places the land unit in the highest
possible suitability claés if operated by the land ufilization
type in question. Thus land suitability classification is a type
of optimization process.
Many of the deduction processes can also be called a kind of "matching",
in which inputs and outputs, land qualities and land use requirements
are combined in an optimal way. "Matching” will be elaborated on in
subsequent paragraphs.

IV. The last step of the cycle is the realization of recommendations. This
cannot be done, howéver, before the entire land use planning process
(of which land evaluation only forms a part) has been completed and the
necessary policy decisions have been made.

Figure 2 (Beek, 1978) summarizes the cycle followed in a systems approach to

land evaluation.
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Fig. 2. The cycle of a systems approach .to solving land use problems.

present (real) use : land = future (real)
situation ' situation
STRACTION . N\ '
descriptive model \
of newly proposed land
land utilization utilization land unit \ )
type and of land type
conditions \
DEDUCTION . _ \
|
land REALIZATION
. . . (incl."non-realization"
utilization suitable . .
model of "optimal" type land in case of unsuitable
land utilization- " (adjusted) Land)
land combination ﬂﬂ
land use recommendations //
land suitability classifications //
other deductions e
policy decisions ~

Important aspects related to a systems approach to land evaluation

What_are the main questions asked in land evaluation?

In view of the points made in the above paragraphs, we can underline the
main questions to be answered by a land evaluation study. These questions

relate to:

- Productivity (output), Y,

- Inputs, I,

- status Land Qualities, LQ, '

- status Land Utilization Types (LUT) and Land Use Systems (LUS),

- location and extension of Land (evaluation) Units, LU.

Of course, we want fo know what the products of the land use systems we

propose will be in terms of goods (wood, fruit) as well as in terms of
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services (clean ground water, recreation). We certainly also want to know
which and how many inputs are needed to acquire these outputs.

However, we also want to monitor and predict what will happen to the land
qualities, with or without inputs, for better or for worse. What irreversi-
ble changes may occur in natural fertility level, in soil structure, in
microclimate, in drainage conditions, in erodibility, etc. It is a very im—
portant task of land evaluation, and one of the main tasks in physical land
classification, to predict these environmental impacts for the medium and
the long term.

The status of land utilization types and land use systems might be less im-
portant in agriculture. In forestry, however, this is probably a most impor-
tant point requiring information because of the often 1ong‘rotations, the

" difficulty to change decisions made earlier, and the mere fact that forest
vegetations are almost alﬁays ecosystems with a very complex set of inter-
actions.

It might be underlined here that we can often answer these questions des-
criptively, without saying if it is good or bad. An important part of the
land evaluation task has probably already been fulfilled if we can provide
descriptive answers to the above questions as well as information on the
location and extension of land units and their grouping into land evalua-
tion units. Descriptive here means providing information without indicating
relative suitability comﬁared to other possibilities, as opposed to a pre-

scriptive approach.

How does vegetation fit into the land use system model?

Whether vegetation belongs to the land unit or to the land utilization type
when considering the land use system model is indeed debatable. In many land
inventories, vegetation is certainly considered to be an integral part of
any land unit. In forestry, vegetation is often an important component of
the environment in which wood is produced. This is very clear in mixed
‘tropical high forest, where vegetation is essential, for without it the
high-quality wood species cannot be produced. In this case there are cer-
tainly reasons to associate vegetation with the land unit subsystem. But
this can also be true in other forestry situations. Another case is life-

stock breeding where vegetation, the grass, could also be associated with
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the land. In agriculture, however, vegetation is mostly completely identical
with the- crop, the produce of the land utilization type. It will probably
remain an arbiﬁrary decision, depending on the purpose and the expected pro-
duce. Summarizing we might say that vegetation is often produce as well as

the medium to that produce.

Land_Use Requirements versus Land Qualities

As méntioned earlier, in the abstractionvphase of the land evaluation
process a list is made of relevant land utilization types, which combined
with the land units can form an optional set of land use systems. Afterwards
a process called "matching" is started, corresponding with the first step of
the deduction phase. In principle, this matching process has to be done for
all the combinations of relevant land utilization types and land units. For
each combination, a proposed land use system, the matching consists basical-
ly of the following:

- an analysis to deduce to what extent the land unit is suited to the
land utilization type;

- an analysis to explore how land unit and land utilization type can bet-
ter be adapted to each other. This can be done by improving the land
qualities of the land units with inputs and/or by modifying the land
utilization type and therewith its land use requirements,

T - a prediction of the effects of these inputs on the land qualities;

- an input-output analysis comparing the inputs with the outputs result-
ing from the effects of the inputs on the land use system.

The result will be a list of possible combinations of modified land utiliza-

tion types and land units with improved or unimproved land qualities, to-

gether with specifications of inputs and necessary costs to achieve these
modifications, of impact of inputs on land qualities and of outputs expected
from these combinations.

Although inputs and oufputs are important elements of this matching process,

its main focus is the confrontation of land qualities with land use require-

ments. They are the ultimate abstractions of land unit and land utilization
type. It is by them that land and land use are compared to select optimal
combinations., It is therefore imperative that both LQ and LUR be formulated

in the same dimension. If a land use requirement is "high moisture
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availability", it is preferable that this be expressed in the same physical
terms as the land quality "moisture availability", for instance in mm.

In reality, this matching consists of an iterative process of a series of
approximations. At the outset of a land evaluation project only general in-
formation on LUTs and land units will be available. In the coursé of the
project more detailed data becomes available and the more one knows, the
more one can adjust. Therefore, mostly in a project taking several yeérs,
this matching and adjustment of inputs and outputs, of land qualities and
land use requirements will be repeated several times before a final recom-
mendation is reached. It is a process requiring experience, a high reference
level and much common sense.

It might be underlined here that this matching process indeed makes up a
very important part of a land evaluation project. It is this matching of
land use requirements with the land qualities for a specific combination of
land utilization type and land unit (LUT-LU combination or land use system,
LUS) which indicates the suitability of a given tract of land for a certain

use.

Inputs and_improvements

We can distinguish between recurrent and non-recurrent inputs. Recurrent
inputs are applied to the land in regular time intervals, once a year, every
month or even every week. Examples are yearly fertilizer applications, daily
water gifts by irrigation; they can also consist of other minor land improve-
ments as yearly ditching to improve field drainage.

Non-recurrent inputs'are applied only once. They will often have the nature
of major land improvements, being permanent and irreversible and requiring
important capital investments. Examples of major land improvements in forest-
ry are- the opening up of forests, breaking of hard-pans, deep ploughing,
drainage of swamps and peat soils, installation of irrigation systems for
tree plantations in semi-arid regilons, terracing, soil conservation measures
and also establishment of plantation forest (as is the case in the Dutch
Flevopolders, where poplar plantations on recently reclaimed soils in Flevo-
land are irreversibly changing soil conditions). However, non-recurrent in-
puts are not necessarily always major land improvements, as in the case of

clearing of stumps or the one-time application of a basic phosphate

313




dressing, which do not require a high capital investment or are not of a
reaily'permanent nature.

In general, when speaking of inputs and improvements in the context of land
evaluation, we are speaking of inputs to and improvements of the land and
more specifically of the soil or land surface. There are, however, cases ia
which énputs are applied directly to the crop or the vegetation, e.g. spray-
ing of insecticides or fertilizers directly onto the leaves, as is indeed
the case. . in forestry and horticulture. The input does not go into the soil,
soil fertility remains the same, the land quality availability of nutrients
is not impréved, but nevertheless a higher output will be produced. Still,
in the case of fertilizer, a relationship between this input and soil fertil-
ity can be conceived: the spraying of fertilizer onto the leaves might pre-
vent a further decline of the soil nutrient level,

The problem here touches in fact the point discussed earlier: is vegetation
to be considered as part of the land or part of the land utilization type. .
If vegetation is parﬁ of the land, there is no problem: the input is an in-
put to the land.

Another debatable case is for instance the intersowing with lupins. Is this
to be considered as a modification of the land use (LUT) or can it also be
seen as an improvement of the land (improving soil fertility)?

In general, however, to keep our model of a land use system (LUS) as simple
as possible, inputs to and improvement of land should be distinguished from
modifications of the LUT (such as other exploitation techniques, change from
hand to power saw, thinning practices, spacing of trees).

Information on inputs is important for our understanding of two important
relations: Inputs/Land Qualities and Inputs/Qutputs., In the first case, I/LQ,
we need information specifically on kind and quantity of inputs. In the
second case, I/Y, information on cost of inputs is most useful. The informa-
tion on and understanding of these relationships is not only important for a
descriptive land evaluation, but also for a more prescriptive evaluation in
which the suitability classification has an important part. Although in the
descriptive part.it can already be concluded if the application of an input
is technically possible and desirable, in the prescriptive part it must be
concluded if the application is really §uitab1e in view of other alterna-

tives and in view of the costs related to the value of the outputs.
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Of course, there can also be different levels of inputs and improvements
corresponding with lower or higher levels of technology, requiring cheaper
or more expensive inputs. .

In the context of irreversible changes of the land one should also consider
negative changes, especially measures such as clearfelling of natural forests
which can cause e.g. the formation of hard plinthite layers or the loss of
the upper soil horizons by erosion. Also, such changes involve costs that

have to be included in a land suitability assessment.

Goals pursued with land evaluation

The overall goal of land evaluation is, of course, to arrive at recommenda-
tions for optimal land use. This rather abstract formulation can be made
more precise by defining realistic land use objectives.

- Examples' of general land use objectives can be:’

- adequate food supply for rural population,

- agricultural production for export,

- sustained production of the land,

- . conservation of the environment,

- recreation,

- high labour employment in agricultural production.

More specific ekamples of land use objectives geared to forestry can be:
- adequate supply of fuel wood,

- timber, pulpwobd‘production, »

- conservation of natural forests,

- protection against erosion,

- combined production of food and wood; agroforestry,

- storage of genes,

- provision of local household materials.

The selection of one or more of these land use objectives in a study area
depends also on the socio-economic and political context of that study
area, i.e. on the overall development situation, on labour and capital con-
straints, on government policies and objectives, on the objectives of the
local population. This political, social and economic environment imposes
constraints on the land use making one land use objective more relevant

than another. Information on these objectives is necessary to know the range
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within which technically and physically possible types of land use are con-
fined. In other words, the political and socio-economic context of an area
provides important references for setting the standards for a physical suit-
ability classification, here called land suitability criteria. In the paper
"Land Utilization Types for Forestry" ample attention is given to defining
land use objectives.

Once these land use objectives are defined it will be a further task of land
evaluation to decide how these land use objectives can be met optimally,
thus fulfilling the goal of optimal land use. This to be recommended optimal
land use also depends on the land conditions and the relevant land utiliza-
tion types or in short, on the relevant land use systems.

To achieve these recommendations on optimal land use, the following deduc-
tions are made, corresponding with step 2 of the deduction phase discussed

""possible" models of land use'systems, resulting from

earlier. The proposed
the matching process described before, are now matched with the land use ob-
jectives. This is done by a land suitability classification for which land
suitability criteria are necessary. In other words, although we knoﬁ, as a
result of the matching process, which land unit can be combined to what ex-
tent with which land utilization type, the suitability of such a combination
in view of the defined land use objectives still has to be assessed. If, for
instance, one of the land suitability criteria is that "only a very low
level of soil loss is tolerable" because "protection against erosion" is an
important land use objective, then the land use system in question that can-

not meet this criterion is unsuitable.

The above is illustrated in Fig. 3.

'

Criteria for land suitability classification

The paper "Land Utilization Types for Forestry" explains how land utilization
types are defined. An important step is the selection of relevant land use
objectives. The same land use objectives are equally important for the prepa-
ration of standards for land suitability classes or land suitability criteria.
To this end the same sources of information, the same major and minor deter-
minants of land use, are relevant.

The essence of a land suitability classification is to judge to what extent

land use objectives are met by the proposed "possible" land use systems; the
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' Table 1. Land suitability criteria (Beek and Bennema, 1972).

(A) BIOLOGICAL CRITERIA

. choice of adapted crops (wide/limited)
yield (high/low)
performance reliability (regular/irregular)

multi annual yield trend (marginal net return rising/sustained/falling)

(B) SOIL MANAGEMENT CRITERIA

timing of field operations (flexible/fixed)
choice of adapted field equipment (wide/limited)
i performance of field equipment (high/low)

seedbed quality (high/low)

‘(C) CONSERVATION CRITERIA

trends in land degradation (improving/sustained/falling)
change in landscape situation (improving/sustained/falling)

hazards for the introduction of éndemic diseases (absent/present)

(D) DIVERSIFICATION CRITERIA’

. land resource allocation (enterprise proportions fixed/limited) .
degree of land use intensity (intensive/extensive)

; carrying capacity (close/far from proposed utilization)

resource use alternatives (many/few)

elasticity in selection of plot/farm size and shape (free/limited)

(E) ECONOMIC CRITERIA

employment absorption (high/low)
production costs (high/low)
benefits (high/low)

cost of land improvement (high/low)

repayment capacity of investments (high/low; short/long term)
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Fig. 3. A diagrammatic representation of systems analysis in land

evaluation (from Beek, 1978).
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latter have to be assessed for their relative suitability. Each of these
land use systems will ﬁeet to a certain degree a land use objective. For
practical reasons the resulting scale of degrees to which a land use ob-
jective is met can be divided into suitability classes, e.g. ranging from
low to high suitability. '

However, -land use objectives and land use systems cannot easily be compared
as such., For this purpose land use objectives are translated into land suit-
ability criteria, which are more precise reflections of land use objectives,
expresse& in the same dimensions as the inputs, land qualities; land use re-
quirements and outputs, the elements defining the land use systems.

While we have been dealing with land evaluation mainly in a descriptive way
until now, land suitability classification has a prescriptive nature. The
definition of and agreement on land suitability criteria is then of crucial
importance. On the basis of these criteria it will Be decided if a land use
system is considered suitable. _

For each land suitability criterion the values of the land suitability
classes correspond with the different.ﬁégrees to which the land use objec-
tives are met. To define the differences and the boundaries between suita-

bility classes, critical levels have to be established. Examples of land
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suitability criteria are given in Table 1. ]

The final land suitability classification has to take into account more than
one land suitability criterion, rarely expressed in the same dimension. Land
suitability classes are therefore mostly verbal descriptions, dealing separ-
ately with the different land suitability criteria and the degree to which
these classes meet the respective land use objectives.

When all these different criteria have to be taken into account in the same
final land suitability classification, such a classification may become too
complex and unpractical and therefore meaningless for land use planners.

To avoid squeezing toé many criteria in the land suitability classes it is
recommended to separate conclusions related to the different criteria, for
instance in tabular form, and not to pay too much attention to aggragating
multi-dimensional variables. Table 2 gives a very simple example of four
Tand suitability classes defined separately for yield and soil loss. Another
possibility is to present an environmental hazard map and separate tables

with inputs and outputs for the.land use systems concerned.

Table 2. Specification of land suitability classes.

An example.

CLASS c].—yield <, ~-erosion losses
kg/ha kg/ha
I > 5000 0 - 100
11 4000 - 5000 100 - 200
3000 - 4000 ) 0 - 100
III 3000 - 4000 . 100 - 200
v - <3000 ’ > 200

Distinctions in land evaluation approaches

Depending on purpose and expected detail of the results, different aspects
of the land evaluation can be emphasized. Three important distinctions are

the following:
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Internal versus overall land evaluation

Internal land evaluation means evaluation of the suitability of each land
use system without considering its external effects. However, the selection
of such a land use system or combination of land unit and land utilization
type will also have repercussions on other land units or on the selection
of other LUTs on other land units. For instance, an erosion-conducive LUT
in the upper parts of a watershed can have downstream effects. The evalua-
tion of such impacts and effects has to be part of an overall land suita-

bility assessment.

Descriptive versus prescriptive land evaluation

The field studies and surveys, the definition of land utilization types, t
rating of land properties and land qualities, the expression of the land u.
requirements, all are of a descriptive nature. Also the description of lan
use systems, the matching of land qualities with land use requirements, th
anaiysis of necessary inputs and expected outputs, the identification of e
fects of inputs on land qualities are part of descriptive land evaluation.

No qualification is given on suitability.

For a prescriptive or normative classification we need norms to distinguis

between good and bad land, between class 1, 2, 3, 4 and 5. In land evalua-

" tion these norms are expressed by the land suitability criteria.

It is, of course, an important goal of land evaluation to provide recomme

dations on suitability. However, a good descriptive evaluation with a pre

cise analysis of land limitations and land use requirements is already an

important result.

Physical versus integral land evaluation

Physical land evaluation concerns the bio-physical aspects of land and la
use. In this classification, inputs and outputs are expressed in physical
terms, distinct from an integral land evaluation in which the variables ¢
commensurated and expressed as far as possible in monetary terms. An inte
gral land evaluation includes the physical as well as the socio-economic
evaluation. Often the socio-economic evaluation will follow the physical

evaluation; in other cases the two can be done synchronously.

320




Conclusions and recommendations

An important aim of this land evaluation approach is to select, integrate
and analyse the relevant data systematically, presenting the results as
simple as possible. It is a continuous exercise fitting well in other mod-
ern concepts of data analysis, of modelling multi-dimensional components

in environmental planning, of monitoring dynamic system modelling, of simu-
lating land use processes, etc.

There are tendencies in the world towards strong specialization of disci~
plines and mono-disciplinary studies of the components of land and land use.
The authors of this paper, however, want to emphasize the need for more in-
tegration and more interdisciplinary teams in land evaluation and generally
in land resource studies. This may not always be possible, but the more sur-
veys become problem oriented, especially on detailed, implementary scales,
the stronger the need for cooperation between physical scientists, econo-
mists, sociologists and planners.

An important question is still unanswered: How detailed must the land evalu-
ation results be for use by economists and land use planners, at different
scales and purposes. Physical scientists tend to include too many factors,
paying too much attentionvﬁo the detailed aspects of their disciplines, mak-
ing it difficult for economists and planners to absorb and use the necessary
results. Therefore it is indeed necessary to simplify the data base, to
select only those data relevant for the purposes of the study by presenting
results as clear and simple as possible.

There are good arguments for irntegrating land evaluation in a broader scheme
of land use élanning. It has to be realized, then, that land evaluation makes
up only a small part of the whole land use planning process. To what extent
economists, planners and investors are indeed interested in such an integra-

tion of land evaluation in their planning procedures must be investigated.

A more consistent dialogue with planners and economists, who are to apply
the land evaluation results, is necessary. Such a dialogue could be struc-
tured by identifying in an early stage the kind of problems to be solved
together with these disciplines. In this respect, deciding on the desired
mapping scale is one important problem.

An important recommendation to make the land evaluation approach more spe-
cific is to develop separate guidelines for land evaluation/land use
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planning at different levels of details, for different broad development
issues as well as for different agro-ecological zones.

FAO has already prepared draft documents on land evaluation for rainfed and
irrigated crops. This could also be done for forestry and grazing.

Different guidelines could also be made for different broad agri-ecological
zones as the semi-arid, sub-—humid, humid, tropical, subtropical and temperate
environments or even more specific for the Sahel zone, tropical Southeast

Asia, mountainous monsoon regions in Asia, the Amazone Basin.
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. as .on external factors likevprivate and especially public

PROBLEMS OF LAND. SUITABILITY CLASSIFICATION FOR FORESTRY
IN CENTRAL-EUROPE

R.Plochmanh,‘ .
CHATR OF,FOREST POLICY AND FOREST HISTORY, Munich,
Bavaria, F.R.G.

Summary |-

The problems of a land suitability classification for forestry
_in Central Europe are represented. After a short historical
review the situation of the today prevailing multiple-use
”ferestry in Central Europe is described in detail. It is

' characterized on the one hand by the fact that the choice of
a specific.forest utilization type does not so much depend on

internal suitability factors of a certain forest land unit,

demands and objectives' On the other hand the situation is

" marked by unsufficient planning 1nformat10ns, a fact that
'1mpedes a meaningful suitability classification at present.
:Thisfis.ésbecialiy true for forest site determination,
,: terraiﬁeeiaesificatibn, forest invento?y and forest function-
(‘:plaﬁﬁiﬁg;.The opinion'iS‘heldxthat the.evaluation of the
.suitability of certain forest land units in Central Europe
:'_is only poSsible after an differentiated evaluation of the
.‘potentlal su1tab111ty has been done,'con51der1ng the given
multlple forest untllltatlon type, the land characteristics,
. the! potentlal land . development as well as the social and
'feconomle conditions. Due to the lack of the respective
pianning-data.and -techniques such a suitability classification
;Wi}i not be conducted in Central Europe in the near future.
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Introduction

Ever since forestry on a.sustained basis was first developed
and applied in Central-Europe (defined here as Austria, the
Federal Republic of Germany, and Switzerland), efforts have
been made to classify the suitability of land for growing
timber. Forest utilization types, such as coppice or age-class-
'systems, and types based on tree species, such as beech,
spruce, or mixed forests, were usually classified by their
capacity for volume growth. The physical criterion of volume
growth could be used in economic calculations to determine

the rate of return on invested capital or the total net return.
Such classifications and calculations made it possible for
forest owners to decide which of a number of alternative forest

utilization types would best meet their individual goals.

This system was no longer satisfactory after public goals
became most important in determining how forest land 'should

be used. The necessity for intensive land use planning in
densely populated and highly industrialized Central-Europe
made it imperative to evaluate the characteristics and
qualities of forest land. The almost universal competition
between individual and public goals, and between different
public goals on one forest land unit, create problems for
determining forest utilization types, appraising the
suitability of land units for each type, and developing a land
suitability classification system for forestry. This paper will

discuss those problems.

Conditions Affecting Land Suitability Classification

in Central Europe

The conditions that affect the evaluation and classification
of forest land for specific uses in Central-Europe are easier
_to understand if one knows something of their history.

The natural forests of Central-Europe are estimated to have
occupied over 80 percent of the land area. The difference
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between that and the present one third of the land area, shows

the loss of forest through clearing. This clearing process
took place in the Middle Ages, mainly between 1100 and 1350.
The uses of some lands have changed several times since then
through repeated clearing‘and natural reforestation or
artificial afforestation. But the general process had these
results: )

i) On most land units, forests were restricted to sites
that could not be used for agriculture, at least not
with the means and techniques of the times. On the
bulk of the remaining forest area forestry was and
still is the economic and ecologically optimal use
of the land.

ii) The intensive clearing had made forests a scarce
commodity by the end of the Middle Ages, not only
in terms of timber supply but at least locally and
regionally for their protection functions. This
led to the preservation of forest land through
legal means and government actions from the end
of the Middle Ages on. The conversion of foresf
land to other land uses is no longer one of the
rights of ownership. Any conversions are subject
to governmental decisions in which private benefits
from a change and public interests in forest
preservation are carefully considered.

iii) As a result, the physical or "internal" factors
of a land unit do not always decide its optimal
private use, and the demands of the public for
services and the effects of the forest or

"external'" factors must be considered.

The remaining forests in Central-Europe have been intensively
used over hundreds of years. Devastation of the forests by
overgrazing and overcutting and degeneration of the soils

by shifting cultivation, coppice forestry and litter raking
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led to losses in forest productivity and soil fertility. The
redevelopment of productive forests could only be achieved
through a change in forest composition from natural hardwoods
to evergreen spécies. With rare exceptions, Central-European
forests are '"man made', though they vary in how far they have
departed from natural conditions. The susceptibility of these
forests to damage (and even catastrophies) from biotic aﬁd
abiotic factors is high. In spite of this, intensive planning
and management for over a century have resulted in well-
stocked and productive forests with a nearly normal age class
distribution.

These remaining forests, already heavily modified by human
utilization, have had to assume new roles as a result of the
development of society during the last quarter century.
Protection, recreational and ecological.functions of forest
land have become equal to timber. production, and locally or
regionally may even rank higher. The consequences can be
summed up in the following ‘points: o
i) The preseration of the forest area has become one of
the highest ranking goals. Changes in land use were
restricted by government control to relatively small
areas. Losses of forest area by unavoidable clearing
have, until recently, usually been compenSated for
by the afforestation of submarginal agricultural land.
Regional disparities in the amount of forest are
large, especialiy between urbanized and rural areas.
Current changes in land use are made through
complicated planning processes on regional and/or
local levels. '

ii) Forest lands managed under a single-use concept for
public goals are rare and on insignificant areas,
such as those under full nature protection. Their
suitability has to be given. Forest lands that
are managed‘éxclusively for timber productioﬁ and
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yield social services without special expenditures

do exist in rural areas but have decreased lately.

Their suitability for economic timber production

varies widely, but the legal management obligations

of a forest owner hold for marginal and even sub-

marginal forest land.

iii) Because of the scarcity of forest land and the

diversity of the expected products and services,

the gfeat majority of forest lands must be managed

on a multiple use concept. This
expenditures for different uses
the normal management. Multiple
established by free will in the

means that
must be made within
use can be ’

management plans

of a forest owner or can be enforced through legal

declaration of a forest land unit as a protection

or recreation forest by the government. Such a

declaration can be combined with impositions and

prohibitions for the management

of the unit.

Whether a multiple use concept is followed and a particular

forest utilization type is therefore chosen, depends not so

much on the characteristics and qualities of the forest land:

unit - especially around concentration areas - or the given

situation of the forest as on society'

s demand for protection

and recreational services. It is not the suitability of a land

unit, nor its internal factors, but rather the pressure of

demand, the external factors, that force the selection of

specific forest utilization types. In

the vicinity of large

cities, for example, forests are often intensively used for

recreation in spite of unsuitable soil types, low erosion

resistance, high fire hazard, steady noise level, and large

monocultures.

A further special problém of land suitability classification
is found in Central-Europe where two or three kinds of land
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use overlap on one forest unit. This is true for hunting on most
forest land and for grazing on much of it in the Central
European Alps. In many cases the people who use the land for
hunting or grazing are not identical.with the land owner and
forest manager. The goals of the different users are
competitive, the coordination is poor, the responsible
government agencies are in controversy, and the results are
detrimental for the forest. Very often proper relationships
do not exist between the characteristics and qualities of the
land, the chosen forest utilization type, and the grazing
and/or hunting use.

The Situation of Land Evaluation for Forestry in

Central-Europe

Until about a decade ago, land evaluation for forestry in
Central-Europe was restricted to management planning for
single units of various sizes. Planning concentrated mainly
on decisions about the management system - such as coppice,
selection, or age class - species composition, rotation
length, and silvicultural treatment. The criteria for such
decisions were not exclusively economic but took intangible
benefits such as erosion protection, nature conservation,
and aesthetic values into consideration.

In contrast to the economic criteria, benefits were not
assessed in phyysical'terms.Until the middle of this century,
alternative use types were based on expected volume growth
rates derived from a comparison of the height of tree species
at a given age on the ground and the existing yield tables
for that species. Only since then has the assessment of land
characteristics and their transformation into so-called v
""site maps' become an important instrument of planting. Such
site maps, which show the suitability of different forest
utilization types on the given site types, actualiy exist for
less than half of the total forest area.
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A forest terrain classification that would assess land
qualities related to management and working conditions is
not yet available at all. Such a terrain classification-
with its information about trafel conditions and accessibi-
lity - and therewith possibie working systems, needed
investments and expected expenditures - would complement
most effectively the more biologically oriented information
on site maps. A descriptive forest terrain classification
system based on soil conditions, microtopography, and degree
and form of slope, that would not be limited to Central-
Europe was proposed by Loeffler (1979). There are no clear
indications that the Central European forests will be
classified by such a terrain classification system within
any reasonable period of time.

The compilation of such a forest terrain classification
could be combined with a mathematical/statistical forest
inventory without difficulties. The inventory would be an
important supplement to the site classification. It would
allow us to judge to what degree the current forest

resource is suitable to its land base and to compare the
present situation with a pbtential one that showed a better
or even an optimal suitability. The necessary improVemehts
could be deduced and their realization planned in long term
programs. It may be surprising that in Central Europe, the
~cradle of modern sustained forestry, only Austria has such

an inventory available (Braun, 1974). In the Federal Républic
of Germany, the state of Bavaria is the only one that has

run a statewide inventory and compiled a forecast of its
timber resources (Franz, 1973, 1976). A federal forest
inventory is only in the planning stage. Switzerland too

is still in the discussion stage of a national forest inventory,
despite the fact that the preparatory work for such an
inventory has been completed.

This short review of the existing situation shows what
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restricted and poor data and material were'available for a
land and resource evaluation for forestry at the time that
land use planning started on national, state and regional
levels in Central-Europe. This was regrettable because the
modern forest legislation passed during the 1970s in Austria
and the Federal Republic of: Germany ordered the responsible
public forest services to furnish forest planning
contributions to the state and regional planning processes.
That planning had to:be done on the basis of the public
objectives and goals that the forest legislétion had laid

down.

The handicap of such planning stems from the fact that these
general goals and objectives .do not allow one to determine
the regional or local goals and objectives for individual
forest land units with consideration of their external and
internal\factors;'or to draw the consequences for their

management.

Austria and all of the states of the Federal Reéublic,éf
Germany have developed different, but basiéally similar
methods, to integrate forestry .into the general land use
planning process. Surveying crews studied on the ground
which social services and/or effects have to be rendered

by each treatment unit of a forest enterprise. Forests

were classified as different types of protection forests
against natural dangers 1ikelerosion, avalanches and water
draining, protection of forests against civilization dangers
like noise, emissioﬁs, waterApollutioh, and recreation
forests. One treatment unit can belong to a number of such
.types, which can be brought into a hierarchical order. It is
not the land characteristics or qualities or the stand
conditions, and therefore not the actual supply of services
and effects that are decisive for such a classification, but
rather the given demand situatioﬁ, which means the extefnal
factors. The survey results in a type map showing the mosaic
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and overlapping of types and in a textual part which includes
guidelines and proposals for the further management of one
type or certain type mixes under given site conditions. The
classification has been finished for the Federal Republic of
Germany. It is under way in Austria. '

The methods used have raised a series of questions and problems
which are yet unsolved. They are mainly:

i) Physical terms to assess a number of services and-
 benefits were not available or could not be investigated.
The classification could therefore not be based on
limiting values but had to follow estimations and
subjective criteria.
ii) An assessment was also impossible because of the lack
of cost-benefit analyses. The monetary value of
.services. and benefits cannot be calculated in most
cases. None of the many proposed evaluation methods
has proven to be satisfactory and been.accepted. There
~are no signs that this will change in the near future.
Only in Germany has an attempt been made to investigate
the higher éosts and lower returns of forest enter-
prises per hectare and year that result from production

of forest recreation and other services (Kroth, 1976).
That investigation was only able to show the évérage
burden and its variation in certain regions like
concentration areas or rural areas without. tourist
industry. It could not relate the costs to classification
types. The social costs and benefits of different
classification types, which can also be considered as
utilization types, are therefore not available now and
will not be in the foreseeable future.

iii) A suitability evaluation was not part of the forest l
planning process for land characteristics and qualities
nor for the actual forest conditions. Although such
evaluation methods have been developed theoretically
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and testéd practically for recreation forests by
Gundermann (1972) and by Ruppert (1971) as well as for
erosion protection forests by Gundermann (1974), they
have not been applied:in practical work. The

planning of an optimal forest condition and the
evaluation of a potential suitability classification
is fherefore just as impossible as the calculation of
the necessary investment and the optimal allocation of

the always limited -funds.

iv) Central European multiple use forestry has to overcome
yet another handicap. The classification of a certain
treatment unit in one or a number of forest protection
or forest recreation types does not determine what
would be the optimal production mix of goods and
services..Such an optimization is a basi¢ requirement
for management planning following such a classification.
But methods and techniques to‘accomblish that task have
not yet been developed. Goal programming and linear
programming with combined optimization - two methods now
used in the USA - have not yet been adopted in Central
Europe (Sinden and Worrell, 1979, Bell, 1977).

Consequences for a Land Suitability Evaluation for Forestry

in Central Europe

A classification of land by suitability orders which indicate
whether it is suitable or not for major kinds of land use is

no longer needed on natioﬁal, regional or even 'local bases in
Central Europe. Thfough a historical process of one thousand

years the present pattern of major kinds of land use has been
formed. Today that pattern is rather strictly set and offers

only minor opportunities for deviation. Where the land use is
changed, the reason is more likely to be public demands than

private interests. Moreover before any change can take place,
the case must pass through a planning or investigation and
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permission process by government authorities. The suitability
evaluation is therefore case bound and not an object on larger
land units. A classification system in these respects is not

necessary.

That leads to the question of whether a land suitability
evaluation is adequate or necessary where forestryvis the
present as well as the future land use. The intensive
utilization of practically all forest land over hundreds of
years and the management of forests on a sustaiﬁed basis for
100 to 200 years has in itself served as a suitability
evaluation for the proper kind or type of forest use, at least
in reSpect’to timber production. Al;owing'for some exceptions,
the question has already been answered whether a particular
forest land unit is more suitable for a coppice or an age
class management respectively for beech or pine forests.

Only the social .development in Central. Europe during the last
quarter century and the concomitant new demands for forest
services has ﬁroduced'a need for a new—plaﬁning and evaluation
process. Society expects that large areas or proportions of
forest land will be managed for multiple use, if one defines
this as: '"more than one kind of use simultaneously undertaken
on the same area of land, each use having its own inputs,
requiréments and produce'" (A Framework for Land Evaluation,
“ILRI 1977). Y

Because multiple land use requires inputs in non-timber uses
which produce mpsfly "unpriced values”,such.use is mainly in ‘
the. public and not the private interest. The consequence 1is
that multiple land use places restrictions on the private
forest land owner in the free use of his property. These can
either be considered as his social obligation or as an
_expropriation with the right to pﬁblic compensation. But any
such restrictions must have a legal base. So a land suitbility
evaluation in Central Europe pnly makes sense if it can be
based on forest utilization types that are classified
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according to the respective forest or nature protection laws.
A unique classification scheme for Central Europe is therefore
impossible.

Multiple forest utilization types normally combine timber
production and hunting with one of the protection uses,'the
recreation use, or a combination of them. Nature conservation
or the maintenance of close-to-natural forest situations can
be another kind of use, which grows in importance as forests
become more valuable as regeneration areas for nature (Haber,
1972, O0dum, 1973). The classification of such multiple use
forest types must be based not on internal factors but on
social demand or external factors such as protection against
dangers caused by civilization, recreation, or even protection

against natural dangers.

The services and intangible benefits produced by such multiple
use types do not depend primarily on the land's characteristics,
but on the situation of the forests growing on it. This means
that an evaluation of the current suitability of forest land
units is only possible after an evaluation of their potential
suitability has been made, which considers the multiple use
type, the land characteristics and qualities, the potential
stand development, and the social and economic conditions.

In other words, under the given circumstances in Central-
Europe, a determination of the optimum multiple forest use
type is a basic prerequisite to the evaluation of its current
land suitability. ~Only such an optimization would allow one
to calculate the opportunity costs, any required compensation,
and the needed investments, and to allocate the available funds
according to their maximum effectiveness.

The forests in the Federal Republic of Germany have been - and
‘the ones in Austria are on their way to being - classified by
multiple forest use types which are based mainly on external
factors. An accompanying evaluation of the current land
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suitability was not possible, because

i) land characteristics and land qualities are surveyed
by site classifications on only part of the forest land;
a terrain classification is not undertaken;

ii) Forest inventories are available only for Austria and

Bavaria;

iii) an optimization is not undertaken because optimization
techniques and methods for practical application have
not yet been -developed.

Even to the extent that classification of multiple forest land
use types has so far been completed in Central-Europe, the
work: has not been carried on to an evaluation of land suita-
bility, and this will not be done for some time. The lack ofﬂ
such an evaluation of current .and potential suitability is a
handicap for a goal-oriented forest policy.
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APPLICATION OF THE FRAMEWORK FOR LAND EVALUATION TO FORESTRY
IN DEVELOPING COUNTRIES

M.F. Purnell

FAO, Rome, Italy

Summari

The Framework for Land Evaluation was developed by international
collaboration to facilitate the classification of land suitability for
specific uses particularly in the developing countries. Some of the main

objectives, principles, features and shortcomings are outlined in relation

to their significance for classifying land units for multipurpose forestry.

The Framework is well adapted to plantation and intensive forestry and can
be used for existing forests and savanna woodland. Preparation of a prac-

tical manual of land evaluation for forestry is proposed.

Introduction

FAO has for many years been involved in classifying land suitability for
varipus forms of develophent. The Framework for Land Evaluation was devel-
oped, by international consultation and ‘collaboration over a period of
.yea:s, in order to reduce duplication of effort and to facilitate transfer
of teéhnology by a degree of standardization in working methods. The prin-
ciples embodied in it are intended to be universally applicable, and the
methods proposed are sufficiently flexible to be suitable for most situa-—
tions. The Framework has mostly been used as a basis for interpreting
national land resource inventories and for agricultural &evelopment
projects.
The classification of land suitability for specific uses is an essential

preliminary to rational land use planning, both on the macro-scale at
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national, regional or project level, and on a micro-scale for village or
farm planning. It would be an aid to land use planning to develop an inter-
nationally acceptable.system for evaluation of land suitability for differ-
ent kinds .of forestry use, and preferably a system compatible with those

used for rainfed and irrigated agriculture.

Land evaluation for forestry

The main methods used to evaluate the suitability of forest lands can be

divided into two kinds:

1. forest mensuration, the site index, and the use of vegetation types as
a guide; ’

2. evaluation of suitability of the environment by either selected diag-
nostic features or by a holistic approach using land units, site types
or environmental ordination (Jones, 1969) as the basis.

The first group aims at a measurement or estimate of the existing forest

productivity, and are analogous classifications (if used to .indicate land

suitability) which assume that if growth is the same the suitability is the
same. This may not be very reliable when it comes to regrowth or response to.
management, but such methods have their value for their own specific uses,
and also serve as an input into the second kind of evaluation.

The second group is site-factor or "matching" classification. That is to say,

that the characteristics of the site are matched with the requirements of the

forest use in order to predict the suitability, and hence the productivity,
of the site for that use. »

The objectives of land suitability classification depend on whether.it is for

a natural forest or a plantation or proposed plantation, and on the scale at

which the work is to be done. They can be summarized as:

I. to make the best use of the land (particularly when forestry competes
with other uses);>

2. to justify proposed uses, including multipurpose use such as for soil
and water conservation, recreation and timber production;

3. to help predict the results of forest management under various condi-
tions for specified uses (for example, cutting practices or selection
of species to be planted);

4. to quantify the costs and benefits as an aid to selection of the best
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land use. (These may include economic and other criteria such as

provision of employment, energy balance etc.)
To achieve-all these objectives a site-factor land evaluation is needed. To
promote transfer of forest technology requires a systematic standard method-
ology for such land evaluation. Because of the large areas and the commonly
low unit value of the land, an accepﬁable system evaluation needs to be
rapid and simple and at the same time give reliable results. In so far as
these are conflicting ideals the system must be flexible enough to encompass
both rapid reconnaissance evaluations and detailéd investigations where the

predictions must be reliable.

The Framework for Land Evaluation

The Framework for Land Evaluation is now sufficiently well known that no
. complete description is required here, but some salient features may be

emphasized particularly as they concern forestry.

The limits of land.evaluation

The whole process of land evaluation can be summed up as

a) inventory of the land resources;

b) determining the (forest) land use rquirements;

¢) matching the requirements to the resources in order to determine land
suitability for a specific use; .

d) presentation of the resultant land suitability classificatidn.

These may be regarded as stages but the process is cyclic or iterative: for

‘example the land use requireménts and the matching procedures affect the way

the inventory is done and vice versa. Nevertheless, it is important to v

appreciate the distinction between land resource inventory and land.evalua-

tion. Methods for the former are well documented (soil survey, climatology,

forestry, etc.) and can be taken as available for use in land suitability

evaluation. For example,.the fact that topography or land facets may be

easily determined by remote sensing does not affect the evaluation of their

significance for forest land use, though naturally it is desirable to evalu-

‘ate using features which are easily mapped provided that they give reliable

predictive results.,
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It is also important not to confuse land suitability evaluation with land
use planning or project evaluation. The land classification is an essential
prerequisite for rational land use planning or for the economic evaluation
and planning of project implementation, but both of those activities involve

much more than land evaluation.

The principles of land evaluation

The Framework gives guidelines to systematize the principles and procedures
of land evaluation while recognizing that no standardized evaluation system
could cope with all envirommental and socio-economic conditions. The prin-
ciples on which reliable site~factor land evaluation rest can be summarized
as follows:

1. The evaluation is of land and not just soil conditions (nor just forest
growth). All aspects of the environment need to be considered though
their significance will vary (climate, soil, water, vegetation, loca-
tion, etc.).

2.  Land suitability must be for a specific use which must be defined (i.e.
in terms of the kind of forestry operation, species of trees, manage-
ment level, etc.). '

3. Evaluation must be in terms of benefits obtained in relation to inputs
needed on different kinds of land. This commonly means economic values
(the degree of quantification varying with the data available) but can
equally well be employment provided, energy balance, pollution, etc.

4.  Evaluation must be related to local physical and socio-economic condi—
tions. Assumptions often implicit in assessments of suitability should
be explicitly stated. This applies especially to such features of the
economic context as the marketability of the forest products or commu-
nity attitudes (FAO, 1978).

5.  Evaluation requires comparison of different uses. This may be between
present use and potential use after stated improvements for one or more
forms of forest management, or it-may be a comparison between different
species for plantation, etc. _

6. Suitability is for use on a sustained basis. This normally means with-
out soil degradation or declining productivity. (However, such delete-

rious effects as acidification by conifers in the tropics or the
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"specific replant problem" after clearing a first stand may have to be
accepted.)

7. A multidisciplinary approach is required. Specialist contributions are
needed, from foresters, soils scientists, climatologists, economists,
etc. Qualitative evaluation of physical conditions in a general econo-
mic context may be possible by an experienced person with good techni-
cal backstopping, but quantitative economic evaluation requires a team
of specialists to produce reliable results. There is no need to labour

this point at a joint IUFRO/ISSS meeting.

«

Features of the Framework

Some of the main features of the methodology which the Framework recommends

can be summarized as follows:

1. Specific land use types must.be defined. Examples might be: protection
forest (hills in water catchments, sand dunes), production forest,
plantations and irrigated forests, with definitions of species, manage-
ment, etc. Such definition of the forest use envisaged, can in itself
be a valuable product of land evaluation.

2. The classification can be for present conditions or for potential suita-
bility after specified inputs. The difference is clear when forest

planting is envisaged. For standing forest the difference refers to pre-

dictions of responses to management including logging or clearing. If no
change at all is envisaged there seems to be little point in classifying
suitability (for what?) and this may be the case of some areas of tropi-
cal forest.

3. The Framework distinguishes between qualitative and quantitative clas-
sification. The former mainly has regard to physical features but in
relation to the local economic context; the physical aspects should be
quantified as‘much as the data permit. The latter means that distinc~
tions between suitability classes are made in numerical terms, usually
economic, which permit objective classifications between different
classes”in relation to different kinds of forest use. Except for a few
intensively managed plantations, forest evaluations in the developing
countries are mostly qualitative.

4. Either land characteristics (generally physical features) or land
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qualities (relationships between physical features and plant growth,
etc.) can be.used to evaluate suitability, but the two should not be
confused or used together. In general, forestry evaluations have used
simple land characteristics, or selected diagnostic features, for-speed
and simplicity. The use of land qualities is more complex and fequires
reliable information on the requirements of forest uses (species re-
sponses to enviromment, critical factors for management, etc.) which
are usually lacking. However, for research or for intensive forestry,
the use of land qualities seems more rational and more likely to lead
to advances in understanding of the factors that control land suita-
bility.

5. The classification proposed has two orders: suitable and non-suitable
land; land classes which distinguish degree of suitability; subclasses
which differ in the nature of the limitations; and unﬁts which have
only minor differences in management requirements (for intensive de-
tailgd'work). For forestry, as for agriculture, the most important
critical values to establish are those separating non-suitable from
suitable land and those separating first class land, with few limita-

tions, from more problematic lands.

Presentation of results

The results are commonly presented as land suitability classes which are
usualiy shown on a map. Tabular presentation of the legend as described in
the Framework (FAO, 1976; FAO, 1977) permits a large amount of information '
on different uses and management inputs to be shown without drawing more
than one map (important where drafting facilities are limited).

It should be noted, however, that one does not have to use land classes -
results can be presented as input-output requirements for the different land

units or mapping units. if that is preferred, as it may be, by economists.

The usefulness of land suitability evaluations for foréstry depends on them
providing what the user requires in a form which is readily understandable.
This aspect requires as much attention as the methodology of making the

evaluation.
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Application to forestry

The principles and procedures of the Framework have been adapted and

applied for the past few years in many countries for classifying land suit-

ability for forestry, sometimes on projects where forestry is the main com-

ponent (e.g. Gaddas, 1976) and more commonly where forestry is just one of

- a number of potential land uses (e.g. Indonesia, Sierra Leone, Sudan). Such

classifications have almost all been very general without much attempt to

quantify either the relation of forest growth résponse to environmental fea-
tures or the differing inputs required, and benefits expected, on different
land classes, though attempts have been made to define critical limits for
management practices (e.g. slope, stoninessland flooding subeclasses).

Some criticisms have been made of disadvantages said to be inherent in the

methodology of the Framework:

1. It is said to be too complex and therefore too time consuming and ex-
pensive. However, it need not be; the .complexity largely depends on the
definition of the (forest) land use types according to the scale of the
work and the degree of specificity and reliability required. Having a
ready made methodology may well save much time wasted in developing a
iand suitability classification. It must be recognized, however, that
there is a trade-off between simplicity and reliability: if the system
is too simple it is less reliable (even misleading): increased relia-
bility can only be purchased at the cost of greater complexity.

2. Cost-benefit analysis is said not to be suitable for all forest
purposes. Nor is it suitable for all ‘agricultural development purposes.
Cost-benefit analysis is not an essential feature of the Framework and
should only be used where it is appropriate.

3. The long growth period of forests makes it difficult to judge the re-
liability of the evaluation. Much the same fhing applies to crops like
rubber, but by systematically attempting to classify suitability of
environmental conditions in different circumstances the reliability im-
proves and also there is a spin-off in better understanding of manage-
ment requirements (Chan, 1978).

4.  Failure to achieve the multidisciplinary approach puts in question the
realism of the methodology. It is probably true that failure to obtain
collaboration between the varioﬁs disciplines, often in different
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ministries, is one of the commonest causes of unreliable or unusable
land classifications. It can be observed, however, that the larger
land resource survey agencies, both governmental and private contrac-
tors, are increasingly fielding multidisciplinary teams. In any case,
the existence of a relatively standardized, internationally accepted
method of land evaluation can only help to increase cooperation be-
tween the disciplines. Even where interdisciplinary teams cannot be
fielded the results of single specialist evaluations are likely to be
more acceptable to other specialists if based on a standard method.

5. Evaluation of off-site (e.g. downstream) effects and multipurpose use
are not adequately covered. This is indeed a technical problem but not
confined to users of the Framework. The same problem arises with land
evaluation for irrigation-where suitability of land for irrigation de-
pends on hydrological conditions in the wholé catchment, riparian
rights up and downstream, downstream pollution effects, etc. Likewise,
suitability for pasture land may depend on distant dry season grazing,
etc. It is important to distinguish land evaluation from project.evalu-
ation and macro-plamming of land use. By using the Framework mutual

, benefit would be derived from sharing attempts to deal with this prob-
lem.

In general there is little disagreement that the methodology of the Framework

is suitable for classifying land for plantations and for intemnsive forest

management. However, its relevance to the tropical rainforest or tropical
savanna woodland or scrub is more problematical. The value of low intensity
survey and evaluation is unquestioned for the cases where land is to be zoned
for forestry and other uses, and where costly management is to be introduced

(for example in Nicaragua very small applications of phosphates can double

rates of forest regrowth on suitable soils). But where the expected land use

is a continuation of unmanaged forest or woodland anything but the most gen-
eral and inexpensive "guesstimates'" of suitability may not be justified.

Future developments

To complement the concepts and guidelines set out in the Framework, a prac-—
tical manual of land evaluation for rainfed crops is being produced by FAO.

A similar manual for irrigated agriculture is being developed in association
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with the US Water and Power Resources Services. A manual could be produced

for forestry by collaboration among foresters, soil scientists, land evalu-

ation specialists, land use planners, etc.

Such a manual might well include the sections mentioned below.

1. An introductory outline of the system for land evaluation for forestry
to make clear the guiding principles, the (limited) objectives, the
stages of the evaluation process (resource inventory, requirements of
forest use, matching of requirements to resources), etc.

2. A brief account of inventory methods, for climate, soils, forest pro-
duction, etc., which are all adequately covered in other standard
publications, with suggestions on their interaction with the interpre-
tative methods of evaluation.

3. Instructions for the selection and description of relevant forest land
use types (with examples of the major ones). -

4, An account of the land characteristics and land qualities which affect
the suitability of land for forest uses. As a guide to the field worke
this should include: - .

i. a checklist of diagnoétic features (to avoid'overlooking any);

ii. some examples of sets of critical values of the land qualities fo
specific uses (e.g. for species or for forest types), followed by
warning that any such critical values may not be universally appl
cable and must be confirmed for each site.

5. An account of the matching procedure, for predicting the results of
specific uses in an identified and described environment.

6. Instructions for methods of presentation of the results, that is as 1lz
suitability classes shown on maps, or as economic input-output predic-

tions, or in other ways.

Conclusions

The main argument of this paper is that the Framework for Land Evaluation
describes a system which is flexible enough, to provide a basis for evaluat-
ing the suitability of land for the numerous and varied forest uses. There
are obvious advantages in using a system which is compatible with that use
for agricultural land suitability evaluation, and which is already widely
known and used.
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' If this meeting decides that the moment is opportune to develop a more
! sysfematic approach to land evaluation for forestry and that the Framework
t is a suitable basis, the next step might well be to work towards producing

a practical manual to provide guidelines.for land evaluation for forestry.
i " Such a manual would facilitate the transfer of silvicultural technology,
and the better integration of multipurpose forest land into land development
programmes devised by land use planners, development economists, agricultural
development agencies, etc. It could have universal use, but it is particu-
larly needed in the developing (mostly tropical) countries to which we par-

ticularly refer.

.
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