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FOREWORD

These guidelines present procedurss for conducting land evaluation with
particular reference to forestry. The principles and methods described here
will be found applicable to most forest land use planning situations. These
could deal with choices among kinds and intensities of land uses, for example
forestry versus agriculture, or timber production versus soil/water congervation,
selection versus intensive forest working; or could relate to different levels
of planning, for example national, provincial, district or local. Effort has
been made to give a balanced emphesis to different aspects of land evaluation,
vig. technical, economic, social and environmental.

FAQ's ectivities in land evaluation began with practical experience in
field projects dating from the early 1970s. Contributions were brought together
in a series of meetings, starting in 1973, culminating in the publication of
the Framework for Land Evaluation in 1976.

Experience in using the Framewsrk in field projects and in training courses
showed that, although it provided a comprehensive coverage of the basic concepts
and approaches, substantially more detail was required regarding the specific
needs of evaluation for different purposes. This led to the idea of preparation
of a series of more specific guidelines, for example, rainfed and irrigated agri-
cualture, and the present one on forestiry.

The present gnidelines should not be regarded as a definitive manmual on land
evaluation for foresiry. Rather, they represent a summary of present knowledge
gnd experience. In future, it may be possible to prepare more specific guidelines
on land evaluation for different forestry purposes, e.g. afforestation, wildlife
management, soil and water comservation etc. The immediate need is to put these
guidelinee to the test of practical experience in field projects, in order that
the experience gained can lead to future improvements. I sincerely hope that
foresters and other specialists engaged in forestry land use plamning or {training
activities on the subject will find this work useful and interesting.

l 3 B
/
sistant Director-General

ri

/ Forestry Department
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CHAFTER 1

THE NATURE AND PURFOSES OF LAND FEVALUATTON FOR FORESTRY

1.1 Introduction

Decisions about the use of land have a2lways been part of human society. One of the
earliest decisions was concerned with the question: which forested land should be
cleared and converted to agricultural uses? Such decisions continue today in areas
where growing populations require more land for food production. Inereasing demands
for timber and, more recently, fuelwood, have led to land use changes in the opposite
sense, the establishment of forest plantations.

Beaides changes between foreat and non-forest uses, there is a wide range of
decigions involving choice between different types of forestry. To what extent should
the management of a particular forest be directed towards timber, pulpwood or fuelwood
production? How important are non—timber forest products, the soil and water conserva—
tion functions of forestry, use by local commmities for grazing, or recreational uses?
Recent emphasis on mmlti-purpose foresiry has widened the range of such management
options.

Forestry plamming has always taken account of the influence of conditions of the
land, whether on inpute, as in the higher maintenance and harvesting costs on steep
or rocky slopes, or on potential output, as in climatic and soil effects on the growth
rates of trees. The approach and methods of land evaluation were developed in order to
provide a systematic framework for assessing the effects of land on potential production
and other benefits,

The basis of land evalunation ie comparison between land uee end land. The land
uses considersd can range from broadly defined clamses, e.g. softwood plantations, con-
servation forestry, to uses described in more detail, e.g. by tree species, silvicultural
methode and harvesting practices. Land refers to all featuree of the natural environment
which can influence its use by man; land includes not only landforme and soils but also
climate and vegetation, including existing forest mtands,

Esch kind of land use has a set of conditions which are favourable or adverse to
that u=e, its requirements and limitatione. What is a severe limitation to one kind of
use may be less serious or even beneficial to another. The focus of land evaluation is
to assess the requirements and limitations of each kind of land use and compare theme
with the properties of different aream of land, This provides assesszments of the suit-
ability of the different types of land prement in an area for each of the uses. Com-
perieon between theme suitabilities provides information to guide decisions on land usme
planning and management, particularly on the choice between alternative =sites.

1.2 Features of foremst land use

Forestry as a form of land use has & rumber of distinctive features, a= compared
with agricultural and grazing uses, which have important consequences for land
evaluation.

d. Long time scale The pericd from planting a tree to harvest is rarely
less than Bix years, frequently at least 15 and sometimes over 100.
This means that forest management decimione, once taken, are difficult
to change. Sustained yield forest production must take account of the
long time scale by producing an orderly mequence of tree mtands of
different ages.



ii.

iii,

iv.

Multiple functions Forest lands usually have many uses and values. Wood

roducts, whether timber, pulpwood or fuelwood, are often the major product.
Non-wood forest products { eometimes called 'minor forest producte'), such as
gume and resins, thatching materials, fruit and roots, can be of substantial
importance. Water is frequently a product from forest lands; for some river
catchments the value of water in streamflow exceeds the potential value of
wood producte. Soil comservation ie an element in all forest menagement.
Forest= may be planted apecifically for reclamation of degraded land.
Biological conmervation is a valued benefit, inelunding both commervation of
flora, or genetic resources, and fauna (wildlife). Uses for recreation and
tourism range from wildernmess aress with restricted access, through the use
of plantatione for walking and riding, forested national parks for touriem to
highly commercial development for camping, boating, etc. There are almo
benefits which consist of the use of forest land for what are normally non-
forest uses: agriculture, grazing and fisheries. These include forms of
agroforestry, a group of land u=e systems in which woody planis and crops or
livestock are maintained on the msame area of land, with an ecological and
economic interaction between the tree and non-tree components. Many of the
forest products and benefitms other than timber can be of special importance
to local commnities, for example, fuelwood, non-timber products and forest
grazing .

Multiple nme forest management is ménagement designed to optimize the
benefits, in goods and services, from the different functions of the forest.
There are incompatibilities between maximizing all benefits, leading to
management conflict=z. Land evaluation needs to take into account all of the
multiple functions, and also the interesis of each of the heneficiaries from
them: govermment or other owners of the forast, local communities, and more
distant communities which benefit from coneervation.

Different levels of management intenmity There is a wide range of forest
management intenmity, from unmanaged wildlands, with more or less natural
vegetation, to intensively managed forests composed of melected species with
their growth and form improved by management.

The epectrum of management intensity commences with natural forestm
valued for their conservation function and managed only by protection. Almo
at low management intensity are forests subject to melective logging and
without any effort towards regeneration. At the next stage come those pro-
ductive natural forests in which regeneration is almomt wholly natural. This
is followed by forests ijmproved by a variety of silvicultural practices for
obtaining regeneration of desired species. The next stage is that of forest
plantations. The tree mpeciea are selected and planted, and may include
axotic species and improved genotypes of native species. Trea form ie
improved by pruning and thinning, there may be protection against insect
damage, and possibly improvements in site quality, e.g. by drainage.

Land evaluation needs to take account of these different levels of
management intensity. At the lower levels, it is frequently not practicable
or economic to apply high levels of inputs; forest productivity is dependent
on natural growth potential. This lends added emphasie to land qualities
affecting growith and, in particular, to mite limitations whieh it may not be
poesible to corrsct. As management intensmity increases, s0 also does the
capital invested and the value of the product per unit area. A correspondingly
greater survey effort becomee justifiable, invelving more detailed gathering
of information and more sophisticated methods of analysim and forecasiting.

The role of conservaiion A conservation function is always present in
forestiry. Where the primary aim im wood production, conmservation iB mtill
essential. In other types of forsatry the conservation of water, soil and
biclogical remsources is the primary objective. This situation is not found
in egricultural forme of land use, and requires sdaptations to land evaluation
procedures.
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The need to plan in space and time OCne of the main planning needs in
forestry is for a sustained flow of output. Thie has to be achieved on land
with widely differing cheracterimtics, and hence variable potential for tree
growth. Achievement of sustained production requires forecasts of growth
rates on different sites, coupled with a programme of phased planting.

Reconciliation of the various multiple umes also calle for careful
spatial planning. A particular case arises in watershed management projects,
in which parts of the arem are allocated to verious kimdms of productive use,
both agricultural and forestry, whilst in other areas, conservation is given
priority.

1.3 The nature of decisions in forest land use plamming

The basic kinds of planning decision found in foreat land uee planning,
including development projects and foreat management, are as follows:

is

ii.

iii.

Which kind of land use? Frequently of critical importance in land
use planning are decisions between forestry and other major kindas
of land uee. Such decisions include the conversion of forests to
agriculture; the conversion of other uses of land to forestry, a=
in the eatablishment of foremt plantations; and the allocation of
land between different uses in multi-purpose land settlement,
development or watershed management projecisa.

Which kind of forestry? Before management can be planned, decisions
need 10 be taken on the relative importance of the different miltiple
uses of foremts. A basic choice iB between forests intended first
and foremost for timber production, and those in which conservation
is the primary aim.

Whichk kind of forest management? Given the land that is to be under
foreat, and the kinds of products and other benefits expected from
ity there are decisionas on methods cf forest management demigned to
achieve theme ginms.

Cutting across the types of decision are spatial scelea at which forestry
planning takes place. These may be classed a=s:

i,

2

iii.

Clobal or continental level This refers to strategic studiesr under—
taken in intermational egencies as a basim for broad planning guide-
lines. The FmO/UNEP’Erogical Forest Resources Asgessment Proiect i=s
a major world-wide mtudy of thie nature, not itself an evaluation,
although providing much related date (lanly, 1982).

National or provincial level These are studies of whole countries, or
the major regions or administrative divisions of larger countries,
They msy be the basis for decisions on allocation between major types
of land use, e.g. traneformation of foremted land to agriculiure,
establisiment of national parke, cstchment protection zones; and

alsoc for establizhing guidelines for different types of forestry,

e.g. that land with certain slope clamses should remain as protective
forest.

District or project level These are studiea which cover smaller
administrat.ve divieions Buch as districts or counties, larger water—
sheds, or project aress. Objectives may include the location of land
to be allocated to timber production, fuelwood production and con=
servation forestry; smeslecting the beat available areas for establish-
ment of foresi plentations; coordinating future forest production in
terms of smpace and time; or allocation of land between forestry, crop
production and grazing in multi-purpose development projects.




iv. Local level These are studies carried cut for detailed mansagement
purposes, frequently of a compartment, the bounderie= of which are
already determined. Changes in kind of land ume, between forest and
non-forest, can also take place at this acale, e.g. to regularize and
limit the extent of incursione, or to prepare a village land management
plan.

There ie an interaction between planning at these different scales. On the
one hand, strategic guidelines at the national and provincial levels clearly provide
a framework for district or project level planning, and similarly as from the district
to the local levels. There is also a converse effect. Every decision taken at a
local level, e.g. to expand or reduce the area of production forest, has a cumulative

impact on the overall position.

Froposed land use changes at any level of planning

therefore need to be appraised in the light of their effects on the wider situation.

Table 1.1 gives examples of combinations between type of decimion and level of

planning.

objectives lie in relation to this matrix.

In conducting a land evaluation it may be helpful to identify where the

Table 1.1 Esxamples of land use planning decieions in forestry

LEVELS OF TN RE 108 BHCISICN
PLANNING Kinds of land use Kinds of forest use U R O TEn
management
Global/ Strategic studies of forest | Regional watershed management studies,
Regional regources, supply potential | regional forest rescurces development
and demand studies and promotion of cooperation
among countries,
Nationay/ Conversion of forest to National guidelines on Forest management
Provincial | agriculture or non-forest forestry for production, | pelicy
uees to forest, national protection, recreation
criteria. National parks. etc. Catchment protec—
tion gones.

District/ Convereion of forest to Inplementation of forest | Preparation of
Project agriculture or non-forest land allocation for pro- | forest management
uses to forest. IUstablish-| duction, protection, re-| plans

ment of forest plantations. | creation, etc.
land allocation in multi-
purpese prejects.
Watersehed menagement
Local Adjust boundaries of foreet | Local needs and their Implementation of
reserve. FExtend village incorporation in forest | forest management
forest arez. managemeni plans. plans,




1,4 Functions and outputs of land evaluation

Land evaluation is concerned with identifying possible changes in land use or manage—
ment, such as will meet national or local needs, and with making estimates of the con—
sequences of alternative changeas. Two situations in which land evaluation ie
appropriate have been described in informal terms as follows (Hamilton, 1981):

- A kind of land use in mind, where bhest to do it?
— An area of land at hand, how best to use it?

Although incomplete, this description draws attention to the focue of land
evaluation, thet of deciding where proposed changes in land use or menagement should
be carried out. The need for change oan arise from national requirements, e.g. for
increased timber production; from local needs, e.g. for fuelwood; or from a require-
ment to check or reverse land degradation.

The results of land evaluation give the following kinds of information:

i. Descriptions of land utilization types, covering not only basic
descriptive dats, such as tree sBpecies,but also mansgement practices,
for example, land preparation, tree spacing, dates of thinning and
harvesting.

ii. Suitability maps, showing the assessed suitabilities of the land
units for each of the relevant land utilization types.

iii, Esitimates of the consequences of applying each relevant land
utilization type to each land unit. These conszequences include
inputs, e.g. materials, labour and capital works; outputs, both
material and intangible, e.g. timber production, watershed pro-
tection, tourist poteniial; envircnmental impact, both pesitive
and negative, of alternative patterns of land use and management;
gocial consequences, both favourable, such as meeting local needs
for fuelwood,and adverse, such as displacement of existing
population; and economic_analyBis based on pricing of benmefits
and costs.

iv, There may also be data from basic survey® and specialist studies,
e@.g Boll survey, forest inventory, economic and social data.

The results of an evaluation study are presented as maps and a report. Land
suitability maps provide a summary of the main findings of the survey, in a form
in which 1t can be readily understood and used a8 the basis for planning. The
report gives recommendations and the reasons which led up to them, as well as detail
needed in land use planning and management.

Land evalugtion does not take decisions for the user, whether land use planner
or forest manager. It outlines various alternmative courses of action and presents
the consequences of those alternatives for each of the different types of land
predent in an area. Theee consequences include:



- How is the land currently managed, and what will happen if present
practices remain unchanged?

— What changes in use, or improvements in management practices, are
possible?

- For any such changes in use of management, and on each type of land:
— What possible adverse effects might ocour?
- What inputas, capital and recurrent, are necessary?

- What are the estimated benefits in production or services
from each change?

— What i® the best multiple use forest mansgement, to achieve
the desired balance of inputs, production and conservation?

1.5 Relation %o other forestry techniques

Many established techniques in forestry can comtribute to the procedures of’
land evaluation. Which methods are employed in a particular study will depend on
the objectives, scale and inteneity. Such related techniques include the following:

Forest inventory An assessment of existing forest resources,
primarily the standing crop of timber but, in some inventories,
also the mite types, e.g. slope, s0il and drainage. A forest
inventory is likely to form a major part of the basic resource
surveys in land evaluations for natural forests ( FAC, 198la).

Forest volume estimation An assessment of the timber volume
of natural forests. This technique forms part of forest inventory
and thus has a similar role in land evaluation (Cailliez, 1980).

Forest yield prediction Frediction of the rates of growth of

timber, either of matural forests or forest plantations; includes

site index methods. This contributes to the basic survey component

of land evaluation for both natural and plantation forestry and is

a diagnostic technique of mach importance in the latter case (Alder,1980).

Assessment of logging costs This can form a component of the asBess—
ment Of inputs in the land evaluation procedures (FAQ, 1978a).

Land/terrain/site classification for foreetry This is not a single
technique but a range of methods for classifying either vegetation or
climatic and soil-based site types (e.g. Kilian, 1981; Carpenter, 1981,
Part II). The difference between land classification and evaluation is
that classification ccmsists of description and mapping of the physiecal
land characteristics, without interpretation for specific uses. Land
classifications may form part of the basic surveys in an evaluation. It
should be noted that some past Burveys called 'land classification for
forestry' or similar terms, have, in fact, been evaluations, e.g. for
plantation establishment.

Environmental impact cf forestry Envirommental impact is a required stage
in land evaluation procedures and the eatablished methodology, in as graeat
& deteail 3B circumstances require, can be employed (Zimmermann, 1982).

Economic analveis of forestry projects  The economice of land evaluation
by no means extend to the whole of project analysis, although the boundary
is difficult to define. Some standard techniques of economic analysis can
be employed in land evaluation. Conversely, results of economic land suit-
ability evaluation are an importamt part of the input to project analysis
(Gregersen and Contreras, 1979).




1.6 Plan of the guidelines

Meny past surveys have been conducted for the esteblishment of forest plantations,
or selection of sites for different tree species, which employed the basic approach of
land evaluation. These surveys conmtributed to the principles outlined in the
Framework for land evaluation (Fmo, 1976). Experience showed that the Framework did
not provide enough guidesnce on the detailed procedures to be followed in evaluations
for specific purposes, nor was it alone adequate for ireining purposes, The
principles need to be amplified and, in some aspects, adapted to meet the distinctive
features of forest land use, juet gs in the parallsel account of evaluation for rainfed
agriculture (FAO, 1983a).

The objective of the present guidelines is to set ocut the prineiples, and cutline
the procedures, for the evaluation of land for forestry, including comparison with non-—
forest uses. They are intended for use by govermment officers, FAD field staff and
others engaged in foreat and multi-purpose land use plamning, and by people training
for such purposes. The guidelines do not constitute a detailed evaluation system.
The variety of kinds of forest use, scales of application and physical and sotio-
economic circumstances is such thet no specific set of criteris and critical values
could have general validity. OSuch criteria and values must be established in the
light of local circumetances, either spscific to each evaluation survey, or with
general validity for & given type of forest use within a broad physical and socio-
economic enviromment.

In preparing this account it would have been poesible to produce a series of
descriptions of land evaluation for each of the major purposes — wood production,
conservation, recreation, etc. Thie approach was not adopted, first, because the
basic principles and procedures are the same whatever the kinds of benefit; and,
secondly, for the practical reason that forestry ie nearly always being considered
for multiple use, Instead, the approsch has been to outline each procedure in its
general aspects, branching into separate consideration of different functions where
necessary. In each case, the seaparete functions are treated in the order production -
conservation - raecreation and tourism, with the main emphasis on the production and
congervation functions.

Chapter 2 explains the basic concepts which underlie land evaluation, and gives
definitions of the terminology. Chapter 3 presents an outline of the stages and
procedures involved in an evaluation, Chapters 4 to 11 describe esach of the
puccessive stages and procedures, commencing with the objectives and plamming of an
evaluation and ending with the land suitability classification. Chapter 12 provides
some guidelines for writing the report of an evaluation and for use of the results
in land use planning. Finally, a glossary of technical terms used in land evaluation
is given for reference purposes.
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CHAFTER 2
PRINCIPLES AND BASIC CONCEPTLS

2.1 Principles
2.1.1 General

Lend evaluation rests on a set of principles derived from consideration of the
practical needs of land use planning and management. These principles distinguish the
approach from other methods of land resource survey and land classification,

i. Land suitability is assessed with respect to specified kinds of use.
Thiz is the moet fundamental principle of suitability evaluation.
Bach kind of land use has its own speciml requirements; hence,
different types of land will be best suited to each use. This
applies at any level of decision-making. The different major kinds
of land use - forestry, agriculture, livestock production, etc. -
clearly have different requirements. The various kinds of forestry,
e.g. for timber production, coneservation, recreation, alse differ
widely in their requirements and thus very different types of land
are best suited to each. Within production forestry alone, there
are different requirements for mechanized and non-mechanized methods
of management; for example, rock outcrops and boulders are a less
serious limitation to the non-mechanized methods that are common in
community forestry. Finally, even within one kind of management,
different tree species vary in their growth requirements.

ii. Bvaluation involves comparison between different uses of land.
Evaluation should provide information on alternatives. Planning
and management decisions are by no means exclusively based on land
evaluation, but must take into account information from many other
sources., If the evaluation only presents resulis for a single kind
of use, there is no scope of choice based on other grounds. The com—
parigon may be between forestry and non-forest uses, or between
different kinds of forestry. Where the broad type of use is speci-
fied by the objectives, e.g. fuelwood plantations, then the alter-
natives cover different tree species or methods of management.
Another comparison is between the proposed and present uses,

iii. A multidisciplinary approach is required. Ivaluation needs informe-
tion from environmental sciences from the technology of land use,
in the present case silviculture, and from economics and sociology.
Sound land use decisions cannot be made if any of these aspects are
ignored. Evaluation procedures are designed io integrate these
different sets of information.

iv. Evaluation is made in terms relevant to the physical, economic and
gocial context of the area. There is no unique set of land con-
ditions that is 'best' for & particular form of forest production
and management. The choice depends on the circumstances of the ares,
e.g. labour and capital availability, levels of demand for different
forest products, and the range of land types available in the country.

v. Land guitability refers to use on a sustained basis. This principle
requires that the conservation aspect should always be taken into
account, including when the primary objective is for production
forestry.
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vi. Evaluation requires comparison between inputs required and outputs
obtained. The difference between more and less suitable land for a
particular purpose is often not one of higher or lower forest yields,
but is caused by variatione in costs of inputs and management. Trees
on steep slopes may grow as well as on gently sloping land but the
higher costs of road construction, maintenance and harvesting render
the eteep land less suitable.

vii, The intensity of reguired surveys and evaluation vary with the intensity
of forest land management., Where land has a low value and there are few
opportunities for inereasing its benefits through management, a relatively
low intensity of survey and evaluation i® appropriate. As both the pro-
ductive capacity of the land and its management intensity increase, so
also does the need for more detailed evaluation as a prerequisite for
sound land use planning and management.

2.1.2 Comparison with other approaches

The basic approach of land evaluation is the comparison of alternative kinds of
land use with available types of land; more precisely, the requirements of each use
are compared with the propertiee of each mepped unit of land. This distinguishes it
from other approaches to land resource survey and assessment, those of land capahility
claggification, land classification, and the site class system. There is also a
system of moil potential ratings which rests on fairly similar principles to the
approach described here.

Land capability classification, developed by USDA Soil Conservation Service.
ie a well established form of survey, applied mainly in agricultural land use
plamning, with emphasis on its conservation requirements. It places land into &
graded series of capability classes, from Class I, land with no limitetions to agri-
culture, to Class VITI, land with no potential for agriculture, production forestry
or grazing. Capability classificaetion indicates which land is 'capable' of being
used for a major kind of use, without comparative assessments of the desirability
of different uses. The system has never found favour in forest land use planning
since it carries an underlying implication that agriculture is to be the preferred
form of use wherever possible, Whilst in principle, Classes I ~ IV have a cape—
bility for forestry as well as agricultural use, in practice much forest land is
placed in capebility classes VI - VIIT.

The term land classification has been employed in the past in two distinct
senses. What will here be called 'descriptive land clasmification' refers to
surveys which lead to the production of maps and accounts of the environment as
suochy without reference tc ite potential uses. [xamples are soil maps, vegetation
maps, and maps of forest types or forest land clasmes (e.g. Kilian, 1981; Carpenter,
1981, Part II; FAC, 1983b). Thus a map showing units such as 'lowland rain forest’,
'montane forest','swamp forest' is a land classification as also is a map with units
such as 'coniferous forest on hill land', 'coniferous forest on gently sloping land',
etc. Descriptive classifications can be used as a basis for an evaluation, posesibly
supplying appropriate land units, but if they do not appraise the units with respect
to defined alternative uses, then they are not evaluations.

However, land classification has also been used on occasion to describe what
were essentially studies in land evaluation; for example, assessments of the sBuit-
ability of various sites for pine plantations.

The site class system, employed in forestry practice, is a means of
classifying the relative productive capacity of a site for a given tree species.
The classification is based on measurements of tree growth, not on prediction from
climatic and soil factors. The rate of tree growth self-evidently integrates the
relevant features of climate, soils, etc.
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Site class is thus & powerful means of measuring land suitability for tree
growth and, as such, is incorporated inte land evaluation procedures. (Chapter A
It is a feature of land evaluation for forestry that greater use can be made of
obeerved growth rates than can be made of the corresponding crop yield data in
evaluation for agriculturse.

The method of soil potential ratingzs has heen developed in the United States.
It is a system for analysis of the relative quality of s0ils for particular uses.
Applied to forestry it leade to soil-woodland ratings. The soll-woodland rating
system includes measurements of forest productivity, limiting soil properties, the
effects of these limitations on use and possible corrective measures. Each of these
factors is converted to numerical values, leading to estimates of the percentage
yield reduction (as compared with optimal conditions), the cost of corrective
measures and by combining these, an overall soil potential index. For conditions
in the United States, a considerable volume of detailed information has been built
up (McCormack et al., 1981; U.S. Soil Conservation Service, 1980, 1983).

The system of soil potential ratings places emphasis on soil factors but
some other envirommental conditions, e.g. slope, flooding, windthrow hazard, are
aleo included. It covers effects on management as well ae tree growth. This is a
detailed system of land evaluation, based on similar principles to those described
in the present volume. Seme of its features, notably the conversion of ratings to
relative percentage values, could be adapted for use in evaluations in other
countries.

2.2 Basic concepts and terminology

2.2.1 Introdiiction

Land evaluation is the process of assessment of land performance under specified
kinds of land use. It consists basically of comparison between land and land use,
where land refers to all features of the natural environment which can exert a signi-
ficant influence on the use of land by man. Maore specifically, land evaluation
invelves comparison of the requirements of land use with the qualities possessed by
land. This comparison is the basis for predicting the consequences of applying the.
different land utilization types to each of the mapped land umits.

This section provides an introduction ito the basic concepts employed to
describe land use, land, and the relations between these. Also covered are certain
terms derived from forestry practice - site, site class, site index and site quality -
which can be incorporated into forest land evaluation.

Only the more basic terms are introduced here, others being defined in
appropriate chapters. For the sake of clarity, some definitions are given in the
text in simplified form., Formal definitions are found in the Glossary.

2,2.2 Land use

Description of the land use forms the most distinctive feature of land guit-
ability evaluation as compared with other approaches. It is the basis for the prin—
ciple that land suitability can only be assessed with respect to specified kinds of
uge. Only by describing the potential uses can their requirements be determined as
the basis for comparison with the land qualities.

At a highly generalized level, an evaluation can be in terme of major kinds of
land use, defined as the broad divisions of rural landé use, e.g. forestry, agriculture,
livegtock production. It is possible to treat forestry either s& a single major
kind of land use or subdivided (Seection 5.1.1).

Major kinds of land use are only taken as the basis for evaluations of large
areas at low intensity, leading to gqualitative suitability classification, e.g. at
naticnal level.
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Most evaluvations are based on the land utilization type, which consistes of a =set
of technical specifications within a given physical, economic and social setting. The
degree of detail in which a land utilization type is described varies with the purpese
and intensity of the evaluation: at the minimum a summary description, but in
intensive studies giving technical specifications in substential detail. Examples of
land utilization types at level of summary descripiion aret "

i. A goverrment-—operated softwood plantation for pulpwood production,
with high capital intensity, low labour intensity, and largely
mechanized technology.

ii. Governmeni-owned natural forest in a catchment zone, primarily for
water output and soil conservation, with svbeidiary wildlife con~
servation functions.

iii. An improved village woodlot for fuelwood and domestic timber,
operated commumnally by manual methods.

The phrases 'land use' and 'kind of land use' are employed in a general sense
to refer to any form of use of land by man, in circumstances where the technical
cormotation of a land utilization type 18 not necessarily implied.

Each kind of land use has a set of enviromnmental conditions which are favourable
or adverse to its practice. The land use requirements are the conditions of the lmd
necessary or desirable for the successful and sustained practice of a given land
utilization type. Examples are snitable temperatures and soil reoting conditions to
permit tree growth, or terrain conditions favourable for mechanized forestry gersatime,
such ag gentle slopes and absence of rock outcrops. Limitations are environmental
conditions which adversely affect the potential of land for a specified use. Examples
are poor drainage (for most tree species) or saline soils, as limitations to growth,
or fregquent rock outcrops or houlders as limitations to mechanization.

In most cases limitations are land use requirements expressed in the opposite
sense. Thus deep soils are a land use requirement for good tree growth, shallow
goils a limitation, few or no rocks and boulcders a requirement for mechanized opera-
tions, many rocks and boulders a limitation. It is a matter of convenience whether
some condition affecting the performance of a land utilization iype is expressed as
a requirement or z limitation.

land use requirements and limitations always relate to & specific kind of land
use. For example, there are certain trees for which poor drainage is a requirement,
whilst the scenic impact of rock outcrops can be an asset rather than a limitation
to the recreational potential of forests.

2.2.3 Land

The term land has already been introduced. It refers to all features of the
natural environment of a part of the earth's surface, to the extent that they exert a signi-
ficant influence on its potential for use by man. Thus land covers not only the geology,
landforme and soils, but also the climate, vegetation and fauns, including pests and
diseases. Where any forest stands are present, these form part of the land.

Land units are delineated areas of land with specified environmmental conditions,
employed as the bagis for land evaluation. A land unit does not refer to any particular
kind or Bcale of mapped areaz, but is a term of convenience to cover any such area that is
selected for evaluation. Thus, at 2 recomnaissance scale, the land units might consist of
land systems or forest types, whilst at a detailed scale, land facets or soil series might
be chosen as approprizate.
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land qualities and characteristics are properties of lend units., A land quality is
an attribute of land which acts in a distinct manner 0 influence the suitability of the
land for specific kinde of use. Examples of land qualities widely applicable in forestry
are temperature regime, moisture availability, soil drainage, rooting conditions, potential
for mechanization, and ercsion hazard. It is important to note that land quality is not
the same as site gquality, as employed in forestry practice. A land quality refers to one
attribute only, not to the total envirommental conditions of a land unit.

Moet land qualities cannot be measured directly; they need to be estimated by means
of land characteristics. A lgnd characteristic is & properiy of ithe land which can be
measured or estimated, and which is employed as a means of assessing land suitability.

Examples are mean annual rainfall, slope angle, 20il texture, biomaes of vegetation, and
volume of standing timber.

Some land qualities can be measured or estimated by means of & single land charac-—
teristic. For example, the guality of s0il drainage is normally expressed by the soil
drainage class a8 employed in soil survey.  Altermatively, the same quality could be
diagnosed by means of vegetation communities known to reflect drainage conditions. Other
land qualities reflect the interaction of several characteristics. Erosion hazard, for
example, results from the interation between rainfall intensity, soil permeability and
erodibility, and vegetation cover. Moisture aveilability could be represented, for
example, by rainfall, length of growing period and soil water storage capacity.

Land use requirements are frequently expressed in the same terms as land qualities;
for example, temperature requirements and itemperature regime, nutrient requirements end
availability of nutrients. This correspondence is intentional and facilitates comparison
between the two. Tach land utilization type has its own specific set of requirements,
for temperature rmtrients, drainage, etc. Similarly, every land unit has its own
set of land qualities, including temperature regime, nutrient availability, soil drainage
conditions, etc. A specified range of temperature, say 15° - 25°C throughout the year,
is a land use requirement if it is being employed to describe the conditions necessary
for a particular tree species. The same range of temperature is a land quality when
employed to describe the temperature regime to be found on a particular land unit.

2.2.4Relations hetween land use and land

Land suitability is the fitness of a given {type of land for a specified kind of
land use. The assessment of suitability is made by comparison between land use
requirements and land qualities, coupled with analysis in environmental, economic and
social terms. Land suitability always refers to a specified land utilization type,
whether broadly defined or described in detail; there cammot be 'land suitebility' with-
out reference to the kind of use for which the land is sunitable.

Three terms from foresiry practice are closely linked to the concept of land suit-
ability, in that they concern the productive capacity of a site for a given tree species.
Site clase (or site quality clags) i8 a measure of the relative productive capacity of
a site (land unit) for a specified tree species or stand, based on the volume, height or
mean annual increment that is attained or attainable at a given age. 5Site classes are
cxpressed numerically, as 1, 2, 3 ... or I, II, IIT ... and there is no uniformity of
practice a8 to whether low numbers refer to better or poorer growth than high. 'Site
quality class' has the same meaning as site class., Site index is a particular measure
of site class, based on the height of the dominant trees at a chosen age (p.62).

It is important that people previcusly familiar with one or the other terms do not
confuse the concept of land quality with that of site quality. Land quality refers to
one attribute of land only: temperature, moisture, nutrients, etc. A land wnit posSsessés
Sgrtain c?nditiOnB of each land quality irrespective of the uses to which it may be put.
Site qgallty refers to the combined effects of all envirommental conditions upon the growth
of a given itree gpecies, i.e. to suitability for a particular use. Site quality is not
the same as land suitability, however, in that it only covers conditions affecting tree

growth, not those affecting management or conservation. The nearest equivalent o

ality in the terminology of a ; ' I : £ Bjte
guSpecgfied R BpeciesFy land evaluation would be 'land suitability for growth' of
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The outcome of the comparison of land use with land can be expressed in terms of
land use systems. A land use system consists of a specified land utilization type
practised on a given land unit, together with its associated inpute and outputs.
(Figure 2.1). In essence, it is a particular combination of land use with land. In
the terminology of land evaluation, the land use possesses specific requirements,
whilst the land unit offers given land qualities. For a given level of inputs, as
specified in the description of the land utilization type, the lané use system yields
a certain set of outputs {products, services and other benefits).

The concept of the land use system serves two purposes. First, it is a convenient
short way of referring to a combination of land utilization type with land unit.
Secondly, it provides an analytical framework for esSsessing the effect of variations
in the system. A chenge in any one of the major components — inputs, the land utili-
zation type and its requirements, the land unit and its qualities, and outputs, will
have repercussions for others. Hence, the concept provides a basis for analyzing the
consequences of change: to the land qualities (by land improvements), to the land
utilization type (by modifying its specification), or to the inputs. Further dis-
cussion of this basic approach, fundamental to land evaluation, is given by Beek {1981).

Tgure 2.1 RKlesente of & land use systsp

LAND UIE SYITEN

LAND LAND
UTILIZATION usIT
TYFE : \
Inputs Outputs
Land use Land
requi rements ualitie

Ssurce: based om Beek (1981)
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2,3 Lland suitability classification

2.3.,1 Btructure of the classification

The results of an evaluation are presented partly in terms of land suitability
classifications. The suitability is the fitness of a given type of land for a defined
use. The land may be considered in its present condition or after improvements. The
process of land switability classification is the appraisal and grouping of specific
areas of land in terms of their suitability for defined uses. Four categories are
recognized (Pigure 2.2):

Pigure 2.2 Structure of land suitabiliiy classification

Order Class Subclass thit
S Suitable ——( S1
{ 50— ( Sem
{33 ( S2e e 52e-1
(ete. &SQGE ( 52e-2
‘ etc (etc.
phage: 3c, conditionally sultable
N Wot suitable—( Nl———s——si——r—( Nlnm
(12 (Nle
(etec.

NR, not relevant

i Land Suitability Orders

o

reflecting kinds of suitability

ii., Tand Suitability Classes : reflecting degrees of suitability
within Crders
iii. TLand Suitability Subclasses : reflecting kinds of limitation, or '

main kinds of improvement measures
required, within Classges

ive. Land Suitability Units : reflecting minor differences in (
required management within Subclasses

Land suitability orders indicate whether given types of land are suitable or not
for the land utilization type concerned. This is the first thing the user wants to
know and by eliminating unsuitable land early, much time and effort can be saved. There
are two orders, represented by the symbols 3 and N:

Order S Land on which sustained use of the kind

Suitable: under consideration is expected to yielad
benefits which justify the inputs, without
unacceptable risk of damage to land resources

Order ¥ Land which has qualities that appear to pre-
Not Suitable: clude sustained use of the kind under considera-—
tion.

Areas which have not been assessed for a given use because that use is precluded
by the assumptions of the evaluation are shown on maps and tables as NR, Not Relevant.
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Land Juitability Classes reflect degrees of suitability. ithin the order Suitable,
three classes are normally recognized: Fighly, Moderately and Marginally Suitable,
indicated by symbols S1, S2 and S3 respectively. (Table 2.1). TFor the general case,
there are no quantitative definitions of the 51/52 and 52/S3 boundaries; defined limits,
e.g. in terms of relative yields, costs or economic return, may be adopted for particular
evaluations,

Within the order Yot Suitable there are two classes: N1, Currently Fot Suitable,
and %2, Permanently Fot Suitable. Land is gssessed as Currently Not Suitable if ite
limitations cannot be overcome at currently acceptable cost. In the case of Permanently
Not Suitable Land, the limitations are so severe as 1o make the use B0 clearly impracti-
cable or uneconomic that detailed analysis of inputs and outputs is unnecessary.

The boundary of Class N2, Permanently Not Suitable, is normally physiecal and per-
manent. In contrast, the boundary between Classes 33 and N1 is set by economic conditiore
and will vary in time with changes in relative costs of inputs and prices of outputs.

Table 2.1 Definitions of land suitability classes

Class S1 :land having no significant limitations to sustained

Highly Suitable application of the given land utilization type, or
only miner limitations that will not significantly
reduce productivity or benefits and will not raise
inputs above an acceptable level.

Class S2 :Land having limitations which in aggregate are

Moderately Suitable moderately severe for sustained application of the
given land utilization type; the limitations will
reduce productivity or benefiis and increase
required inputs to the extent that the overall
advantage to be gained from the use will be appre-—
ciably inferior to that expected on Class Sl land.

Class 353 : Land having limitations which in aggregate are

Marginally Suitable severe for sustained application of the given land.
utilization type and will so reduce productivity or
benefits, or increase required inputs, that this
expenditure will only be marginally justified.

Class N1 :land baving limitations which may be surmountable
Currently Not in time but which carmmot be corrected with exisiing
Suitable knowledge at currently acceptable cost; the limi-

tations are so severe as to preclude successful sus-
tained application of the given land utilization type.

Class N2 :Land having limitations which appear so severe as to
Permanently Not preclude any poseibilities of successful sustained
Suitable application of the given land utilization type.

NR, not relevant :Land which has not been ascessed for a given use because
the application of the use to that area is precluded by
the initial assumptions of the evaluation.
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Land Suitability Subclasses reflect kinds of limitations, e.g. moisture
deficiency, erosion hazard. They are indicated by lower case letters, e.g. Sub-
classes 2m, 2e. COnly the most important limitation, or where necessary, two of
equal importance should be shown. There are no subclasses within Class Sl as by
definition this has no significant limitations. The symbols for subclasses are
not standardized and will vary from one evaluation to another. Among subclass
synbols which may be employed are the following:

¢ conservation q potential for mechanization
e erosion hazard r rooting conditions

1 location t temperature regime

m noisture availability w drainaga {water)

n nutrient availadbility 2 salinity/sodicity

p pests and diseases

The subclass ¢, conservation, may be used in a positive sense, to denote &
need for conservation foresiry, as well as in the negative sense of indicating
lowered suitability on grounds of conservation (p. 50)

2.3.2 Types of land suitability classification

Iand suitability classifications may be qualitative, quantitative or
economic. In a qualitative classification the suitability classes are defined in
qualitative terms only. The economic and Social context is taken into account
a8 a broad background to the evaluation but there are no detailed calculations of

costs and returns.

It should be noted that the description 'qualitative' refers to the defini-
tions of boundaries between Buitability classes, not to the procedures egp10yed
in evaluation which should alwavs be in cuantitative terms wherever possible.

Qualitative classifications allow the different kinds of consideration con—
tributing to the evaluation to be combined in a more flexible manner. Economic
classifications provide essential information required as input data to project
analysis where investment is expected to follow. If an economic suitability
classification is produced, it is important to ensure that it is not allowed to
outweigh or dominate suitability considerations based on other aspects.

In a quantitative classification the distinctions between classes agre defined
in common numerical terms. In certain limited circumstances these may be quanti-
tative physical terms, e.g. growth rates of timber species, it being assumed that
management costs are approximately uniform. Most commonly, however, comparison
between land use and land unite requires an economic basis, both to compare
different kinds of output and to compare production costs with benefits. If the
class boundaries are defined in economic terms, it becomes an economic Buitability
clasgification,

Land suitability vnits are subdivisions of & subclass, All units within a
subclass have the same degree of suitability at the class level and similar kinds
of limitations at the subclass level. The suitability units differ from each
other in their production characteristics or in minor aspects of their management
requirements. Land within the Order N, Mot Suitable, is not subdivided. TUmits
are distingmished by numbers following a hyphen, e.g. 2m-1, 2m—2. There is no
limit to the number of units recognized within a subclass,

A phase of Conditionally Suitable may be added to cater for circumstances
where small areas of land may be unsuitable or marginally suitable for s parti-
cular use under the management specified for that use, but suitable given that
certain conditions are fulfilled, e.g. leaching out of saits. The employment
of conditional suitability complicates the presentation of results and should be
avoided where possible.

Nearly a1l evaluations are taken at least to the level of suitability classes
and subclasses but most reconmaissance and some semi-detailed surveys do not sub-
divide in more detail. Land suitability units are mainly employed in detailed
surveys and where management specifications for different kinds of land are
required. They permit interpretation at the forest compartment level.



& 19w

2.4 Land suitability maps

Figure 2.3 gives examples of how land suitability classes are represented on maps.
At the top left, the basic land units are shown, here represented by numbers. The
remainder of part (a) of the figure shows individual suitability maps for three land
ntilization types. In part (b) of the figure, the same data are shown in the form of a
combined tabular legend. This would accompany a map of the land units on a larger scale,

Tabular legends of the form given in Figure 2,3{b) can be used in two different ways.
Read herizontally, they answer the question, "What is the best use for this land unit?"
In the example, Land Unit 1 should be under protection forestry, whilst Land Unit 2 is
best suited to fuelwood production. Read vertically, the legend enswers the question,
"Where are the best areas for this kind of land use?" In the example Land tnit 4 is the
most suitable for timber production and also for fuelwood production.

This example also illustrates how the results of land evaluation leave an element of
choice open to planners. In the hypothetical case illustrated in Figure 2.3(b) Land Unit 1
should clearly be under protective forest, whilst Land Unit 4 is best suited to meet timber
demands. Beyond this, there are several choices open, in accordance with relative demands
for timber and fuelwood: extend timber plantations onto part or all of Umit 4, 1locate
fuelwood plantations on Unit 4 if not used for timber, or on either or both of Unite 2 and
3. This element of guided choice is a consequence of having evaluated the land separately
with respect to each defined kind of use.
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Pigure 2.3 BExamples of land suitability maps

{a) Suitability maps for individual uses

51

A. Yimber Production
¥echanized Harvesting

31

" B, Fuelwood Production ' C. Protection Forestry

Manual Harvesting

{b) Combined tabular legend.

LAND LAND UTILIZATION TYFE
UNIT TIMEER E, FUELWOOD C. PROTECTICN
1 F2e N2e 51
2 Nlg S2e Sic
J 9 S3r s2r IR
4 S1 51 NR
, =4

Land suitability subclass symbols: ¢ = need for conservation,
e = grosion hazard, ¢ = conditions for mechanization,

r = rooting conditions,
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CEHAFTER 3

QUTLINE OF PROCEDURES

This chapter contains an outline of the bagic procedures of a land evaluation,
intended for those not previously familiar with such studies. The procedures of land
evaluation are fundamentally the same whatever kind of land use is being considered;
the distinctive features of forest land use lead to modifications in detail. In par—
ticular, where the kinds of land use considered include conservation forestiry, there
may be a need for a more flexible approach.

The outline is divided into two partm: a descriptive account, explaining how one
stage leads into another, and a concise summary of the successive steps, with reference
1o the corresponding sectionsz of these guidelines.

3.1 Account of procedures

Figure 3.1 gives a generalized view of land evaluation procedures. These commence
with pianning the evaluation, based on discussions between those who requested the
evalnation and those responsible for carrying it out. The first need is to clarify the
ghiectives of the evaluation: the needs of the people that it is expected to fulfil,
policy aspects and so the kinds of land use which are relevant for consideration -
timber plantations, fuelwood plantations, forestry for watershed management, etc., At
the same time any constraints to land uee changes are ascertained, e.g. thai existing
users of land may not be resettled. The organization responsible for the survey then
conducts a rapid review of the physical, economic and social context of the area, and
the kinds of data available, e.g. soil surveys, silvicultural studies. This leads to
the planning of the programme of work, covering specifications of the results, informa-
tion needed, surveys and studiee required, staff, timing, and an estimate of cost. Final
approval for carrying out the evaluation may be delayed until this point.

Three sets of field activities are then set in motion: siudies of land ukilization
types, surveys of land units, and collection of economic and social data,

The studies of land utilization t*pes commence with basic descriptions of each
alternative (e.g. plantation or natural forest management or complete protection) and
first estimates of required inputs and expected outputs. As the survey progresses,

these descriptions are amplified and refined to provide one of the main sets of resulis
from the evaluation.

Parallel with the above, Burveys and specialized studied of land units zre started,
The purpese of these is to provide a mapped basis of relatively homogeneous areas of
land, to which suitability for use will be related. The kind of land units chosen will
vary wiih the objectives; ranging from forest types or land systems in a survey at
national level, to sitie classes, soil series, land facets or other more specific mapping
units in detailed surveys for forest management planning.

The third set of basic studies is the collection of economic and social data
needed for analysis of alternatives. Like the basic surveys of physical data this is
a time-consuming activity and so needs to be started early on. Besides its use later
on in the procedures, there is an early need for such information in working out details
of the land utilization types.

Following on from the description of land utilization types comes determination of
their land use requirements. These are the sets of conditions needed for the successful
operation of the land utilization type; examples are the growth requirements of possilble
tree species, or terrain conditions favourable to alternative methods of harvesting.
They include also the comnservation requirements, the conditions necessary to avoid soil
erosion, adverse effects on water flow regime, or other undesirable envircnmental

changes. From this review of land use requirements we learn what kinds of land will be
best suited to each possible use.
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As the land units are surveyed, some of their land qualities and characteristics
will have been determined; for example, slope angle may be employed as a basis for
defining land units and is also one of the properties of those units. Other land
characteristics may need to be surveyed after the initial mapping, particularly if the
land units have been taken from an existing survey.

Now comes the critical stage of land evaluation, the comparison of land use with
lgnd. At this point the requirements of each of the defined land utilization types are
known, and so are the relevant features of climate, slope, soils, etc., for each of the
land units. The first stage of comparison is called matching, in which these iwo seils
of data are combined. This is initially done by assigning factor ratinge which indicate
partial suitabilities based on each land quality considered: moisture requirements com—
pared with moisture availability, requirements for erosion avoidance as compared with
erogion susceptibility of the land, and similarly. The separate ratings are then com-
bined to give a first approximation to the land suitability classes.

These provisional suitabilities are then anelyzed with respect to their environ-
mental impact, economic consequences and social conseguences. Environmental impact
will already have been taken into account in land use requirements and matching, but
an overall review is conducted at this stage as an added precaution. The nature and
amount of economic analysis will vary considerably with the purpose of the survey,
ranging from a sirategic review in resource inventories for national planning purposes.
to detailed analysis of costs and returns wherever investment is intended to follow.
Social analysis of proposed changes should always be conducted; it covers such aspects
as whether the changes will fulfil needs, whether they will prove acceptable, and if
any indirect economic and social consequences will occur, e.g. reduction in the area of
communal pasture land.

After the provisional suitebilities have been analysed by these further means, the
final land suitability classification ie drawn up,. This shows the suitabilities of
each alternative kind of land use on each area of land.

The final stage ia that of pregentation of results. These include details of the
land utilization types, together with land suitability maps (cf. Figure 2.3, p-20).
Comparison of requirements of use with properties of the land will have led to manage-
ment specifications being drawn up; for example, which establishment methods are best
for each type of land, for each use on each relevant land unit. 4n analysis of the
environmental impact of the possible changes is given, together with the results of
the economic and social analysis. Finally, there will usually be data from basic
surveys and specialized studies, e.g. of climate, vegetation, and economic information,
which is placed on record for future use. ]

The end-product of a land evalvuation survey is not a land use or management plan.
Rather, it provides information on the consequences of several alternative kinde of
land use, as applied to different mapped parts of the study area. For example, in a
survey for the siting of teak plantations, the evaluation will indicate which are the
best and which the relatively favourable eites from a land suitability viewpoint, as
well aB areas on which plantations should certainly not be sited. Fxcept in broad
reconnaissance surveys, estimates of costs and timber yields will be given. But the
planning decision on whether to go ahead with a plantation project is certainly based
on considerations beyond those of land evaluation, whilst even the matter of location
may be influenced by such external considerations. The same applies in a survey
intended for a forest management plan; evaluation provides considerable information
on which to base such a plan, consisting of alternatives and their predicted CONEaqUences,
but the sctual management planning forms a later stage in the process of land development.
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3.2 Computerized methods

Computers have important applications in all types of natural resource surveys.
This includes not only the storage, retrieval and processing of field data but also the
mapping of capability. Tor a detailed account the reader may refer to FAQC Report on
LECS - A land Fvaluvation Computer System Methodology (Wood & Dent 1983). Developments in
the field of the geographic information system could also be useful to the land evaluation.

Some parts of land evaluation procedures lend themselves readily to the use of com—
puterized methods. This applies particularly to the initial matching, the compariscn of
‘1land use requirements with land qualities (Steps 9, 11 and 12 in Section 3.3). In small
surveys, such comparisons are more rapidly achieved by manual methods. In surveys
involving large numbers of land units and/or land utilization types, comparison can be
made by storing in computerized form:

- factor ratings for land utilization types;
~ land characteristics of land units:

-~ rules for combining land suitability ratings into land
suitability classes.

The computer first compares factor ratings with land characteristics to produce land
suitability ratings, and secondly combines these ratings into land suitability classes.
{Figure 3.2) {cf. Wood, 1980; Lee, 1981; Dent and Young, 1981, 210-219).

Other possibilities for computerization include conversion of land characteristics
into land qualities, yield forecasting, economic analysis and output of land suitability
classes by methods of automated cartography. A computer program has also been devised
which combines land evaluation with the success of altermative land use options in
meeting specified and weighted development objectives (Ive, 1981).

In addition to convenience in handling large amounts of data, an advantage of com—
puterized methods is that where changes are made to the initial data (e.g. a revised
factor rating, or modified value of a land characteristic) a revised set of results can
be rapidly cbtained. For example, the effects on land suitability of modifying the
specifications of land utilization types, and therefore the factor ratings, can be
examined.

In computerized methods there is need for a continmious check (i.e. human control)
to ensure that ihe results are in accord with common sense and judgement. Although
sophisticated procedures can be programmed, as a guideline, it ie better to automate
those steps of an evaluation which involve relatively routine processing of a large
amount of data.

3.3 Summary of successive steps in an evaluation

The previous section has given an explanatory account of the &tages in a land
evaluation survey. Such a survey ifs by no means a routine task, and the detailed
procedures need to be adapted to circumstances. However, as an aid to those training
for land evaluation or conducting a survey for the first time, the following is a step~

by-step guide, with references to the text descriptions of each step and to the relevant
tables: '
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12.
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. Jointly with the govermmental or other agsncy

commissioning the evaluation, determine the objectives,
constraints, data and assumptions

Plan the necessary surveys and specialized studies;
draw up the work programme

(a) Identify and select the land utilization types
to be considered in the evaluation

(b) Decide which parts of the area, if any, sre not
relevant for certain land utilization types

For each land utilization type, complete a provisional
description based on the headings listed

For each land utilization type, select the land use
requirements end limitations that are likely to be
relevant to assessing its suitability within the area

Decide on the land units to be used for the evaluation.
Where necessary, carry out surveys and produce a map
of land units

Decide which techniques for estimation or prediction
of forest resources or yield are to be used. Conduct
the neceasary studies

(a) Identify the land qualities to be used which corres-
pond to the selected land use requirements and
limitations

{b) Decide which land characteristics {diagnostic factors)
are 1o be used 10 measure or estimate those land
qualities

For each land unit, survey or determine the value of land
characteristics selected in Step 8(b). Draw up tables
listing the charmcteristics for each land unit

Decide on the data needed for economic and sccial amlysis
of land use alternatives. Conduct necessary surveys to
collect such data

Assess the factor ratings {or each land utilization type

(a) By comparing the factor ratings with land
characteristics of the land units, obtain land suit-
ability ratings. Summarize these as tables, one for
each land utilization type on each relevant land unit
{®ach land use system)

(b) Combine the land suitability ratings to obtain pro-
vigional land suitability classes [or each land use
gystem

Sections Tables
4.'1 — 4-4

4.5

5.2

ShE = 1545

6.1 - 6.4 6.1, 6.2

7«2 - 7-3

7.4 = 7.5

7.6, 7.8 7.1, 7.3

el = ST

10.2.2

10.3.3

8.2 8.1, 8.2
8.3-8.5 8.3, 8.4



13.

14.

15.

16.

773

o 2B &

Review the envirommental impact of each land
use system

Conduct economic analysis of each land use systen
to the extent required by the purposes of the
aevaluation

Review of sccial consequences of alternative possible
changes in land use

(a) Based on Steps 13-15, review the provisional
suitability classes of Step 12(b) to obtain the
final land suitability classes, for each land use
system

{b) Draw up maps and tables showing the land suit-
ability classes

Present the results in ways appropriate to each type
of user

Sections
9.1~ 9.4
10.2

10.3

11.1 - 11.3
121-1 == 12!4

Tables

O
=

10.1

1.1

18.0 b2
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Figure 3.1 QOutline of Procedures in lLand FEvaluation
The chapters which describe different
stages in the procedures are indicated
PLANNING THE EVALUATION |- Chapter 4
- Objectives
~ Constraints
— Data & assumptions
- Programme of work
Chapter 5
! ]
LAND UTILIZATION TYFES ECONOMIC & SOCIAL LAND UNITS
DATA |
- Identification - Collection  — Identification &
— Description - Mnalysie | description
- Surveys
Chapter 6
¥ |

LAND USE REQUIREMENTS

For specified purposes
as required by land
utilization types

Chapter 12

LAND QUALITIES &
CHARACTERISTICS

- Selection

— Surveys and speci-
alised studies

Pty

COMPARI SON COF LAND
USE WITH LAND

~ Matching

— Environmental
impact

— Beonomic & social
analysis

- Land suitability
classification

4

Chapter 8
Chapter

Chapter 10
Chapter 11

Environmental

PRESENTATION OF RESULTS

— Land suitability classification

impact

Descriptions of land utilization types (LUTe)
. = Management apecifications for LUTs on land units

Economic and social analysis of alternatives

Dats from basic surveys and specialized studies

L aedey)
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Figure 3,2 Generalized flow chart for land
sultability classification by computer
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CHAPTER 4

PLANNING THE EVALUATION

v Inirodqction

The process of land evaluation commences with discussions between the goverrmental or
other organization requesting it and the organization responsible for carrying it out. In
aid-assisted projects, the donors or lenders mey congtitute a third party. These initial
consultations, which will probably take place prior to the final approval of the survey,
are of critical importance. They set the objectives of the study, and lead to a plan for
a land evaluation designed to meet those objectives.

The initial consultation® should not be a one-way process, that of goverhment directing
the precise details of the studies required. There needs to be a free interchange of idems
on what are the problems of the area, how proposed changes in forest land use and manage-
ment can help to solve those problems, and what is the extent and nature of surveys
necessary to provide guidance on sound land use. Terms of reference should be flexible,
permitting review during the course of the evaluation in the light of interim findings.

Agpects to be covered during the planning stege include the following:
- objectives of the evaluation

-~ congtraints and assumptions which limit or underly the
alternative sclutions to be appraised;

= +the physical, economic and social context of the study ares;
— information needed, and surveys and specialized studies required;

~ sppecifications of the evaluation and programme of work.

4.2 Objectives

The first activity is to clarify the objectives of the land evaluation. Foresters
and others familiar with the area probably have a good idea of the social needs and the
forest land use problems, and poesible alternativee that might help to resolve such pro-
blems, TFor example, the Forestry Depariment and other government agencies will be aware
of projected national requirements for forest products, needs of the local people for
fuelwood, construction, timber, etc., and problems such as mismanaged forest stands,
watershed problems of erosion and fleoding, and needs for conservation.’ But before
embarking on surveys, these needs and problems have ito be set out in more deiail. There
must be discussions on the kinds of changes in land use plarming and management that
will help to meet those needs, and the extent of evaluation surveys necessary to provide
guidance on such changes.

The main types of land use decision relevant to forestry evaluations, as outlined
earlier, include changes between forestry and other major kinde of use, where there is
competition for land; decisions as between different purposes of forestry or their
relative role; and forest management plarming. The ¢bjectives will usually fall within
one of these groups.

The formulation of objectives is carried out jointly by all parties concerned,
with government taking the lead in setting of problems and needs, whilst govermment and
the survey organization may contribute equally to discussion of proposed solutions.
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Aspects to be covered during discussion of objectives include:

~ What are the limits of the study area?

~ Which groups have interests in the forestry production, present
and potential, of the area {eeg. local people(s), Forestry
Depargment and other Covermment departments, national and/or
local

- What are the production needs from the area, {8.g. for wood products,
other forestry products, water)?

~ What are the conservation needs of the area, for protection or
reclamation?

~ What changes in land use, or improvements in land management,
are proposed t0 help meet these needs? Hence, what kinds of
forest land use are relevant for consideration?

- VWhat is the extent of competition beiween forestry and non—forest
uses of the land?

~ Vhat relative weighting should be assigned to the several objectives?
A simplified example of a set of objectives might be?

1. To provide fuelwood plantations capable of meeting, gn a
sustained basis, a projected local demand of 1 600 m” per year.

ii. To permit grazing access to the planted land to the maximum
extent compatible with forest management.

iii. To ensure that plantations are sited on land which, under the
anticipated level of management, will not lead to adverse
environmental consequences,

4.3 Constraints and assumptions

Distinct from thechjectives are a set of constreinte and asspumptions which will
underly the evaluation. Constraints are restrictions or limitations to the possible
changes in land use; for example, that it is socially and politically impossible to
displace existing agricultural users of land except with their consent, or that under
no circumstances can excision of part of a natiornal park be considered. Assumptions
are conditions which will underly the evaluation; for example whether remcteness from
existing roads be taken as a criterion for classifying land as not suitable for
productive forestry, or whether this he ignored at the present stage on grounds that
new road construction can be considered.

The constraints are set primarily by government, the assumptions jointly between
govermment and survey team., rxamples of the kind of questions that need to be decided
are:

— Is the survey area fixed, or can it be modified in the light
of interim findings?

— Can changes to forest reserve boundaries be considered?
—~ Can resettlement of existing population be considered?
— Are possible modifications in land {enure or rights to be

considered? Wwhat are the political constraints to any such
change?
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— In what mamner is the factor of leocation tc be assessed in the
evaluation?

— What is the time scale to be consicered for evaluating the land
use changes which may [{ollow the evaluation?

— How detailed should be the economic analysis within the evaluation,
and on what assumptions should it be based {e.g. pricing, discount
rates)?

4.4  Context of the study area

One of the principles of land evaluation is that it is made within the context of
local physical, economic and social conditions. This context needs to be reviewed at
the start of the evalunation, preferably during the formulation of the detailed proposal,
Such & review is primarily the responsibility of the survey iteam, although it will be
based on &vailable material supplied by local research and governmsntal organizations.

The three sets of conditions +o be reviewed are:

1. PFPhysical context Location and accessibility; climatic
and vegetation zone; types of relief, range of soil types
believed to exist; present forest types; role of the area
with respect to need for, and supply of, water; general
conditions of resource conservation or degradation, and role
of the area with respect to national conservation needs.

2. Economic context Basis of the present economy,; forest
production and demand for forest products, levels of living,
wage rates, economic infrastructure (e.g. roads, services),
general levels of costs and prices, location of markets,
govermment subsidies, needs for import subsititution or export
revenue.

3, BSocial context TPopulation and its rate of change, education
and attitudes of land users, land tenure and land rights,
needs of the population which are met from forest land.

4.5 Speocifications and programme of work

4.5.1 Informetion, surveys and specialized studies

Based on the above consultations, the survey team draws up a plan for the
evaluation, together with a model of its results. The objectives and assumptions will
indicate the necessary form of the results, including the rsequired degree of detail.
This is the basis for deciding on the information needed, which in turn determines
the necessary surveys and specialized studies. The tasic sequence is thus:

- objectives:
~ information needed to achieve these objectives:

~ surveys and specialized studies required to obtain
that information.

There are no fixed procedures for plamming the evaluation. Experience of previous
surveys for similar purposes and in comparable envirormments will be drawn up where
possible, Usually there will be financial constraints {0 the conduct of the survey,
particularly the man-years of professional services that can be supported. However, the
coet of additional information has to be balanced agsinet the future costs of mistakes
which could arise from insufficient information or inadequate analysis.
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ispects which need particular consideration are the degree of detail to be used in
description of land utilization types, the pature and intensity of required natural
resource surveys and specialized studies, the degree of economic analysis to be
incorporated into the evaluation, and the ways in which the results will be presented.

The descriptions of land untilization types vary in detail according to the purposes
of the study. In evaluations for strategic planning at the national level they may be
brief indications only, e.g. 'natural hardwood forests for timber production', 'natural
forests for watershed conservation', 'pulpwood plantations'. At the opposite extreme,
surveys for forest management planning require detailed specifications of silvieultural
and harvesting methods best suited to each type of land.

The role of natural resource surveys and specialized ptudies in an evaluation
differs widely according to the information already available. Occasionally it will be
possible to base the evaluation on existing surveys. More often, decisions have to be
made on the iypes, scale and intensity of surveys needed, which then form an integral
part of the evaluation.

The degree of economic analysis depends primarily on whether the evaluation im
intended to provide poliey guidelines only, in which case such analysis may be in broad
terms only; or whether it is intended to lead to investment decisions, when consider-
ably more detailed studies of land use alternmatives will be necessary. There is a
corresponding decision on whether the land suitability classification, one means by
which the results are expressed, is to he gqualitative or economic.

The methods of presentation of results should be agreed in advance. The results
may have to suit the needs of high level decision-makers, planners, practising fresters,
extension stafif, and perhaps local pecople. Thie will call for presentation in several
different ways, e.¢. executive summary, detailed report, and extension guides.

4.5.2 Programme of work

Based on the decisions on the types of surveys and kinds of amalysis needed,
estimates are prepared of the staff requirements of the evaluation and their time
scheduling. This leads to a programme of work which, in %urn, forms the basis for an
estimate of cost.

Vo hard and fast rules can be laid down for staffing, other than that as the team
is enlarged, a balance should be kept between the various disciplines represented. At
one extreme comes a one-man survey, carried out either by a forester applying the tech~
nigques of land evaluation or an evaluation expert specializing in forestry problems; in
such a "team", any shortcomings in specialized knowledge might be compensated by good
integration! A balanced four person multidisciplinary team might consist of an environ-
mental scientist (e.g. ecologist, geomorphologist/soil surveyor), a land evaluation
Bpecialist, a foresier, and an economist/sociologist. Larger surveys, finance permitting,
call for several environmental scientists (say in climatology, ecology, geomorphology,
so0il survey), one or more land evaluators, specialists in silviculture and forest
harvesting, other technologists (e.g. in agriculture, livestock production) where there
are competing kinds of land use to be assessed, a forest economist, a sociologist and a
conservation specialist.

The time taken for the necessary surveys and studies can only be estimated from
previous studies. Substantial allowances should be made for contingencies, e.g. admini-
strative delays, breakdowns, flooding. It will be apparent from the outline of
procedures that different sets of information are called for at certain stages of the
evaluation and, therefore, a network analysis could be useful to ensure that such needs
are met. The procedure of matching can often be taken as the focal peint for such
analysis, and to ensure that the necessary data from different sources has been
assembled at that point. Experience has shown that economic analysis of land use
systems cannot take place until information on land utilization iypes, land units and
the provisional results of matching are svailable.
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A.5.3 Specifications

At the end of the initial consultations a document is drawn up giving tle specifi-
cations for the land evaluation. This will be discussed with the commissioning and
donor agencies, perhaps modified, and will then serve as the basis for the project docu—
ment, contract, or other basis lor action.

The specifications shonld contain an outline of the problem and its proposed
solution, including:

a statement of the problems of the study area snd the
objectives of the evaluation;

~ the possible ways of resolving those problems which
the evalunation is designed to investigate;

~ the required information,and the surveys ané specialized
studies necessary to obtain this;

- the programme of work;

-~ the manner of presentation of the results.
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CHAPTER 5

FOREST LAND UTTLIZATION TYPES
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CHAFTER &

FOREST LAND UTILIZATICH TYPES

5.1 General

5.1.1 Major kinds of land use in forestry

The basic concepts and terminology for the description of land use have been given
earlier (pp.lB—lB).Fbrestry as a whole may be divided into a number of major kinds of
land upe, distinguished on the basis of primary purposes and type of forest. These are
as follows!:

Community forestry — based on natural forests

— based on forest plantations

Commercial forestry g
Environmental forestry %
)

Recreational forestry

Commercial or production forestry is directed at supplying national or export
markets. In the tropics, commercial forestry based on natural foresis consists mainly
of the management of the hardwood rain forest formation. Commercial Forest plantations
can be subdivided into intended use for timber or for pulpwood. Community or social
forestry is that directed primarily at the needs of the local community. Fuelwood
carried manmually or by pack animal for sale at nearby towns forms an intermediate case
between commercial and social functions. Most social forestry was formerly based on
collection from natural vegetation, with little or no deliberate silviculture. Farm
end village woodlots established by planting of seedlings form the social equivalent
of plantation forestry.

Invironmental or conservation foresiry covers cases where the primary object is
either to conserve the natural ecosystem or to restore degraded land. It may be sub—
divided according to whether the reclamation purpose is included. Purposes may include
watershed management, soil conservation, soil reclamation, conservation of plant genetic
raesources and wildlife conservation, usually several of these objectives. Recreation
forestry, frequently combined with environmental objectives, may include functions both
of revenue from touriem and provision of recreation.

Commercial and social forestry can be treated in land evaluation by a fundamentally
similar approach, comparison of land use requirements with land qualities, differing in
the social comtext and level of technology normally employed. Recreational purposes also
lend themselves to the same methodology. Environmental forestry has the distinctive
feature that it is need for conservation, rather than "switability' in the literal sense
of the term, that is +the major determinant of whether land should be allocated to that
purpose. Thie difference in approach calls for more substantial modifications to
evaluation procedures.

5.1.2 Land utilization tvpes

Only studies at a broad reconnaissance scale are likely to refer to major kinds of
land use. Most, if not all, evaluations for forestry will be based on the land utiliza—
tion type, a set of technical specifications in a given physical, economic and social
setting. The specifications cover tree species or forest type, methods of management
(silviculture and harvesting) and conservation measures,
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The terminologzy of land evaluation as a whole distinguishes as a special case a
multiple land utilization type, as one in which more than one kind of use or purpose are
simultaneously undertaken on the same area of land. As one of the distinctive features of
forestry is that land use is nearly always, to a greater or lesser degree, multi-purpose,
the multiple land utilization type becomes the normal state of affairs; a forest land
evaluation must be based on this situation.

There are Four reasons for using the concept of the land utilization type:

i, Only by defining the land use precisely is it possible to determine
what will be its specific regquirements and limitations.

ii. By knowing the requirements for physical data, the survey activities
can be specifically directed, neither omitting critical information
nor gathering irrelevant data.

iii.. Provisional identification of the land utilization types at the start
of an evaluation ensures that they will be relevant, socially and with
respect to policy, to the needs of the area.

iv. Although not all parts of the descriptions will be relevant to land
use requirements, the more detailed technical specifications are
needed as a basis for economic analysis. The descriptions also form
independently one of the outputs from an evaluation, for use as a
‘basis in subsequent management planning.

5.2 Selection of relevant land utilization types

5.2.1 Determinants for identification

The identification of relevant land utilization types is made et an early stage
in the evaluation, at least partly during the imitial plarning stage. They are first des—
cribed in very broad terms, e.g. 'community fuelwood plantations', and then successively
refined and described in more detail as the evalvation progresses, e.g. by giving iree
species, silvicultural methods, rotation age.

Relevant uses of land are selected on the basis of policy objectives and the
physical, social and economic context of {he area. This ie a stage at which eccnomic
and social considerations play a major part in all evaluations, including those in
which the results will be presented only as a gualitative classification. Selection of
land utilization types which meet needs and objectives, and which are realistic in the
light of the econcmic and social situwation, ensures that when land evaluation activities
locate land units that are physically suitable for them, there is a reasonable chance
that they will also prove to be economically feasible and socially acceptable.

Determinants for identificaton of relevant land utilization types include the
following (a more detailed list is given in Andel et al., 1981):

i. The terms of reference of the land evaluation. This covers
cases where selection has already been made prior to the commence—
ment of the evaluation; e.g. where it has been commissioned speci-
fically for watershed management, or softwood timber plantations.
This situation, called preselection of land utilization types,
anticipates and subsumes the criteria which follow.

ii. Policy needs and objectives. These cover national and local
needs both for production and conservation; e.g. a national need
to reduce timber imports, local needs for forest products, or
either a national or local need for conservation.
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iii. The economic and social context of the area. The most relevant
economic attributes are the general level of wage rates and
income expectations, and the level of capital availability.

These will determine, for example, whether labour-intensive or
mechanized methods of management are relevant for consideration,
and thus whether potential for mechanization is a significant
land quality. The social context includes present land use,

past trends and future outlook, population pressure, communi-
cations and other infrastructure. The extent of, and reasons for;
illegal incursions into protected forests can be a guide to local
needs.

iv. The broad physical context, e.g. climatic zone, or whether plains
or mountainous lands, can be used to limit the realistic types of
land use, prior to more detailed physical evaluwation.

5.2.2 Procedure for identification and selection

Where not preselected, an approximate procedure for selection of relevant uses
is as follows:

i. Identify the potential users, those organizations and communities
with relevant interests in the land use. These will nearly always
include the national and/or district forestry department and the
local rural community. Also included should be bodies whose
present interests outside forestry may be affected by proposed
changes, &.g. pastoralists.

ii., In the case of goverrnmental interests, list the poliey objectives
and constraints., Ascertain whether constraints are rigid, e.g.
modifications to forest reserve boundaries may or may not be
consgidered.

iii., In the case of community interests, list the needs of the local
population for foresiry products and benefits, and assess their
approximate importance. This can be done through community
spokesmen, or by interviews with a sample of farmers or other
land users.

iv. Although covered in theory by peolicy objectives and needs, it is
ugeful in forestry projects to give additional atteniion to
specific conservation needs, present and future, of the area.

v. Assembly the previously available material on the physiecal back-
ground, eupplemented, if possible, by a recomnnaissance field tour.

wvi. Summarize the above information by parallel lists of objectives,
needs and constraints, arising from each interested party and from
the land itself., An example might be the headings:

National District Other Local Coneserva- Broad

foreat Forestry Govern— Community tion needs physical

policy Depart— ment ocongtraints
ment Depart- '

nents
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vii. List the iypes of forest land use to be found both in the
area and elsewhere in the country under similar conditions.
The land utilization types need not, of course, be confined
1o those already in existence.

viil, Based on the previous material, make an initial identification
of poegible land utiligation types. This will usually be larger
in mutber than those later selected, e.g. a wider range of tree
species, management hoth with and without mechanical harvesting,
conservation forestry both alcne and in combination with limited
production objectives,

ix. Compare the initially identified land usea with the objectives,
needs and constraints of each type (Step vi). Assess the
extent to which each has the potential to fulfil needs and
objectives, and to meet constraints. On this basis, meke a
selection of the most promising land utilization types, defined
at this stage in broad terms. These selected uses form the
starting point for subsequent evaluation.

5.2.3 Elimination of non-relevant use/area combinations

By no means every one of the land utilization types selected will be
relevant for consideration over all parts of the survey area. For example, it
is unrealiastic to coneider establishing large scale industrial plantations on
densely settled farmland, and survey effort would be wasted in assessing the
physical sultability of such land for that purpose. Sich areas can be delineated,
if necessary, from air photo-interpretation, and marked on the suitability map
as 'not relevant' for the particular use. They are then not evaluated for that
use, Considerable savings in survey time may be possible by this means, allowing
avallable effori to be concentrated on the most promising combinations of land
use with land.

5.3 Description of land utilization types

The main atiributes for the description of forest land utilization types

are a8 follows:

- Outputs: products

other benefits

-~ Markets

- Labour
Capital
— Mmterial inputs

Technology: silviculture
harvesting

rrotection and conservation

I

Infrastructure requirements
~ Land improvements
Management

Scale of operations

Fach of these featuree can affect land use regquirements and limitations, or
management specifications on a particular land umit, although by no means all
will be relevant in svery case. They alsc serve to provide a background or con-
text to the land use, which may indirectly be needed in order to apecify require-—
ments or management practices.
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Cutputs consist of products, including both timber and non-timber forest products;
and other benefits, such as conservation and tourism. UWater forms an intermediate case,
heing a material product, although partly treated on a conservation basis. Details of
possible outputs are mnoted on page 11, Sumnary descripiions, as proposed
at the start of an evaluation, give the types of output omly. More detailed descrip-
tions give estimates of types and yields of timber, including their {timing; quantities
of other forest products; and further details, quantitative where relevant, of intan-
gible benefite, e.g. water flow regimes, wildlife numbers, expected intensity of
recreational use.

Markets refer to the intended destination of produce, and also to the beneficiaries
of intangible benefits. The primary distinction is between commercial forestry, for
industrial uses or for large scale marketing, e.g. of fuelwood to towns; and commnity
forestry for local needs. Location and distance to primary markets, e.,g, sawmills,
pulpmills, urban markets, may be given.

Labour i dscribed initially in qualitative terms as high, intermediate or low
labour intensity, according to the relative extent of mechanized and manual operations.
Proportions of skilled or specialized labour, such &s for operation of machinery, are
estimated. For management specifications and economic analysis, estimates of man-days
per unit area will be required.

Capital is described qualitatively as high, intermediate or low capital intensity,
according to the scale of initial cosgis for land improvements, infrastructure, roading,
machinery, ete., and establishment costs. For economic suitability evaluwation, all
such cepital inputs must be estimated quantitatively. Capital intensity can then be
expressed as currency units per unit land area. Because of the long rotations in
forestry and the considerably greater costs of establislment as compared with maintenance,
capital requirements are relatively more important, as compared with recurrent coets,
than in most forms of agriculture.

There is normally an inverse relation between labour and capital intensities,
capital-intensive operations requiring skilled labour but in relatively smaller
gquantities, whilst low capital intensive land uiilization types require a higher labour
intensity.

Technology refers 1o the complex of technical practices employed in the management
of a land utilization type. In forestry it is useful to distinguish three groups of
practices: silvicultural technology, harvestiing technology and measures for protection
and conservation.

Silvicultural technology covers the iechnical operations necessary for forest
establishment or regeneration, and maintemesnce. FEsitablishment refers to forest planta-
tions, regeneration to0 post-harvest operations for the next cycle in natural forests.
Descriptions for plantations include planting methods, epacing, thinnings, weeding and
pruning and fertiliszation and plant protection,and length of rotation. For natural
forests, the corresponding measures 10 ensure regeneration of desired species are given.

Harvesting technology is an area of special techniques that requires separate
description. Not only can logging operations have various degrees of mechanigation,.
but this can take many forms (skidding, overhead leads, etc.), each having specific
requiremente as to terrain conditions. For natural forests, harvesting technology
should inolude the construction of the necessary road network. Selection of harvesting
methods tekes account of conservation needs, e.g. to minimize soil disturbance.

Protection and conservation technology covers a group of managesment activities which
are necessary in plantstion foresiry and in both commercial and enviromnmental natural
forestry. Fire protection and measures for protection from illegel incursion are wide-
spread requirements. Forests for flora and fauns conservation require specific
measures for protestion of rare species.
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Infrastructure requirements specify the on or off-site infrastiructure needed for
the proposed operation of the land utilization iype. Examples are the required capacity
of sawnills or pulpmill, and any necessary congtruction or improvement of reads from the
forest to markets.

Land improvements are alterations in the properties of the land which improve its
potential for use. They are treated as a distinct stage in land evaluation, on the
bazis that the land after improvements will have different potential to its state
before. In the case of forestiry, where there is frequently substantial initial capital
inwestment, the specified land improvements may subsequently be included in the descrip-
tion of the land utiligzation type, ¢.g. specifying that former swampy or peaty land is
to be improved by construction and maintenance of drainage works.

Mamagement is a key attribute linked to technology, labour, capitel and outputs.
Aspects described include the general level of management skill and form of land tenure.
The basic distinction in forestry is between forest &reas owned by the govermment
forestry department or other agency and managed at a relatively high level of technology
and skills; and community forests managed by smallholders or village organizations,
with lese availability of advanced technologies and skills.

Scale of operations includes the anticipated scale of the total area covered by
the land utilization type, the size of individual management units, and the proposed
ammusal felling area.

5.4 Modification of land utilization types during the evaluation

When identified and selected at the start of the valuation, land utilization types
are described briefly either as major kinds of forest use, e.g. community fuelwood plan—
tation, watershed protection forest, or in the slightly greater degree of detail of the
summary description. A® the evmluation proceeds, it becomes possible to give progres—
sively more technical specifications,amplifying the descriptions to full accounts which
form the basis for a management plan.

This modification involves more than simply the addition of detail. In the process
of matching (Chapter 8), it will be found that the initially selected land utilization
typee are less than highly suited to many of the land units. This situation can be
improved in either or both of two ways. First, the propertiss of the land can be
changed through land improvements, e.g. drainage, fertilization. Secondly, the land use
requirements may be modified through changing the technical specification, for example,
from one form of mechanized harvesting to another. Suitabilities for the modified
land utilization types are then revised. This process of iteration, known as mastching,
ir one of the most powerful technigques in land evaluation, leading to adaptationa in
methods of management best suited to conmditions on eaoh of the land units of the area.

5.5 Examples of land uiilization type descriptions

Example 1 Small-scale timber concession in South-east
Asian Dipterocarp forest regions

Broad group: oommercial foreetry, natural forests.

A land utilization type of natural dryland foreets with wood production and seoil
and water conservation as main cbjectives. Major products are guality timber for sale
as loge, usually in small quentities at a time (less than 100 m” as individual sales).
Secondary forest products like rattan, bamboo and stakes are of importance. MNarkets
are the locally operative commercial markets for saw logs. Labour ig semi-skilled
under gkilled foremen, numbering ten to thirty people, lLevel of capital investment is
moderate, at most USH2S0 000 and substantially lese if only second-hand machinery is
purchased. Technology is of intermediate level, operators mostly using second-hand
machinery of older types (especially ammy surplus with winches fitted and adapted for
log extraction). Forest machinery consists of two %o five vehicles. Infrastructure
needed is earth road access from concessions to sawmills. Foreet accese roads are of
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dry weather type only. There is no river-rafting of loge. There are no land improve-
mente. lLevel of management is intermediate; there is no regard for continuity of log
production during wet periods. TForestry Department supervision of the management of
applied selective iree cubtting can only be adequately arranged for a number of smaller
concessions combined in one work area. The scale of operations is indicated by a con-
cemsion agreement over 400 — 4 000 ha for a period of three to twelve years; the
minimum annuel felling area is 125 ha for a production of 5 000 m3 log volume per year:

Exgmple 2 Improved village woodlend in Africa

Broad group: =social forestry, based on natural vegetation,

The two main products, fuelwood and poles for domestic construction; those wood-—
lands on steeper slopes Blso fulfil 8 comservation funciion. The produce is for use by
the associsted village (= market). Labour is drawn from farmers, with larger tasks per—
formed by communal work parties. Level of ecgpital investiment i® very low. Technology
consigts of improvement of the existing vegetation, first by limiits to volume of
harvest and, secondly, by enrichmeni planting, using seed supplied by the Foresiry Depi-—
ment. Harvesting is manual, by panga and headloading. The only infrastructure needed
ig a village nursery, and there are no land improvemenis. Hanagement is by the village
community organization, if possible through appointing a forest management commiitee;
level of management will vary between villages. The gcale is small, individual woodlands
being of the order of 20-100 hectares.

Example 3 Recreation forestiry in demsielv populated
areas in North-western Durope

Broad group: environmental forestry, for recreation.

A land utilization type of mainly man-made forests near concentrations of popula~
tion, with as main objecitive the provision of space and agreable forest environment for
leisure and recreation (outggts). At the same 4ime this use produces wood from slow-
growing hardwood species of high quality, for industrial utilization. Labour is both
skilled and unskilled; numbers depend on the type of infrastructure, about 1.5 man-
years per 100 ha. Level of capital investment is high, mainly because of the planning
of forestry work, the intensity of visits, the plamming of the recreaiion facilities,
public relations and the finanecizl organization.

Technology for establishing and tending is simple, but for harvesting and trans—
port is advanced. Size of individual forest compariments is small to promote diversity
of the area (25 haj. Income ie from recreation facilities and wood. Costs are
mainly for maintenance of infrastructure and for a small part for forest work such as
planting and thimning. WOD% production will be on 30 percent of the area; yield in
forest areas ig sbout 58 m / year. About one—third is open space and another one—
third is water. Management is through local govermnment organizations. On scale, super-
vision by university—trained foresters requires at least an area of 5 000 - 10 000 ha;
gince the average area of a recreation forest will rarely be more than 500 ha, combin-
ations will have to be found.

Source: Examples 1 and 3 based on Lsban (1981); Example 2 original.
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CHAPIER 6

LAND USE REGUIREMENTS3

6.1 General

6.1.1 Requirements and limitations

Kaving selected the land utilization types the next step is 1o identify the conditions
of land necessary for their operation. The land use requiremente are the conditions of
the land necessary or desirable for the successful and sustained practice of a given land
utilization type. Examples are suitable temperatures and soil rooting conditions to per-
mit tree growth. The converse of requirements are limitations, conditions which
adversely affect the practice of a land utilization type, e.g. saline soils, or impedi-
ments to mechanization,such as steep slopes and rock outcrops.

It is a matter of convenience whether a condition is expressed as a requirement or a
limitation, e.g. a requirement for good soil rooting conditions or az limitation of poor
rooting conditiong. In the present text those features capable of being described in a
positive manner are treated as requirements, only those which invariably have negative
effects where present, e.g. salinity, frost hazard, pests and diseases, being termed
limitations. ‘

The land use requirements and limitations subsequently form the basis for deciding
what information needs to be collected from basic surveys of land.

In principle, the identification of land use requirements precedes surveys of land
resources in order that the survey activities shall be directed towards collection of
the information needed. In practice, it is only the initial identification and selec—
tion of promising land utilization types which is done first, followed by identification
of their approximate requirements. This first approximation to the reMirements serves
to guide the basic survey operations. Thereafter, surveys of land and refinement of the
land utilization types proceed in parallel.

In these general guidelines it is not possible to give detaile of critical values
for the requirements of particular kinds of use: +to say, for example, that for mechanized
forest plantations, slopes of less than 5% are rated highly suitable, 5° - 10° moderately
suitable, etc. Such critical values will vary considerably with details of the land
utilization type and with the physical and socio-—economic context. The values must be.
set for individual evaluwation surveys or for particular countries or regions. This chap~
ter outlines the types of requirement for different kinds of forestry, with check lists.

6.1.2 Requirements for growth, management and conservation

It is convenient to divide the land use requirements into three groups: require-
ments for forest growth, for management, and for conservation.

The growth reguirements are those land conditions necessary for the successful
survival and growth of trees. They are based mainly on climate and soils. These cover
both requirements for growth, such as suitable temperatures, adequate moisture and

mitrients; and requirements for survival of the trees, such as absence of frost, pests
and diseases,

In some circumstances the growth requirements are partly replaced by estimates of
present forest conditions. In the case of nmatural forest, where the forest itself forms
part of the land resources, an inventory of the existing foreet forms the major basis
for growth requirements; +that is, the major land use requirement is that a forest stand
of good quality shall already be present. There may also be estimutes of growth rates
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(natural or plantation forests), survival rates {plantations) and yields of non-timber
products. Where the intention is to harvest the natural forest in its present condition,
these direct estimates largely or entirely take the place of growth regquirements. TIf the
intention is to improve the natural forest, e.g. by enrichment planting or change in
management practices, then the growth regquirements may be relevant as well,

Nansgement recquirements are the conditions necessary or desirable for suecessful
management of the forest. It would be possible to subdivide these into requirements for
land preperation, establishment, maintenasnce and harvesting, but in practice there is con-
siderable overlap between such requirements. The requirements for initial land prepara—
tion and clearance, which in evaluation for agricultural land use are treated in a
geparate manner, are here included with management requirements, since in foresiry they
are normally treated along with other establishment costs.

In produciion forestry, whether from natural forests or plantations, a third group
of congervation requirements is always present. These are the conditions likely to affect
response of soils, streamflow aznd vegetation to proposed changes in land use and manage-
ment. In conservation foresiry these hecome by definiticn the major group of land use
requirements.

The advantage of this subdivision is that the different groups of requirements can
be treated separately to some extent. For example, there is a set of growth and survival
requirements for Pinus patula, which are independent of whether it is harvested by mecha-
nized methods or manually. Conversely, there is a set of requirements for mechanized
harvesting from sofiwood plantations which is largely independent of the species grown.
In the process of matching, the three sets of requirements for tree growth, management
and conservation can be used in different combinatioms to build up and refine alternative
land utilization types.

6.1.3 Treatment of requirements based on economic and social conditions

I+ is emphasized that land use requirements, in the sense in which the term is
émployed in land evaluation, cover only the requirements from the land. They are not
intended to cover requirements arising from economic and social conditions, e.g. avail-
ability of low cost labour for marual operations, or of capital where mechanized manage-
ment is envisaged. Such conditions are indeed equally significant 'requirements' in the
normal, non-technical, sense of the word, but they are taken into account at different
stages of the land evaluation procedure: first, during the initial consultations and
Belection of relevant kinds of land use, secondly, during the formulation of detailed
specifications for land utilization types and, thirdly, during subsequent economic and
social analysis. The present central stage in procedures is concermed with identifi-
cation of requirements from the land only, taken in the context of the economic and social
setting.

6.1.4 Comparisen with requirements for agricultural land use

A note on the distinctive features of land evaluation for forestry may be useful
firet, for land evalnuation specialists previously familiar with siudies for agricultural
production and, secondly, to asmist in reconciling procedures in evaluations which cover
both forestiry and non-forest forms of use. The distinctive features vary according to
whether plantation esteblishment, management of existing forests, environmental forestry,
or recreation forestry is being considered.

In the case of plantation forestry, there are no differences in principle from
evaluation for peremnizl agricultural crops and only minor changes in procedures, The
process of estimating likely growth, yield and survival are similar whether the crop is
to be agricultural, e.g. rubbe#, 0il palm, cocoa, or a timber tree crop. Where the
agricultural crops are to be grown on a plantation basis, many of the management require—
ments are also eimilar, whilst conservation reguirements apply to both cases. Differences
are only in the details of requirements, e.g. the specialized harvesting requirements for
timber arising from its high bulk as compared with different requirements (e.g. fretuency
of access) for asgricultural crops. The requirement for soil nutrients is relatively less

— e
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important in forestry than agriculture. The attention given to pests and diseases is at
least az important in plantation forestry a5 in agriculture, possibly receiving more
emphasis relative to other factors.

In the case of management of existing foreste, the fact that the forest is already
present means that direct estimates of its composition take the place of forecasting
based on climatic and so0il atiributes. Agricultural evaluations make use of crop yield
data to a much lesser extent than forestry, not because data is absemt, but because
variations in inputs and standards of management frequently have such a large effect on
yields that they swamp relationships with land variables.

The recreation and tourism component of forestry, despite the varying distinctive
range of requirements, nevertheless lends itself to ireatment in the same basic manner,
that of comparison between requirements of the use and qualities possessed by the land.

Environmental forestry i= treated by an approach which is substantially different
from that vsed for agricultural evaluation. Conservation is always present as a
secondary aim in agricultural production bhut never, by definition, as the primary aim.
The distinctive nature of the objectives in conservation forestry call for a greater
flexibility of treatment.

6.2 Requirements for specific forest uses

This section outlines the land use requirements associated with each of the main
purposes of forestry: production forestry, conservation forestry, and forestiry for
recreation and tourism. In multi-purpese forestry, the requirements for each purpose
are first identified separately, arnd subsequently combined.

6.2.1 Selection of relevant reguirements

By no means all of the requiremente listed will be relevant to a particular
evaluation survey. The present check lists must, by their nature, aim to be comprehen—
sive, giving, for example, land conditions which might be relevant in any environment
ranging from rain forests to deserts, or mechanized plantation forestry to farm woodlets.
For any particular broad physical environment, and type of land use and management, it
will often be found that guite a small number of reguirements are significant in differen-
tiating land suitability (seea example, Section 6.4).

At this stage in procedures, therefore, the land use requirements that are significant
to each kind of use considered, and within the context of the study area, should be
identified. It may be useful to designate gome of these as 'impeoritant' io snsure that
survey data relevant to them is ocollected in greater detail or with higher reliability.

6.2.2 Requirements for wood productior

Wood production covers requirements for production of timber, fuelwood and pulpwood,
on either a commercial or a social forestry basis, and from both natural forests and
planiations. The detailed requirements for these different purposes differ substantially,
but are all of a basically similar nature, allowing them to be treated within the same met
of headings. The principal modification is that the requirements for growih are appli-
cable mainly to forest plantations, being replaced by estimates of growth of existing
foreste in the case of natural forests,

. A checklist of land use requirements for production forestry is given in Table 6.1.
Tt is divided into requirements for forest growth, for management and for conservation.
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Table 6.1 Land use requirements and limitations for preduction foreetry

Al QGrowth requirements

Radiation

Temperature

Moisture

Aeration (soil drainage)
Hutrients

Rooting conditions

Salinity/sodicity
Toxicities
Climatic hazards - fire
- frost
— wind
Physiographic hazards - flood
- landslide

Pests and disecases

A2 Regquirements based on estimates of forest volume, growth and yield

Present forest stands
Fztimated growth rates
Estimated survival rates

Estimated yield of non—timber products

B  Management requirements

Mechanized operations

Harveat operations

Road construction and maintenance
Internal access

Nursery sites

Vegetation clearance

Size of potential management units
Location - existing accessibility

— potential accessibility

c Conservation requirements

Tclerance to soil erosion

Conditions affecting streamflow response
Tolermice to vegetation degradation
Requirements for preservation of plant and animal speocles
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Growth requirements A11 trees need radiation, suitable temperatures, moisture,
aeration, nutrients, suitable rooting conditions, and an absence of conditions which
adversely affect growth or survival: adverse soil conditions, climatic and physiographic
hazards, and attack by pests and diseases (cf.Lundgren, 1981). Broadly speaking, the
firat six are growth requirements of a positive nature; the next two, salinity/sodicity
and other toxicities, are soil conditions which may adversely affect growth; and the
remainder are conditions which affect survival of the tree. There is, however, an over—
lap; for example, poor drainage or salinity can result in the death of a tree whilst
frost-burn or pests and diseases can adversely affect its growth.

The requirements most commonly relevant in evaluations for forestry are for suitable
temperatures, adequate moisture, for a supply of oxygen to the roots (commonly referred
to as soil drainage), for adequate nutrients and for sufficient depth of soil to provide
satisefactory rooting conditions. Many of the lists of growth requirements for individual
tree species are based on temperature {or its surrogate, altitude), moisture (sometimes
as broad climatic zones or as drought resistance) and drainage. Nutrient requirements
are usually less specific. All trees need adequate rooting conditions, both to provide
support and as a basis for teking up moisture and nutrients. Conditions of radiation,
which include photoperiodic effects, are biclogically a fundamental need for growth, but,
in practice,are rarely employed directly as a land use requirement, being taken into
account by selection of species appropriate to the latitude, altitude or climatic zone.

Salinity and sodicity can be ignored in many forest environments but become highly
significant in two clrocumstances: arid zones and coastal plains. OF the other soil
toxicities the commonest is aluminium toxiecity, caused by the presence of free exchange—
able aluminium ions at =o0il pH values below 5.5, becoming substantial below pH 5.0.

The hazards to forests can be of climatic, physiographic or biological origin. Fire
hazard ies common to most areas other than rain forests. Hazards of frost and wind damage
are common to upland forestry in the temperate zone, with frost damage at high altitudes
in the tropics and wind damage in typhoon affected regions, Hazards of flooding and
1landslides affect management as well as tree survival but are listed under growth require-
ments for convenience. A low level of endemic or epidemic pests and diseases is a wide-
spread requirement in forestry, of particular importance in mono-species plantations.

Conditions for survival and growth apply to natural as well as plantation foreste.
In the case of natural forests, however, the inherent conditions of climate, soil, land-
forms and biological hazards have already been integrated in nature, being reflected in
the varying composition of the standing trees. Thus areas with thin soils, poor drainage
or severe wind exposure will be reflected in different (and for timber production usually
inferior) species composition and biomass. In this circumstance, the use of growth
requirements is largely or entirely replaced by requirements based on estimates of forest
yolume, growth and yield. These estimates are derived from forest inventory and related
methods. Land use requirements in this form express directly the condition required,
e.g. that there should be a certain volume of utilizable timber.

Direct estimates of forest growth and yield can also be employed to express require-
ments for plantation foresiry. For example, where there is an established system of
site classes for the tree species under consideration, a land use requirement could be
in the form of preferred site classes; alternatively, the rsquirement could be for
given mean annual increments or yields after a specified number of years. Such growth
estimates are insome cases (growth—site correlation, Section 7.5.1) derived in {turn from
climatic and soil conditions for growth; +the difference in procedure is that the land
use requirement is expressed in terms of required volume, the prediction being done at
the stage of obtaining the corresponding land quality, namely the growth and volume
estinmates,

Management requirements There is overlap between the first four management require-
ments listed in Table 6.1, not all of which will be employed in a particular evaluation
(cf. 18ffler, 1981), They have in common the fact that they are influenced particularly
by terrain conditions, especially slope angle, rockiness and drainage. Conditione
affecting mechanized operations can either be taken to include harvest operations or else
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the latter treated aB a separate requirement, depending on whether, for the kind of land
use under conesideration, mechanized harvesting and other mechanized operations have
distinctive requirements. Conditions permitting econcmic road construction and main-
tenance are a requirement for commercial plantation forestry, but in evaluations for
logging of natural rain forests might be subsumed in conditions for harvest operations.
The requirement for good access within the production unit will normally be an alter—
native to conditions for road construction and maintenance but is listed to cover cases
where access is not by reads, e.g. in village forestry.

The next two management requirements are of more limited applicability. In some
circumstances it may be necessary to consider requirements for establishment of forest
nursery sitee, for example availability of a water supply. Conditions affecting vege-
tation c¢learance covers Situations where natural forest must be cleared before planting,
e.g. clearance of secondary rain forest.

The last two management requirements are common to most forms of forestry. A pro-
duction forest must normally be of a certain minimum size, e.g. to permit balanced
stands of different ages. Otherwise favourable land may be lowered in suitability if it
occurs as &mall and isolated patches. The location requirement refers primarily to
location in relation to markets, or to road, rail or water links with such markets. It
can be subdivided into existing accessibility, based on transport infrastructure already
present; and potential accessibility, in which terrain favouring, or adverse to, possible
construction of access roads is assessed,

Conservation requirements listed in Table 6.1 refer to those conservation corstmints
that need to be taken into account in all forms of production forestry (cf. Nelson, 1981),
Requirements where conservation is a major objective are discussed in Section 6.2.4. Low
tolerance to soil erosion (high erosion hazard) can render some areas unsuitable for
forest plantations, e.g. teak plantations on steeply sloping land under high rainfall.
Applied to the denger of erosion during and shortly after harvest, it may also be a
criterion for dividing forest areas into those for production and conservation forestry.
A requirement for minimus disturbance of streamflow may be called for. Tolerance to
vegotation degradation applies to natural forests, for example, those in semi-arid areas
subject to pressures from fires, grazing or harvest. Lastly, in some production forests
there may be subsidiary requirements for preservation of wildlife, e.g. deer.

6.2.3 Requirements for non-timber forest products

In principle, any of the requirements for tree growth and forest management may be
applicable to use for non—timber products. In practice, this form of use is nearly
always subsidiary to other usea. The main addition to the direct estimates of present
forest conditions is namely estimates of the potential sustained yield of each identified
product. This is compounded of it& present abundance, growth rate, and capacity to
regenerate after harvesting.

4 few selected growth or management requirements may also be relevant, for example,
conditions affecting harvesting of the product, or distance to markets (especially for
perishable products?. There is the specific conservation requirement, +the survival
under harvesting pressure of the utilized species itself.

6.2.4 Requirements for environmental forestry

Land utilization types intended primarily for conservation purpcses differ in the
balance of emphasis between the environmental resources o be conserved or reclaimed
These can be:

i. Catciment protection for water conservation and yield.
ii. (a) Protection against s0il erosion and associated off-site sedimentation,
(b) Reclamation and conservation of eroded areas,

iii. Comservation of flora or fauna, including of genetic resources and
endangered species.



There is a difference in principle between the conservation requirements in circum—
stances of production forestry, and the nature of the requirements and ohjectives in
environmental forestry. In the case of production forestry, the overall conservation
requirement is that no severe adverse effects shall result from the proposed forest land
use. Taking erosion hazerd as an example, the more severe is the predicted erosion under
the proposed land use, the less suitable is the land for that use. The need for conserva-
tion, however, applies to all areas.

In environmental forestry, by contrast, it is the relative need for conservation
that is the main determinant of land switability. TFor example, of two land units both
currently under natural forest, it is the unit which has the higher erosion hazard, if the
forest were to he removed, that hes the higher suitability for retaining that forest cover.
The same asituation applies to water conservation. For flora and faune conservation, suit-
ability depends on how great would be the loss in bioclogical resources if the forest were
not retained.

Where environmental forestry is for purposes of reclamation, e.g. of eroded areas,
suitability depends both on the severity of present degradation and on the extent of
likely improvement under forest. Again, suitability for the use depends in part on
relative need.

Thus land suitability for environmental forestry is assessed to 2 large extent on
the bagls of relative need for conservation, including the adverse effects that would
result if the forest cover were not retained {or, in the case of reclamation, was not
established). The relative need can be represented by the land suitability svbclass
letter ¢ = need for conservation. In ithis mpecial case, the subclass should be applied
to SI, highly suitable land. Thus Slc denotes land with the highest suitability (i.e.
priority need) for conservation, S2¢ denotes land where envirommental forestry is still
desirable but less essential, whilst N2c means that there is no substantial need for
environmental forestry.

In cases where conservation needs on various different grounds were being compared,
appropriate subclass letters could be set up for soil, water, flora and wildlife con-
servation needs.

The meaning of 'land use requirement' in this situation therefore becomes modified.
In production forestry, a requirement is a land condition necessary for the successful
practice of the forest use. In envirommental forestry, the requirement refers to relative
need, assessed on the basis of:

i. How severe would be the adverse environmental effects if the
land were not under a protective forest cover?

ii. How effective i8 the forest cover in protecting the land against
those adverse effects, i.e. in conserving the resources?

These questions can be applied to each kind of environmental resource.

Forwater conservation, the requirement is assessed on the basis that the proposed
form of conservation forestry (usually that of retaining the existing forest cover) shall
have a favourable effect upon flow regime, as compared with the adverse consequences that
would result from iis removal. For soil conservation, the same reasoning applies. In
both cases the need, or requirement, for conservation forestry is greatest where the
adverse environmental impact in the absence of such conservation is highest. In reclama-
tion forestry, the main aspects determining need are the severity of existing degradation,
and the estimated improvement through afforestation,
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Conservation of flora and fauna covers a spectrum of circumatances ranging from
the nature reserve, with zeroc public access other than by authorized scientists, te the
combination of controlled public access with conservation, as in national parks in which
the conservation and tourism functions are combined. JFor the purely conservation
functions, the main factors are:

- variety and uniqueness of the plant genetic reserves

— presence of rare or endangered plant or animal species.

The strongest case for conservation arises where a site is the unique remaining
habitat of a particular plant or animal. In the case of migratory animals or birds,
conservation of breeding grounds or annial feeding sites is relevant.

Land suitability for conservation of animal species can be assessed not only on
grounds of need, i.e. the presence of rare or interesting species. The suitability of
the land for conserving the species can also be assessed by the standard method of com~
paring requirements with land qualities., 'Land use' requirements for animal species
include availability of food supply, availability of drinking water (both by season),
and areas of adequate size and characteristics for territorial, breeding and migratory
needs.

Further discussion of the envirommental impact and benefits of forestry is given
by Singh and Nilsson (1974) and Zimmerman (1982).

6.2.5 Requirements of forestry for recreation and tourism

Land evaluation for recreation is a specialized subject, applicable equally to
forested and non-forest land. The planning decision t¢ be taken is normally for the
establishment, retention, or change in bhoundaries of one specific area for recreational/
tourist use, e.g. a national park, rather than evaluating land in general for this pur-
pose, Nevertheless, this objective forms a component in multi-purpose forest use and
may heed to be integrated into evaluations for other purposes.

Some common requirements are listed in Table 6.2. The place of 'plant growth' in
production forestry is taken by resourcesg for recreation. Uost widely applicable are
requirements for scenery, comprising both landforms and vegetation and covering hoth
aesthetic quality and variety. Ixperience shows that the presence of water bodies -
rivers, waterfalls, lakes or sea - can greatly add to recreastional attiractiveness. In
the case of plant and animal species of interest, there is an overlap between
recreational and conservation purposes, calling for management compromise. Climate can
he a resource, particularly high altitude, cooler areas amid hot tropical regions,
Resources for specialized activities cover suitable conditions for rock climbing, skiing
fishing, etc.

Management requirements for recreationnl use include either road consiruction and
maintenance or internal access in general, and presence of suitable sites for hotels
or other facilities. The size of units and their location in relaticn to potential
users, especially road access, ars important. Conservation requirements include the
special case of response of the land ~ vegetation or soil — to recreational pressures,
e,g. footpath erosion.
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Table 6.2 Land use requirements of forestry for recreation and tourism

A. Resources

Scenery, aesthetic quality and variety — landforms

vegetation
Water bodies

Species of interest: - planit

~  animal
Climate
Resources for specialized activities

B. Management requirements

Road construction and maintensance
Internal access

Sites for specialized facilities
Size of potential management units
Location

C. [Coneervation requirements
Resigtance to degradation under recreational

pressures: - vegetation

- soil

Fire hazard

6.3 Combination of land use requirements in multi-purpose forestiy

For cases of multi-purpose forestry, the selected requirements for each of the
functions are combined. For example, a softwood plantation intended primarily for
timber production,but with subsidiary functions of recreational use and conservation
of deer,would involve adding the requiremenis for recreational use, plus specific
aspects related to deer, to the basic list selected for the purpose of timber
production.

In some cases these sets of requirements will be conflicting; for example, the
scenic qualities desirable for recreational use will cause unfavourable access con—
ditions for forest maintenance and harvesting. Such conflicting requirements may be
retained initially. Ilater, at the stage of matching with land qualities, it will be
found that some areas are rated more highly for one objective than another. This may
lead to subdivision or modification of the land utilization types, e.g. the intro-
duction of purely production forestry, with no recreational use, over part of the
BUrvey area.
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6.4 Description of land use requirements: an example

Large scale fuelwood plantations in part of the semi-arid zone of West Africa;
managed by govermment, using mechanized harvesting,but other operations msnual.

Significant land use reguirements

Growth requirements - moisture

— aeration

— reooting conditions

Mangpement requirements - terrain conditions affecting roading
and mechanized harvesting

- conditions for nursery sites

— location in relation to markets

Conservation requirements - erosion haszard

Heasone for selection

Cf the growth requirements, radiation, temperature, fire hazard and
incidence of pesis and diseases are relatively uniform over the study area.
Nutrients are believed not to be seriously limiting to the species involved and
wind hazard slight. Salinity, other toxicities,and frost hazard are absent.
Land for satisfactory tree growth will therefore be selected on the basis of
moisture availability, aeration (drainage) and adequacy of rooting conditions,

For management, there is a need, first, for road access by landrover and
truck during establishment and maintenace and, secondly, for access by machinery
onto the planted aress during harvest. It is considered in this instance, that,
owing to their similarity, both these needs can be treated by a single require-
ment, terrain conditions affecting roading and mechanized harvesting, There is
a need for nursery eites with groundwater. Plantalions must not be too remote
from urban markets. Owing t0 non-mechanized establishment and maintenance, size
of units ie not eritical.

The net effect of plantations, under the specified management, is likely to
be beneficial or to have slight effects on streamflow and there are no imporiant
biological resources. The conservation requirement is therefore for avoidance
of areas with a high erosion hazard.
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CHAFTER 7

SURVEYS AND SPECIALIZED STUDIES OF LAND




- 56 ~

CHAFTER 7

SURVEYS AND SPECTALIZED STUDIES OF LAND

T.1 Introduction

7.1.1 Objectives; information and survey requirements

The second mejor component in land evaluation, balancing that of land use, is
the land itself. This comprises the resources of climate, landforms, hydrology, soils
and vegetation (including the forest cover itself where present) fauna and disease.
land supplies the resources for different forms of forest use, and also the hazards to
use, such a8 soil erosion.

There are two stages to land resource surveys: the identification and mapping of
land units, and the description of the land qualities and characteristics belonging to

those units, For definitions of the terms land unit, land quality and land characteristic
see pages 13-14.

Foresters familiar with the term site should note that at the more detailed scales
of survey, this is equivalent {0 land uynit. However, land units in small scale surveys
may also consist of larger and less uniform areas, e.g. watersheds, land systems, which
would not normally be referred to as sites. Thus syetems of site classification for
forestry, where they exist, can be employed for delineating land units.

The principle underlying surveys of land is that the survey activities shonld be
directed towards obtaining the informmtion required. This principle applies both to the
types of information obtained and to its detail and accuracy. In this way the time and
cost of surveys and other specialist studies of land resources is mogt efficiently
directed. TFor example, if tree growth in the area is known to be correlated with length
of growing period and soil effective depth, then survey effort is profitably directed at
measuring these characteristics. Conversely, if previous studiee have failed to show
any correlation between growth and, eay, soil nitrogen content, the expense involved in
lahoratory analyses of nitrogen would be wasted. Tn summary, the principle requires
that the need for land murvey activities should be appraised by the following stages:

i. Objectives What are the objectives of the information on land?
What functions doem it have in the evaluation?

ii. Information What kinde of information on land are needed to fulfil
those objectives? How detailed should it be, and what standard of
accuracy is called for?

iii. Activities What surveys and specialist studies are needed to collect
information of the required nature, detail and accuracy?

The greater part of this chapter is concernmed with studies of land in evaluations
for production foremtry. The specialized data needs for environmental and recreation
forestry are treated more briefly in Section T7.7.

7.1.2 Land unite and their gualities and characteristics

The studies of land can be broken down conceptually into two =tages: survey of
land units, and determination of the land qualities and characteri=tios of each unit.
The land unita form the mapping basis of an evaluation. The main map at the basic, or
largest, mscale of the evaluation shows the land unitas, and all of the boundaries hetween
mapped land suitability classes are derived from this map. The land qualities and land
oharzcteristics form the bamis for comparison with land use requirements.
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In more detail, the =teps in surveys and siudies of land are:

i, Identify and define appropriate land units
1i. Survey and map the extent of those units
iii. Select the land qualities relevant to the evaluation

iv. Decide which land characteristics are to be umed to measure
or estimate the land qualities

v, Determine the values of the required land characteristics for
each of the land units.

Thia chapter covers only surveys of the physical emviromment of land. The corresponding
collection of data for economic and social analysims ie discussed in the context of that
analymis. It im not the intention of these guidelines to provide detailed instructions
in the methods of natural resource surveys. Manuals for this purpose already exist, e.g.
for surveys of m0il and for the specialized methods of foreet imventory amd related
studiex. The present chapter is intended only a= a guide to the types of surveys and
specialized atudies which may be required, amd the way in which the data on land remources
&re applied in the procedures of land evaluation.

7.2 Choice of land unit=

T.2.1 General

Early in an evaluation, at the stage of plamning the basic resource surveys, a
choice of the land units on which it im to be based needs to be made. Land suitabilities
for wariou= kinde of use will be bamed orn the land unite; +therefore these are the
smallest areas about which statements of muitability, and thus land ume planning
decimions, can be made.

The appropriate land units are determined by the objectives of the survey. For
national or regional planning purposes, broad units such as land systems may he
msufficient. Detailed forest management plamwming will require data st the level of the
land facet or the moil seriem, or even the more detailed level provided by maps of
individual soil properties. Surveys for the allocation of land ume in multi-purpome
development projects call for land unitm of intermediate =ize. As noted earlier,
existing symtems of forest mite clampification can be reviewed to assesz whether they
provide appropriate land units.

Three approaches to the survey of land units may be dismtinguished: that besed on
landforms and their associsted soils, that based on vegetation and ecological
relationships, and that based on obmerved or estimated tree growth. The firat is more
comnonly employed in agricultural land evaluation, om the basis that agricultural crops
have & high dependence o¢n moil properties, whilst landforms can be seen on air photo-
graphe. There im a recognized hierarchy of =oil mapping units.

The vegetation-based or ecological approach may be appropriate to surveys for forest
land uee, particularly at smaller =cales, although the methodology for this kind of
survey is less well established. The third approach, utilizing land units bamed on
Torest inventory data or & forest site classmification system, is the most directly
related t¢ growth requirements, and will often form the most appropriate basim wherse
adequate data exista.
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In descending order of socale, from large areas containing a certain diversity of
land characteristics to small areas which are relatively homogeneous, pomsible land
units on which to base . an evaluation include the following:

Climatic zones, agro—ecological or ecological zones;

‘including altitude-based vegetation zones

.
4

Land mystems, or comparable unitms based on ecological survey

Composite mmpping units bamed on landforms, soils, vegetation,
or combinations of these; e.g. soil landscapes, soil associations,
generalized vegetation types=

Relatively vmiform mapping unite; e.g. land facets, =0il merieg,
vegetation associations, foremt mite clasmes

Land units derived from overlay of maps if individuwal land
characteristice, e.g. slope angle, moil depth, =0il reaction
indicator plants.

2.2 Land uniturfor multi-purpose fo:estgy

special problem in land evaluation for multi-purpome forestry is that land units

of differing msize and nature may be appropriate to the different purposes. Taking the
unite selected for production forestry as a standard, the following purposes call for
apecial ireatment:

ii

ii.

idi.

Forestry for water comservation needs to be based on the watershed
catchment, either first order or higher order, to permit measure-
ment and prediction of river flow., If such catclments are not
appropriate to other purposes of the proposed foremt ume, different
land units muet be used to evaluate for differemt purpomes, sub-
sequently combined by an overlay.

Forestry for wildlife conmervation needs to define areas which cover
the daily movement patterms of animals, especially to and from
drinking water, and migration patterns where prement. Tt will
usually be desirable to base the evaluation on more detailed units,
each of which supplies mome ecological requirement of the animals,
and later amalgamate these into larger management units.

Foremtry for recreation amd tourism often includes lack of homo-
geneity, i.e. diversiiy of landscape, as a requirement. As with
the previous example, this situation is handled by taking more
detailed land unit= as the initial bamis, then amalgamating them

to provide area® having the variety which contributes to suitebility
for recreation.

Projects in watershed management present a special case. Clearly the watershed

itself

{or each one of several) is a fundamental basis for land use plamming. Speci-

fically, the land use in each part of the watershed is amsessed with respect to itm
oonsequenoes for other parts, However, the land units on which to bame such assess-
ment will usually be chosen om the bhasim of mlope, moil, vegetation, stc. Only when
mpecifically amssemsing consequences for water flow will tributary catchments {Pirst—
order watersheds) be the appropriate land units.
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Thus evaluation for multi-purpose forestiry may sometimes require simultaneous use of
different land units in assessments for different purposes. Later in the evaluation, at
the stage of provisional land suitability classification, the suitabilities based on these
different units can be combined by overlays, reconsidered and, where necessary, revised on
the basis of their relationships.

7.3 Land resource surveys

7.3.1 General

The functiom of land resource surveys ig to collect the necessary information on
geology, landforms, climate, hydrology, solls, vegetation, fauns and disease. Surveys of
vegetation include inventories of the standing forest where present. The surveys result
in the production of mape with accompanying reports.

The role of resource surveys in a land evaluation study varies greatly with the
amount of information already available. Occasionally, there will already exist ademate
soil and ecological surveys, etc., on which to base an evaluation. The survey activities
for the evaluation are then confined to collecting supplementary data needed for the
required land characteristics.

More commonly, especially in developing countries, there is often lack of reliable
and adequate basic information, in which case resource surveys form a major part of the
evaluation itself. The results of such surveys may form an independent output, with a
future value over and above the immediate purposes of the evaluation.

The firet step is therefore to assembly all available natural resource information,
and to assess its adequacy. A decision ie then made as to what further information will
be necessary to provide data for the evaluation, and how it is to be scquired. This is
followed by planning of the required surveys., These investigations should be completed
at the stage of initial planning of the evaluation.

T7.3.2 Scale and intensity

Depending on the objectives of a land evaluation, three levels of intemsity for
resource surveye can be identified: reconnaissance (low intensity), semi-detailed(medium
intensity) and detailed (high intensity).

Reconnaigsance surveys are appropriate to plamming on a national or large region
scale. They are carried out using satellite imagery and small-scale air photo inter—
pretation, combined with low intensity ground sampling. The =cale of resulting maps is
1:100 000 or smaller. Land units are highly gemeralized, and usually based on physio-
graphic units. An example is the surveys for the Canada land inventory for forestry
(Lacate and Romain, 1978).

Surveys at Ssmi-detailed level make use of medium-scale aerial photographs,typically
1:50 000, and involve more intensive field work. The mapping legend is more precise, the
land umits having fewer inclusions as compared with reconnaissance surveys. @Muantitative
interpretations for land evaluation are posmible. Frequently such surveym are carried
out as part of prefeasibility or preinvestment studies for locating suitable tracte for
prejects or more imtenmive forezt management.

Detailed survevs are carried out usimg aerial photcgraphs at scales 1:25 000 or
larger. Numeroue field observatiore are made. The mapping legemds are more detailed,
and the mappimg umits are relatively homogemeous. Snch surveys are costly amd $ime-
comsuming amd are usually carried out for specific areas selected for implementing a
plamned land use, particularly for forest mamagemert planning.

?he intensity of basic resource surveys set= a limit to0 the degree of detail and,
more importamt, the reliability of the remulting land evaluation. It ims impomeible, for
example, to attempt detailed forest managememi planming on the basis of the imterpretation



of satellite imagery. The marginal cost of acquiring more detailed or reliable
imformatiom must be set agaimst the marginal benefit from having that extra information;
particularly relevamt is the cost to a project of mimtakes which might ariee from incorrect
or imadequate survey data. Although the cost of surveys, particularly soil surveys, may
appear substantial when comsidered im imolation, it is often quite smell im relatiom to
total project development coste, The ultimate cost of mimtakem, e.g. failure to locate
areas lisble to floodimg, or to assess correctly the moil erosion hazard, may comsiderably
exceed the cost of surveys through which such mistakes could have been avoided.

“7.3.3 Surveys of individual factors afwthg_physicgl envi;onnent

It is convenient to consider basic resource surveys in three groups: surveys of
individual environmental factors - landforms, soils, ete.; integrated surveys of the
envirorment; and the specialized surveys employed in forest resource assessment.

The major factors of the physical environment are geology, landforms, climate, hydro—
logy, soils, vegetation, fauna and disease. Geology is mainly of indirect relevance,
first,through its effects as a soil parent material, and, secondly, through its influence

on groundwater hydrolegy.

landforms have little direct effect upon forest growth, but affect growth indirectly
through climate, drainage and soil. The effects of exposure, compounded of damaging
winds, frost, hail, etc., can be rated on the basis of landform position and aspect (e.g.
Pyatt et al., 1969, page 6). Landforms are, however, the most important environmental
factor influencing forest management requirements through their effects on road construc-
tion and maintenance and ease of use ¢of machinery. landform survey may either be con-
ducted independently, often as the basis for other resource surveys, or it may be com-
bined with soil survey.

Climate acts through temperature, rainfell, and climatic hazards: frost, wind, hail.
Temperature and rainfall are the major determinants for the selection of suitable tree
gpecies. Available forestry data on the requirements of tree specles is often in terms
of temperature {or latitude and altitude zone) and either mean annual rainfall, length of
growing season/dry season, or broad climatic zones (e.g. FAO, 1974; Webb et al., 1980;
Pandey, 1983). Climatic survey is conducted independently from other resource surveys,
through collection and analysis of available records.

Studies of hydrology are of two kinds, surface water and groundwater surveys.
Measurement and analysis of river flow regime is required for assessment of the impact on
flow of proposed changes in land use. Surveys of groundwater may be needed in the special
cases of irrigated forestry, and borehole sites may be necessary for forest nurseries.

S0il survey is often the major basis for forest land use planning, particularly at
semi-detailed and detailed scales {FAO, 1977a; Dent and Young, 1981). What is called a
soil survey is often in fact a soil-landform survey. If a soil survey is conducted as
part of an avaluation, it is importent to decide whether it shall be a general purpome
or especial purpose survey. A general purpose soil survey is one intended for a variety
of future planning purposes, not all of them ye known. I+ ie possible that a general
purpose survey may be thoroughly desirable, giving information over and above the
immediate needs of the land evaluation. Special purpose soil surveys are directed
towards specific needs, in the present case, the land use requirements in the evaluation.
They may thus map the required soil attributes directly, e.g. effective depth, texture,
drainage class, texture, presence of peat, acidity, etc.



~ 61 =

A system for description of so0il characteristice devised by the Commonwealth Forestry
Institute, U.X., has the merits of being simple, and of having a body of information on
tree growth requirements related to it (Webb et al., 1980). The s0il is allotted to
groups for each of four characteristics:

Texture Drainage Reaction Other features
- sandy - good - acid ~ shallow
~ loamy -~ imperfect - neutral - saline

— clayey — poor - alkaline

This can be a useful basic system in cases of assessment by non-specialists in so0il
BUTrvVey. It is by no means a complete basis for soil properties relevant to forest use,
however, and more broad-based and flexible methods of so0il survey will frequently be
necessary.

Surveys of vegetation, or ecological surveys may be distinguished from the special
case of forest imventory. In areas where the natural vegetation is not greatly dis-
turbed by man, it serves ito integrate the effects of all other factors and can therefore
be used as an indicator of climate, drainage, areas of shallow soils, etec. Since
forestry is also based on the response of plants to environment, ecological survey can
form a valuable basis for resource survey as a whole. This applies both at reconnsis—
sance scales, where land cover interpretation from satellite imagery can be combined with
field survey of vegetation communities, and at detailed scales where local plant associa—
tions can indicate variations in site conditiecns.

T.3.4 Integrated surveys: the land systems approach

The land systems approach provides an slternative to the mapping of each environ-
mental factor separately. The mapping units, land systems and land facets, are defined
in terms of the total enviromment, although identificetion and mapping is initially
based on landforms and vegetation. More detmiled studies of individual factors can
then be conducted on the basis of these common mapping unite., Originally devised on
the basis of air photo-interpretation, land system mapping has been given a new lease of
life through its application by means of satellite imagery (Dent and Young, 1981;
Howard and Mitchell, 1980; Bailey, 1981).

The land system, defined as a repeating pattern of landforms, soils and vegetation,
is an appropriate unit for land evaluation only at reconnaissance scales. The land
facet, an area over which for most practical purposes, envirommenital conditions can be
considered homogenous, can be used as a land unit at both semi-detailed and detailed
scales, requiring a higher intensity of field observations in the latter case.

T.4 EBstimation of forest volume growth and vield.

7.4.1 General

The most distinctive feature of forest land evaluation, as compared with surveys
for agricultural land use, is the greater role of surveys of the existing forest vege-
tation. In the case of management of existing forests, and if no substantial improve-
mente to the forest stand are envisaged, techmiques of forest mensuration largely or
entirely replace survey for growth requirements. Studies of landforms, drainage and
soils will still be needed for management and conservation requirements. In the case
of plantations, use can be made of yield functione or tables based on data of permanent
or temporary =zsmple plot measurements.

In principle, techniques of direct measurement are to be preferred to indirect
estimates based on climate, soils, etc., and should be used whenever there is available
data. There are similarities with the use of observed crop yield data in evelustion for
agriculture, but agricultural yields are a less reliable source owing to the very much
greater influence of variations in inputs and management. Netural forests
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without inputs by man, and plantation forests with a uniform standard of management, both
provide a relatively reliable and direct source of data from which to predict future
foresi response.

The methods involved are standard techniques in forest resource assessment, and
described in manuals and textbooks. Only a brief outline is therefore glven here, to
guide evaluation specialists without a forestry background, and to show how the results
of these techniques can be utilized in land evaluation.

7.4.2 Forest inventory

Forest inventories deal with the quantitive measurementes and mapping of the forest
resources and usually include an evaluation of tree characteristics, as well as the land
upon which they grow.

Estimation of standing or harvestable timber is a major concern of most of forest
inventories and for this purpose they include a description of the foreeted area and
ownership; estimates of standing and commercial volume, of growth and drain. In any
specific inventory there may be emphasis on estimation of one or more of these items,
depending on the objectives, but for a complete svaluation and especially with a view
to managing it on a sustained yield basis, all the above elements are of importance.

With the inecreased emphasis on multiple use foresiry - watershed aspects, wildlife,
recreation, etc. — the Bcope of forest inventories has been further widened. When these
other values are important, different or additional observations and measurements are
generally taken. In many cases, however, a great deal of the information usually
collected in a timber—oriented forest inventory can also be used for evaluating other
forest associated benefits. For example, forest composition and topographic information,
always necessary for a timber-oriented forest inventory, are also essential when evalua-
ting forest recreational possibilities or wildlife refuges. Similarly,information con-—
cerning the forest condition and stand density is useful for watershed management.

In land evaluation, forest inventory can supply quantitative data on the timber pro-
duction potential of forests, replacing the use of growth requirements. Such data can
then be combined with suitability ratings based on management and conservation require-
ments, obtained in the standard manner, to give overall suitability for production
forestry.

In the case where non—-timber forest products are of importance, direct estimates of
the standing crop of such products could form the normal hasis for evaluation.

T.4.3 Foreat vield prediction: direoct methods

Forest yield prediction consisis of & set of techniques designed to prediot the
growth rate of forest stands and thus their potential yield. It includes, but is not
confined to, the site index method. Techniques ars described, with a selected biblio-
graphy, by Alder (1980).

Yield prediction glves estimates of growth rates, or mean annual increment, by timber
species and relative to epecified classes of site. It can be applied to both natural
forests and plantations.

The gite index method is a technique of yield prediction applicable to even-aged
forest stands. These may consist of planted trees or even—aged natural stands. They
are normally besed on permanent sample plots, established on varying site conditioms for
the purpose of predicting growth.

The principle on which the site index is bamed is that for fully stocked even-aged
stends, the height of the dominant and co-dominant trees is closely related to site pro-
ductivity. Dominant iree height is plotted againat age, the latter obtained from growth
rings in natural foreats. OCrowth rates differ between better and poorer sites, resulting
in a set of growth curves {Figure 7.1}. The height in metres at some specified standard
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FigureT.1  Site index curves and site classes, Tectops srandis, India
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is taken as the site index (in temperate forests the standard age is commonly 50 years,
but this is inappropriate in tropical softwood forestry). Tor each value of site index,
the volume and thus yield potentials at different ages are calculated.

Once a set of site index curves for tree species and for the region have bheen
established, this technique allows the potential yield for a site to be predicted where—
ever an even-aged stand of any age is present. The dominant tree height is measured, and
average age determined, the site index read off the graph of site index curves, and the
corresponding yields obtained from tables.

A supplementary technique is that of the species comparison graph for site indices.
Height—age courses for different specier are plotted on one graph. This enables the
yield of a species not present on a given site to be estimated from species that are
present (e.g. Carmean, 1975).

For forest stands of mixed age classes, alternative methods of yield prediction
are available, including static yield functions, transition matrix models and distance-
independent tree models based on difference equations (Alder, 1980, Chapter 6). The
principle is the same as for the site index methed, that of predicting rates of growth
and thus potential yield on the basis of direct measurement of existing foreast stands.

Where & network of well chosen permanent sample plots has been in existence for
some years, the site index techmnique provides the most reliable method for the survey
of land resource potential, not only in forestry but as compared with teclmiques avail-~
able for any other kind of land use. It should, therefore, be taken as the standard
method for the assessment of timber output in land evaluvation wherever the requisite
conditions eximt. Yield estimates derived from mixed age stands are somewhat less
precige, but still superior to indirect estimates of growth rates. Direet methods of
forest yield prediction should therefore be preferred in land evaluwation, as a means of
estimating potential production wherever reliable data of this type are available,

7.5 Predicting forest yield from site characteristics

g5l drowth—site correlation

A powerful method for extending yield prediction from area with tree growth onto
areas with no such data ie growth-site correlation, The principle is simple. Sample
plots are laid in a substantial number of stands well distributed over the range of |
climate, landforms, and soils found within an area, and measured repeatedly over a |
period of time to obtain growth data, For each of the sample plots, wvalues of land
characteristics thought likely to affect tree growth are also recorded. Simple or
multiple correlations are established between growth as the dependent variabie and
site factors as independent variables. The site factors found to be significantly
related to growth are then surveyed for other parts of the area, for which no direct
growth data are available, so enabling yield predictions to be made for the entire
study area.

The selection of land characteristics liable to be correlated with growth is dis~
cussed in Section 6.2.2. The reliability of yields predicted by this method is deter-
mined, firet, by the reliability of the initial yield estimates and, secondly, by the
strengths of the correlations; in practice, the latter is likely to be the larger |
source of error. Provided that the number of samples is large enough, confidence
lipits can be assigned to predict yields; for example, they might be expressed as
mean and standard deviation, e.g. 15 m° T 4.5, or as 90% or other selected confidence
limits, e.g.4€11 - 19 m3 (p<0.1)

7.5.2 Methods for vield prediciion in land evaluation: summary .

Summarizing the preceding outline, the following methods for predicting growth
rates and thus potential timber yields are available. They are listed in approximate
descending order of reliability; +thus the methods higher in the list should be
selected where appropriate data and conditions are available.
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i. Forest inventory (survey of volume of atanding timber)
ii. Direct forest yield prediction:
(a) Site index method
(b) Yield prediction methods based on mized age stands
iii. Growth - site correlation

iy, Prediction based on comperison of requirements of tree
species with surveys of the physical environment.

These methods are used for two purposes. First, for the selection of most
appropriate tree species for plantation forestry. Secondly, for predicting yields, as
part of the description of land utilization types and as a basis for ecomomic analysis,
applicable to both natural and plantation forestry.

Correlations with major environmental differences, e.g. altitude ranges extending
over many mndred metres, or large rainfall differences, can be quite high. Correlatios
with soil properties are often rather low. In particular, quite a wide range of growth
rates is often found within a single moil series; reasons for this variability are not
clearly known. There is a problem, however, in that, if the data are taken from per-—
manent sample plots, these will probably not have been established on the more obviously
unguitable sites, e.g. swampy or with very thin Boils. Had such sites been present, the
statistical correlations with growth would have been higher, but the added practical
value is small. Predictions for such sites can he hased on common sense,

7.6 Selection of land qualities and land characteristics

7.6.1 Choice between land qualities and land characteristics as
the basig for an evaluation

Land cqualities are attributes of land which have g distinctive influence on the
suitability of land for use. This influence may be upen growth, ease of management or
need for conservation. Examples are moisture availability, rooting conditions, fire
hazard, terrain factors affecting mechanization and erosion hazard. Land qualities
are relatively few in number. About 30 qualities cover the requirements of 2ll kinds of
forestry in all enviromments, but for any particular evaluation the number of ¢ualities
which have a significant influence on land suitability will often be less than half that
number. It must again be stressed that the meaning of land quality is quite different
from site quality (see p.14).

Land characteristics are attributes of land that can be measured or estimated,
e.g. mean annual rainfall, soil depth, slope angle, present timber volume by species.
Land characteristics are employed as a means to measure or estimate land characteristiocs,
Many hundreds of land characteristics may influence forest growth, management or con-
servation, directly or indirectly.

It is possible to bhasze a land evaluation either directly on land characteristice
or on land qualities estimated by means of land characteristics. Comparative tests
have found that both methods lead to very much the same result.

In the direct use of land characteristics, the evaluator lists those characteristics
which are both measurable and are believed to have an influence on suitability. Aan
example of such a short list might be altitude, length of dry season, slope angle,

relative relief, soil drainage class, percentage rock outcropes and boulders, effective
goil depth, soii texture class, soil pH, and type of present vegetation cover. -These

characteristics are then rated according to their assessed influence on suitability for
specific uses (Section 8.2.2).
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The main disesdvantages of this procedure are, first, that it is not always made
clear why a particular value of a characteristic is rated as more or less suitable, and,
secondly, that it fails to take account of interactions between factors. Are rock out-
crops and boulders being assessed for their influence on rooting conditions, i.e. avail-
able land for tree growth, or for the obetacle they provide to roading and/or mechanized
harvesting® There is not necessarily a range from 'good' to 'bad' for all purposes.
Heavier so0il textures may he favourable to growth, but have inferior bearing properties
for machinery; =so0il pH values preferred or tolerated by some tree species are adverse
to others. There is also the problem of selection from among the very large number of
posgible characteristics. Despite these objections in prineiple, it should be said that
some evaluations have been successfully conducted largely or entirely in terms of land
characteristics.

The alternative course is to base the evaluation on land qualities, meaSured or
estimated by means of land characteristicg. Adventages of this procedure are:

- The relatively short checklist of land qualities
provides =& means of ensuring that no significant
influences upon suitability have been overlooked.

— The same land quality can be estimated by different
means, according to the data available. TFor example,
soil drainage conditions can be estimated directly by
field survey of the soil drainage class, or indirectly
through field or remotely sensed records of vegetation
communities.

~ fThe use of land qualities directs atiention to the
essential feature of suitability evaluation, the assess-—
ment of land in relation to its influence upon potential
for land use.

— Many land qualities correspond closely with land use require—
ments, e.g., moisture requirements with moisture availability.
Thie correspondence facilitates comparison hetween require-
ments of the specified use and properties of land units.

In practice, for the circumstances of a particular survey many land qualities are
estimated by means of & single characteristic: rooting conditions by effective soil
depth, landslide hazard by slope angle, etc. It may then appear that characteristics
are being used, although they have been selected through consideration of their
effects on cualities and thus on land use. Other land qualities, however, will
certainly require assessment of the combined influence of several characteristies, Tor
example, ease of mechanization or soil erosion hazard.

The practice here recommended is to base an evaluation on land qualities. The
necessary steps are therefore:

i. Select the relevant land qualities
ii. Belect the land characteristics to be used

to estimate these qualities.

The factors chosen as a means of representing land qualities are called the
diagnostic factors. They are used in the procedure of factor rating described in
Chapter 8. A diagnostic factor may consist of any of the following:
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i. A single land characteristic.
ii. A set of land. characteristics, combined in some specified way-

iii. A land quality, described by some system of classes or degree
of limitation {e.z. 'very high, high, moderate, low, very low'
rmutrient availability, moimture availebility, ete. 'nil, slight,
moderate, severe, very severe' salinity limitation; ef. also
the system of terrain classes in Table 7.2)

7.6.2 Land qualities

4 list of land qualities which are likely to affect potential for forest uses is
given in Table 7.1l. There may be other qualities applicable in special circumstances.
It should be noted that, as in the case of land use requirements, this checklist covers
only proparties of the land and is not intended to include economic or social factors
which affect land suitaebility. :

The land cqualities are grouped into those affecting growth, management and con-
servation, qualities based on estimates of existing growth, and qualities specific to
recreational and tourist potential. In many cases the land qualities correspond to
land use requirements. Thus the land use requirements '(requirement for rooting con-
ditions)' corresponds to the land quality 'rooting conditions (poesessed by the land)'.
Fach land utilization type may have different requirements for rooting, and each land
unit may effer different rooting conditions. The use of corresponding terms facilitates
comparison between requirements and land qualities.

The terrain factors which may affect mechanized operations and internal acceBs are
grouped as a single land guality (No. 17). This cazn be used to assess any or all of
the land use requirements for mechanized operastions, harvesting, road consiruction and
maintenance and other internal access, not all of which will be employed in a particular
evaluation. Table 7.2 gives a set of terrain classes as one means of describing this
land quality.

The procedure in an evaluation is to review this checklist, firat, with respect to
the land utilization types being considered, and, secondly, in the context of the environ-
ment of the study area. Two groups of land qualities are rejected: +those irrelevant to
the land use, e.g. those affecting recreation potential where no such use is intended;
and those which have no limiting effects within the area, e.g. salinity in a humid upland
area. Also rejected are qualities which, whilst necessary for the use, do not in
practice have restricting effects in the area, e¢.g. conditions for nursery sites in an
area where suitable sites are quite clearly to be found widely.

The remaining land qualities, selected as having sBignificant effects within the
study area; on at least one of the land utilization types under consideration, form the
basis for the evaluation.

“7.6.3 Land cheracteristics

The next step is to select the land characteristics which will be used to measure
or estimate each relevant land quality. Table 7.3 is a list of land characteristics
which may be used for thie purpose, arranged according to the major divisions of the
physical environment. The list is by no means exhaustive. It can be used to check the
extent to which date of each kind can be obtained from surveys existing or in progress.

The right-hand coluwmn of Table 7.1 gives the land characteristice which may be used
to measure or estimate each land quality. Selection may be based on comparison between
Tables 7.1 and 7.3. Either one or several characteristics may be selected to represent
a quality. The characteristics are listed in approximate order from those whiok more
accurately represent the quality, but may be difficult or costly to obtain, to those
which represent the quality less precisely but are more easily availahle, For example,
metrient availability is most directly represented by data from laboratory analysis of
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Iand qualities for forestry, with land

characteristics which may be used to

measure or estimate the qualities.

Characteristics which follow a colon
provide indirect estimates

Table 7.1
LAND QUALITY

i, Qualities affecting growth

S

10.

11,

12,

Radiation regime

Temperature regime

. Moisture availability

S0il drainage

Nutrient availability

. Rooting conditions

Conditions affecting
germination and establish-
ment

Salinity/sodicity

. Cther toxicities

Climatic hazards - fire

— frost

- wind

Physiocgraphic hazards
— flood

— landslide

Incidence of pests and
disease

LAND: CHARACTERISILICS

Total radiation, sunshine hours, aspect;
day length: latitude, climatic type

Temperature — mean annual, mean for growing
season, hottest, coldest months: altitude,
aspect, climatic type

Relative evapoiranspiration deficit, rainfall/
evaporation ratio, depth to groundwater; rain-
fall - mean for growing season, mean anmual;
aspect, vegetation indicators

Soil drainage class, depth to mottling:
vegetation indicators { communities or species)

Mean levels of N, P, K, etc., soil pH: topsoil
thickness, soil type

Effective soil depth, stones and gravel, rock
outcrope and boulders, soil struciure: soil

type

Soil texture, stones and gravel, surface
gealing or capping

Electrical conductivity of saturation extract,

exchangeable sodium percentage: soil type,
vegetation indicators
Observed toxicities, goil pH: soil type

Observed frequency; 1length of dry season,
reinfall/evaporation ratio, combustibility of
ground vegetation

Mean frost days: altitude

Frequency/severity of high winds, typhoons;
exposure index, aspect

Observed frequency/severity: <topographic site

Observed frequencx/severity; 8lope angle,
rainfall intensity, soil depth

Observed incidence; relative humidity,
temperature, soil factors of known influence
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E.

Estimates of forest volume,
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LAND QUALITY

LAND CHARACTERI STICS

growth and yield

13.
14.

15.

15.

Present timber volume

Predicted timber yield

Seedling survival rates

Predicted yield of mon-timber
products

. Qualities affecting management

17.

18.

13.

20.

21.

Terrain factors affecting
mechanized operations and
internal access

Conditions affecting mursery
sites
Present vegetation cover

Size of potential management
units

Location

Qualities affeciing conservation

22.

23.
24.

25,

26.

Erosion hazard

Water yield

Predicted response of steam-
flow

Tolerance to vegetation
degradation

Presence of valuable plant
and animal species

By species, from forest inventory

By species, from forest yield prediction
or growth-site correlation: =ite index

Recorded averages for site iypes or area
as a whole, by species

From forest inventory or prediction

Terrain class; slope angle, relative
relief, stream frequency, microrelief, soil
bearing capacity, presence of swamps,
cracking clays.

Available water supply (surface or ground-
water), soil texture

Ease of clearance
Size of blocks of suitable land

Distances from earth road, tar road, rail,
river; and from sawmills or other markets

Estimated soil loss, t/ha/year; slope angle,
rainfall erosivity, soil erodibility, rain-

fall intensity, soil permeability, soil tex—
ture, vegetation cover: soil iype

Recorded or estimated

Hydrological modelling

Observed or estimated; present condition

of vegetation, vegetation type

Presence, rarity

Qualities affecting recreation potential

27

28.

Scenery

Resources for recreational
and tourist activities

Aesthetic or scientific value, and variety,
of landlands and vegetation

E.g. rock climbe, fishing resources

See also Qualities 10 (fire hazard),

20,

31, 28, 25, 26
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Table 7.2 Terrain Classges

Tk SR, Measurement Classes
1 2 3 4 5
. 7,
Relative relief (m) 50 100 200 500 any
Slope angleg/ (Degrees) 5 10 18 35 any
( Percent) q 18 32 70 |

Active landsliding absent | absent| infrequerni common very common
Swamps (% of area) 2 10 20 50 | any ,
Stream channelsl/ (no./im) 1 2 | 5 10 any
Rock hindrances (outcrops %) | 1 | 4 | 10 25 | any
and boulders)
Stones, topsoil (%) 1 5 15 20 | any
Cracking clays absent | absent. - - : -
Values given are the maximum permitted in the class
l/ Height difference hetween interfluve creste and adjacent valley floors
2/ Angle exceeded by 33 of slopes in an area
}/ Number of stream valleys (including ephemeral watercourses) encountered

in randomly-orientated traverses one kilometre in length

a statistically controlled sampling programme; in many cases, however, it may be
necessary to diagnose nutrient availability indirectly, e.g. by thickness of the
organic topsoil, or =o0il type.

Selection of land characterietics is achieved through reconciliation of two
aspects:

i. Which characteristic(s) best represent the land quality?

ii. On which characteristics is it practicable to obtain
relisble information?

For example, in a detailed survey for a forest management plan it might be possible
to describe rooting conditions by means of field survey of effective soil depth (depth
to a2 limiting horizon of rock, indurated ironstone, etc.)}, together with recorded per-
centage frequency of rock ountcrops and boulders. In a reconnaissance survey for broad

regional plamming, however, survey of such intensity would be too costly, and the
rooting conditions are represented indirectly and approximately by average slope angle.
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Table 7.3 Land characteristics which may affect suit-
ability for forest growth, management or

coenservation
4. Geology Rock type, rock hardness/strength (bearing capacity, road

construction). Indirect means of estimating so0il properties,
groundwater hydrology.

B. Landforma Slope angle, relative relief, stream frequency, outcrops and
' boulders, swamps, aspect, shape of slope, exposure index, micro-
relief. Landslide frequency. Scenic value. Indirectly altitude
as @ means of approximating to temperature.

€. Climate Anrual temperature, temperature in growing season, temperature
of hottest, coldest months, extreme temperatures, frost fredquency,
frost-free period. Anmnual rainfall, growing season rainfall;
length of growing season, dry season, evaporation; rainfall
intensity, energy. Total radiation, sunshine hours. Relative
humidity. Frequency and severity of high winds. Climatic type.

D. Hydrolegy River flow regime, unit hydrograph, flood frequency. Groundwater |
depth, presence of aquifers.

E. Scils Effective soil depth, topsoil depth, depth to impermeable layer;
{topeoil texture, stones and gravel, structure, comsistence; occurrence
and sub— of crusting, pans, stone or gravel horizon, laterite horizon;

s0il where drainage class, depth to mottling, permeability, available water

relevant) ocapacity. Nutrient content, organic matter content, pH, base
saturation, electrical conductivity of saturation extract,
exchangeable sodium percentage. Bearing capacity. Soil type.

F. Vegetation Volume of standing timber, predicted growth rates, site index,
volume or predicted yield of non—timber products. Indicator
communities or species; combustibility. Genetic diversity, rare
apecies.

G. Fauna and Animal, bird or insect pests or carriers; plant diseases,
digease including soil borme. Animal population, rate species.

7.7 Studies of land in environmental and recreation forestry

7.7.1 Environmental forestry

48 already noted with respect to land use requirements, ithe method of land
evaluation for conservation forestry differ +to some extent, in approach as well as
in detail, from those appropriate to other forms of forestry. Just &8s the require-
ments are based upon need for protection, sc also the surveys of land are directed
towards assessment of the degree of need. The distinction between land use require~
ments and land qualities becomes less clear cut.

Details of procedures for studies of land with respect to conservation neede are
given in specialized handbooks, e.g. on hydrology, soil ercosion msaessment. In
principle, the approach is, first, to measure the existing situation and, secondly,

to estimate the corresponding situation if the protective forest cover were to be
removed.
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For water conservation, the main aspects to be considered are:

- present flow regime;

- estimated response of flow regime to vegetation
changes (permanent clearance, temporary harvesting,
or afforestation).

The response is conditioned by rainfall characteristics, s0il permeability,
drainage pattern, the unit hydrograph, etc.

In forestry for scil conservaton relevant aspects are:

— present state of ercsion;
- estimated response, in terms of catchment erosion
and off-site sedimentation, to vegetation changes.

Methods for prediction of soil erosion are reviewed in FAQ (1979b, 1983)1

Forestry for conservation of flora and fauna calls for specialized studies
directed towards the presence of distinctive genetic reserves, rare or endangered
animal species, and the conditions necessary for their preservation.

7.7.2 Recreation forestry

Forestry for recreatiom and touriem is again a specialized aspect, although
one which leads itself to treatment in terms ofland use requirement and the corres-
ponding land qualities. The requirements {Table 6.2, p.52) are mainly in terms of
regources for recreational and tourist purposes and the studies of land will be
directed towards assessment, qualitative or semi~quantitative, of those resources.
There are established systems, developed mainly in Europe and the United States, for
rating of aesthetic {scenic) values, whilst the Canada Land Inventory has an
established methodology for classifying recreation potential, which could be taken as
a model.
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7.8 Examples

T.8.1 Examples of selection of land gualities and land characteristics

Objective, land utilization type and area:

semi-detailed survey for

location of mechanized coniferous plantations for timber production, Turkey.

from Cooling, 1977).

RELEVANT QUALITIES

Affecting growth

S0il drainage

Rooting conditions

Salinity
Toxicities

{ Combination of qualities affecting
growth, employed for species selection)

Affecting management

Terrain factors affecting
mechanized operations

Affecting conservation

Erosion hazard

( Adapted

LAND CHARACTERISITICS SELECTED

AS DIAGNOSTIC FACTORS

Soil drainage class
Depth to water table

Soil depth
Stoniness

Salinity class
Soil reaction (pH)

S0il texture
Soil reaction (pH)

Landform class
Slope angle
Rockiness
Microtopography

Erosion hazard class
(slight, meoderate, severe)

Comment Climate over the murvey area is relatively uniform, hence the omission of

radiation, temperature and moisture qualities.

Growth requirements for location of

plantations are therefore dependent on drainage and rooting conditions, the presence

of strongly acid or alkaline soils, and the hazard of smsalinity.

The semi—-detailed

intensity of the survey permits field soil observations, e.g. of drainage class, depth
and stoniness, but not laboratory sampling and analysis other than for pH.

For selection of tree species, two land characteristics are employed directly as

diagnostic factors:

80il texture and reaction. This is because information on specises

requirements are available in terms of these characteristics.

The relevant management requirement is terrain conditions affecting mechsnization,

including harvesting.

Landform class is obtained from air photo—interpretation, eslope
angle, rockiness and microtopography by field survey.

It was decided during initial

consultations that location would be treated outside the framework of the initial

qualitative evaluation.

Plantations are not expected to have adverse effects on streamflow, and there

are no rare or important biological resources in the area.

The need for conservation

is therefore not to plant on areas of high erosion hazard, expressed on a gualitative

scale of classes based mainly on slope angle.

Note
based directly on land characterigtics.

In the original survey from which this example is adapted, evaluation was
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7.8.2 Example of part of a description of land characteristics belonging

te a land unit

LAND UNIT NO. 33

SUMMARY DESCRIFTICN:

LAND QUALITY

Temperature
regime

Meisture
availability

Salinity

Terrain
factor

NAME: Mazlak Plaindg

Low altitude, gently undulating plains with
scattered hills; hot, semi-arid; calcareous
soils of variable depth, with saline paiches;

thorn scrub.

LAND CHARACTERISTICS UNIT VALUE NOTES
Mean temperature in °c 28°
growing season. 5 o
Mean forhottest month 0 55
Reinfall/evaporation r/Eo 0.18
ratio
Elec. conductivity ECE no data ;/
Presence ofsaline areas fre- few

quency

class
Landform class class gently

sloping

Slope angle degrees 0 - § |
Rockiness 9 cover 5 — 10% 1

l/Salinity is assessed in terms of electrical conductivity measurements
where data are available, otherwise field observation of frequency of

saline patches,
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MATCHING LAND USE WITH LAND
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CHAFTER 8

MATCHING LAND USE WITH LAND

8.1 Introduction

with
them.

The focal point in land evaluation is that at which data on land use and on land
are brought together and compared, the comparison leading to land suitability classi-
fication. These data are:

The relevant kinds of land use (land utilization types),
and their requirements and limitations.

The land units and their land qualities and characteristics.
The environmental impact of land use on land.

The economic and social consequences of each alternative kind
of land uge on each land unit.

Generally, economic and social analysis follows the comparison of requirements
land qualities, although, in practice, there may be considerable overlap between

The purposes served by matching are:

To refine the description of land utilization types.

To determine the management and improvement specifications
of each land utilization type on each land unit to which it
iz suited, and thus to estimate the required inputs.

To estimate the maghitude of the outputs from each land
utilization type on each land unit to which it is suited.

To appraise the provisional suitabilities in terms of
environmental impact and social consequences.

To provide an economic analysis of the relative costs and
benefits of each relevant combination of land use with land unit,

To produce a set of suitability classes for kinds of land use
on land units.

In evaluations for production forestry, and also for recreation, there are three
steps in the initial comparison of land use requirements with land qualities: setiing
of factor ratings for each land use requirement, comparison of these with the land units
to obtain land suitability ratings, and combination of the latter into provisional land
suitability classes. For envirommental forestry this sequence of procedures may not be
appropriate, as discussed in Section 8.3.3.
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8.2 TFactor ratings

8.2.1 General
At the start of matching, the evaluator has in front of him:

i, A set of land use requirements for each land utilization type,
similar to those given in Tables 6.1 and 6.2. These will be
similar in form to the example given in Section 6.4.

ii. A set of values of the diagnostic factors {land qualities, land
characteristics, or a combination of the two) for each land unit,
based on those given in Tables 7.1 and 7.3. These will be similar
in form to the example given in Section 7.8.2.

The first stage is to decide on the factor ratings for each land utilization type.
A fagtor rating is a set of critical values which show how well one particular land use
requirement is satisfied by a condition of the corresponding diagnostic factor. For
example, for the land quality of soil rooting conditione, as meagured by scil effective
depth, a soil depth of over 150 cm might be rated highly suitable, a depth of less than
20 cm not suitable, with corresponding values for moderately and marginally suitable.

The factor ratings are set for each selected land quality in turn: e.g. rooting
conditions, moisture availability, erosion hazard. Different land utilization types
will have different ratings; for example, some tree species will survive on shallower
seils than others.

Factor ratings are shown by lower case letiers, sl, s2, 53 and n, to distinguish
thém from sultability classes based on all factors combined. Ratings do not generally
distinguish between nl and n2.

B.2.2 Setting of factor ratings

An example of factor ratings is given in Table 8.1i. Ffor simplieity, only four
requirements are listed, each of which is diagnosed by a single land characteristic,

In this example, moisture availability is diagnosed by the ratio of anmual rainfall
to potential evaporation, q/Eo. In the context of the semi-aridity of the survey area
as a whole, coupled with the tree species selected, a ratic better than 0.5 (e.g. 800 mm
rainfall to 1 600 mm evaporation) is here considered the best that can be expected, and
rated ag s8l. A ratio below 0.2 is assessed as so unfavourable that unirrigated planta-
tions would almost certainly fail, and is rated as n. Taking these limits as a starting
point, a relatively narrow range is rated as marginal, s3, and a wider range as
moderately suitable, s2.

The above example illustrates the guidelines to be followed in deciding suitability
ratings. These are:

i. Rate as_sl those conditions which, whilst less than optimal,
nevertheless would not be expected substaniially to increase
inputs or reduce outputs.

ii. Rate as n those conditions which would be expected to increase
inputs and/or reduce outputs so severely that, on the hasis of
this land quality alone, the land use would be physically or
economically impractical.
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iii. For setting the critical value separating s2 from s3,
there are two alternatives.

equally, for simplicity;

Either the range is divided

or, as in the examples given

in Table 8.1 a relatively narrow range is assigned to s3.

This latter procedure has the effect of making s3

represent a range of uncertainty as to what constitutes
the upper boundary of unsuitable conditions - a kind of
'"thick boundary' te¢ n.

Table 8.1 Example of factor ratings for a
land utilization iype

Land wiilization typer Large-scale fuelwood plantations,

mechanical harvesting, semi-arid
zone of West Africa

Land use Diagnostic Unit Factor ratings
requirement/ factor r )
land quality sl 82 83 n
Moisture Rainfall/evapor— r/Eo = 0.5 - 0.30.5 0.2-0.3 0.2
availability | ation ratio
~ Rooting 8011 effective cm > 150 40150 2040 20
conditions depth
501l texture l/ class any except clay clay -
Conditions Terrain class u al 25 4 5
for mechani-
zed harves—
ting
Ease of land vegEtééjon L 1,2 3¢l 5 I
clearance class
Erosion Predicted t/ha/ <€ 12 12-25 25~50 50
1 hazard year

l/ See Table 7.2

It is assumed that vegetation types of the area have heen

assigned to 5 classes according to ease of clearance.

The remainder of Table 8.1 illustrates these principles applied to different circum—
The second growth requiremeni, rooting conditions, is diagnosed by iwo land

characteristics, effective depth and soil texture, taking the poorest of these as limiting
the suitability rating. For depth, =150 cm is judged to be highly suitable, and <20 cm
For texture, a clay texture is considered to lower the suitability class
to 83, but there is no texture which would cause a rating of n.
conditions for mechanized harvesting, is diagnosed by the terrain classes in Table 7.2
which combine a mimber of land characteristics.

stances.

as not suitable.

(p-70)

One means of rating erosion hazard is illustrated, the use of predicted soil loss.

A management requirement,

The s0il loss to be expected under the given land use will be calculated for each land

unit.

The factor ratin

consist of losses judged to be relatively acceptable:
example, less than 12 t ha/year is considered to be a condition that, in the context of
the local environment, would be highly suitable.

in this

A loss of more than 50 t/ha/year is

judged unacceptable, and thus a reason for classing any land that would produce such a

loss as not suitable.

1983),

For reviews of methods of predicting erosion loss, see FAO (1979%,
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A refinement of Table 8.1 would be to subdivide the land utilization type into two
subtypes baged on different tree species. The ratings for mechanized harvesting and
erosion hazard would remain the same, that for rooting conditions might or might not
change, but the ratings for moisture requirements would probably be different. This
illustrates a useful method for constructing land utilization types, based on disaggre-
gating their land use requirements into requirements for growth, management, and con-
servation.

There are as yet no standard tables for the growth requirements of many of the
tropical tree species nor for terrain and other requirements for different kinds of
management or harvesting. Some sources give tree species preferences, in very
generzlized terms (e.g. FAO, 1974; Webb, Wood and Smith, 1980; Pandey 1983}. Local
experience is a good gunide, provided that past management can be assumed as satisfactory.
Experience from similar environments in different countries or continents should, in
principle, be transferable, but needs to be treated with caution; for example, a rain-
fall of 600 mm falling in a single season may be substantially more concentrated, and
thus probably less effective, in one area than in another.

8.2.3 Setting of factor ratings for estimates of forest volume, growth and yield

There is less experience of using estimates of existing growth, the land qualities
in Section B of Table 7.1, as diagnostic factors for land suitability. In principle,
they should be assigned factor ratings in a similar way. For example, in an evaluation
for wood production from natural forests, the main type of basic resource survey is
likely to be forest inventory. This will have given detailed estimates of harvestable
timber per unit area, by species, and under given specifications. Assume for simplicity
that the total harvestable volume is to be taken as the diagnostic factor. In a humid
region a volume of more than 150 m /ha might be considered highly satisfactory and
rated as sl; whilst it may be judged, if possigle on the basis of a rapid approximate
economic analysis, that anything less than 40 m /ha would be uneconomic to extract, and
thus rated as n.

For the example in the preceding section, however, that of fuelwood plantations in
a semi-arid zone, these critical values would be considerably lower. This illustrates
the principle that suitability has to be assessed within the local context of physical
and economic conditions.

Similar methods can be followed for estimates of forest growth and yield. HFither
eite index or site quality class can be treated as diagnostic characteristics, and
assigned factor ratings, as in the example given in Table 8.2.

Table 8.2 Example of factor ratings based on estimates
of forest volume, growth and yield

Land utilization type: Teak, Tectona grandis, India

Land use Diagnostic Unit Factor ratings
requirement/ factor —
land quality sl 82 53 n
Tree growth | Site class class I Ik ITI, IV v
OR
Site index site 30 24~30 12-24 12
index

Note: Either site class or site index, and not both, would be
employed in a particular evaluation



8.2.4 Factor ratings for land qualities affecting comservation

For rating of conservation requirements there are two circumstances to be considered:
that in which the primary objective is production forestry, in which fulfilment of con-—
servation requirements is always a necessary condition; and that in which conservation
i8 the primary or a major objective of the forest.

In the first case, production forestry, the relevant qualities are those numbered
22 to 26 in Table 7.1, the predicited effects of the land use on soil erosion, water
yield, vegetation degradation, and the protection of valued plant and animal species.
The recommended method of treatment has been illustrated in Section 8.2.2 for the case
of requirements for avoidance of soil erosion. This method is as follows:

i. For the survey area ae a whole, decide upon conservation
criteria which can reasonably be taken as very satisfactory:
erosion loss below some specified value, e.g. 12 t/ha/year;
reduction in water yield not to be greater than, e.g., 10%;
no danger of extinction from the area of a given list of
plant and/or animal species. These target conditions are
rated as sl.

ii. Decide similarly what environmental effects are to be
treated as unacceptable, using similar diagnostic factors,
quantitative where possible. These unacceptable conditions
are rated as n.

iii. The environmental effects of the land use on each land unit
are then estimated: e.g. impacts on ercsion loss and water
yield, and danger of extinction from the area of plant or
animal species. Suitability ratings are determined by com-—
paring these estimated effects with the criteria set in the
factor ratings.

For the second circumstance, that in which forestry is primarily for conservation
or reclamation, it may sometimes be possible to follow a similar approach. In other
cases, however, broader-based, qualitative estimates of suitability may be more
appropriate. For example, it may be found that certain watersheds are the main origin
of peremnially -flowing rivers for a region. Even without calculating flow responses
to temporary or permanent deforestation, it may be held that these should be kept as
priority areasm for conservaton forestry; in land evalvation terminelogy, this would
be to assign them a land suitability class of S1 for watershed protection forestry.

Where land reclamation is an objective, observed severity of erosion can be taken
as a diagnostic criterion for suitability — the areas most in need given the highest
ratings on these grounds. Alternatively there could be geparate ratings for the
severity of present erosion, the value of the land if reclaimed, and the predicted
success of afforestation in achieving such reclamation.

The assessment of environmental impact is considered further in Chapter 9.

‘8.3 Land suitability classification

8.3.1 Land suitability ratings

After the factor ratings have been set for each land quality belonging to each
land utilization type, they are compared with the corresponding conditions of the land
units. This leads to a set of partial or component suitabilities, called land suit-
ability ratings. These show suitability of a land unit for a specified land use, based
on one requirement alone, e.g. suitability based on rooting conditions alone. Thus,
if a land unit has soils with an effective depth over 150 cm, the land suitability
rating would be sl, highly suitable, for the land utilization type referred to in
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Table 8.1, Another land unit, with an average soil depth of 10 ¢my, would give a land
suitability rating of n, not suitable, for the same use. Land suitability ratings are
shown in the same way as factor ratings, by lower case letters, sl, s2, &3 and n.

An example of a set of land suitability ratings is shown in Columne 1 and 2 of
Table 8.3. Each set of land suitability ratings refers to suitability for ome lang
utilization itype on one land unit. Each individual suitability rating refers further
to suitability based on one land use requirement/land quality. Thus, in Table 8.3 the
uppermost land suitability rating of sl results from comparison between:

- the moisture requirements of fuelwood plantations;
~ the moisture availability in the Jalala Hills.

In this example, the rainfall/evaporation ratio of the Jalala Hills has been taken as
0.6; comparison with Table 8.1 shows that this falls within the critical limits for a
factor rating of sl, therefore the land suitability rating is also sl.

Table 8.3 Example of combination of factor ratings to give
Provisional land suitability classification

‘Land utilization type: large-scale fuelwood plantations,
mechanized harvesting

Land unit: 3 Jalala Hills

Land use Land suit-

requirement/ ability

land quality rating

Moisture 8l

availability - ) Conditions far

Rooting ‘ 82 )} growth: s2

conditions

Conditions for i 83, )

mechanized ‘ } Conditions for

harvesting } management: 8y

Fase of land Bl 2

ctlearance : ‘)

Erosion 82 . Conditions for

' hazard conservations; s2

Provigional land suitability subclass: S53q

Notes: Slopes and broken terrain give marginal conditions for |
mechanized harvesting. Suitability might be upgraded
to 52 if LUT changed to partly mechanized harvesting
methods.
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8.3.2 Combination of land suiiability ratings

The next step is to combine the land suitability ratings into an overall land suit-
ability classification. This process of combination is illustrated in Table 8.3. There
are five suitability retings. These have first been combined to give suitabilities
separately with respect to growth, management and conservation requirements: in the
example, 52, s3 and 82 respectively. The latter are then combined into an overall land
suitability class of S3, marginally suitable. The limiting factor in this case, i.e.
that which lowers the suitability class, is the conditions affecting mechanized harvesting,
here assigned the subclass letter 4, giving land suitability subclass 33q.

In this example, the rule has been followed that the least favourable factor is
taken as limiting to the suitability; +that is the overall suitability can be no higher
than the lowest of the land suitability ratings. This is the most common method for com-
bining ratings. A possible modification is:

i, Assess certain land use requirements as important, whilst
others are only significant. Add this assessment 1o the
table used for combination.

ii. The overall land suitability may not be higher than the
rating for a single important requirement, but may be
one class higher than a single gignificant requirement.

iii. Qverall suitability may not be higher than any two
ratings of significant requirements.

There are other methods for combining factor ratings, ranging from subjective judge-
ment to various arithmetic procedures; these are outlined in FAO (1983a). A subjective
method may be possible where the evaluation is coordinated by a single experienced
forester/evaluator; there is the danger that the same rule may not be followed in all
instances where it occurs. Precise rules are necessary for cases of classification by
several members of a team, or by computerized methods.

It may sometimes be preferable to assess suitabilities by means other than combina-
tion of separate factor ratings. For example, a specialized study of conservation
requirements may have been made, using different techniques, but yielding,as a result,
an overall classification of land according to its need for conmservation forestry. This
could be adopted ae the basis for suitability classification.

8.3.3 Land suitability classification for envirommental forestry

The procedure described above, from factor ratings via land suitability ratings to
provigional land suitability classes, may not be appropriate in circumstances of environ-
mental forestry. The provisional land suitability classes may be assessed in a more
direct manner, through aseigning measures of relative need or benefit to suitability
classes. For example, areas where the adverse envirormmental impact of forest removal
are assessed a® 'severe' could be assigned to suitability class S1, areas where such
impact would be progressively less severe to S2 and 353, whilst suitability order W is

appropriate where the need for a protective cover purely for conservation purposes is
slight or nil.

8.4 Mider aspects of matching

Matching in the broader sense of the term is more than the comparison of land use

requirements with land qualities. It may also involve changes to the reguirements or to
the qualities, with the aim of achieving higher land suitability.
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Changes to the land use requirements call for modifications to the land utilization
type. This is illustrated in the Fotes to Table 8.3. The land utilization type being
considered is one based on fully mechanized harvesting methods. Land unit No.3, however,
has sloping and dissected terrain, making it marginally suitable for this use, despite
the moderately suitable conditions for tree growth and consideration. If, however, the
land utilization type were to be modified, to one using partly mechanized harvesting
methods, then the factor ratings for harvesting conditions would become different. This,
in turn, might upgrade to suitability rating for this land unit to 82, in which case
the overall land suitability would become 32,

The other means of achieving a beiter match is to change the land qualities, by
means of land improvements. In the example in Table 8.3 there is no opportunity for this,
since terrain conditions cannot be changed. Suppose, however, that for another land unit
poor drainage was the limiting factor, it might be possible to ameliorate this by a local
drainage scheme. (iven that this were properly maintained, this would improve the cquality
of soil drainage, which could lead to an upgrading of conditions for both growth and
management.

In evalunations for agriculture, land improvements are treated in a separate manner,
on the grounds that they require initial capital investment well above the recurrent
costs of crop production. In forestry evaluations two courses of action are possible.
Since forestry is, in any case, dependent on substantial initial investment, the measures
necessary for land improvements (e.g. terracing, drainage) can be incorporated in the
description of the land utilization $type.  Alternatively, the land improvements can be
treated as a separate input, affecting the land qualities. The former course is
appropriate whenever the improvements are considered to be an integral and necessary con-
dition for the practice of the land utilization type, the latter when there ie the option
of making or not making the land improvements.

The breakdown of land use requirements into those for tree growth, management
operations, and conservation requirements facilitates this two-way matching process. On
finding that two of the sets of conditions are more favourable than the third, the
evaluator should look for ways of modifying either the land use or the land qualities
affecting the least less favourable set of requirements. This could be by changes to the
land utilization type, by land improvements, or both. Matching in this broader sense is
one of the most powerful techniques in land evaluation, leading to the construction of
land utilization types best suited to each land unit in the area.

8.5 Provisional land suitability classification

The outcome of the combination of factor ratings is a set of provisional land suit-
ability classes. These can be summarized in three ways:

i. Tables for each land utiligation type, showing the suitability
ratings and provisional suitability classes for each of the
land units, e.g. Table 8.4{a).

ii. Tables for each land unit, showing the suitability ratings
and provisional suitability subclasses for each of the land
utilization types, e.g. Table 8.4(b).

iii. A combined table of land utilization iypes compared with land
units, similar to that in Pigure 2.3 ( p.20).

These provisional suitability classes form the basis for further comparison in terms of
environmental impact, economic and social anmlysis.
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Table 8.4 FExample of tables for summarizing results
of provisional land suwitability claseification

(8) By land utilization types

Land utilization type: fuelwood plantations, mechanized harvesiing

Requirements Land Unit WNo.
for 1 2 3 4 etc,
Growth a2 82 &2 8l
Management al sl 83 sl
Conservation 8l n 82 g8l
Provisional land
suitability S2m N2eg S3q 51 t

¢b) By land units

Land uni+t:

3 Jalala Hills

Requirements Land ntilization type
e A B c D etc.
Growth B2 B2 8l n
Management 83 82 B2 82
Coneervation B2 82 B2 82
Provisional land
suitability Siq S2me | B2e Nem
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CHAFTER 9

ENVIRONMENTAL IMPACT

9,1 Puarther stages in comparison of land use with land

The process of matching, leading to a provisioral land suitability classification,
is only the first stage in comparison of land use with land. It is followed by analysis
of the consequences of alternaiive land use systems (combinations of land wiilization
type with land unit) in three ways: +the expected environmental impact, economic analysis,
and analysis of the expected social conseguences of each alternative change in land use
or management.

These further stages in analysis are confined to land use systems classified as
Suitable in the provisional assessment. Systems provisionally classed as Not Suitable
need not be further considered. If it appears that the demands for some of the land
utilization types can be met from land units for which they are assessed as Highly or
Moderately Suitable, 31 or 52, then further gnalysis may be of these only.

9.2 Hole of envirommental impact analysis

Consideration of environmental impact, or the probable consequences of land use
change for the enviromment, should permeate the matching process and,indeed, the evalu—
tion as a whole. Conservation requirements will already have been taken into account
in determining the provisional land suitability classes, in production as well as in
conservation forestry. Its further consideration at this stage is recommended to
obtain an overall view of environmental impact and to ensure that no significant
aspects, including off-site effects, have been overlooked.

As compared with other kinds of land use, a distinctive feature of forestry is
that it may have favourable as well a5 adverse effects upon environmental conditions,
This can be a powerful argument for retaining some areas under forest which might have
yielded higher short-term returns under agriculture. The same reasoning can apply to
afforestation of marginal or degraded lands, perhaps as part of a watershed management
programme. Therefore environmental analysis of the effects of forest land use should
include consideration of:

— the benefits resulting from retention of the present forest
cover, as compared with consequences of its conversion to
non-forest uses;

- the benefits resulting from afforestation of presently non-
forested lands;

- possible beneficial and adverse environmental consequences
of proposed changes in forest use or management, and what
management measures can he taken to minimize the adverse
effects.

In the case of production forestry, the impact needs to be analyzed separately for
the periods of establishment, growth snd harvest, with particular attention to the cen-
gequences of forest road comstruction and the use of heavy machinery.
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9.3 Types of impact

The main types of impact to be considered are:

i. Seil erosion Sheet, gully or wind erosion, its magnitude
TEénerally as predicted soil loss, t/ha/year), and effects
of long~term scil productivity, for natural or planted
vegetation.

ii. Sedimentation On and off-site effects of increased sediment
load in streams; including possible effects on chamnnel
stability, aquatic 1life and fisheries, siltation of reservoirs,
quality of water supplies.

iii. Water flow regime Increased storm runoff and/or reduced
baseflow, with consequences on water Supplies for domestic
industrial or irrigation purposes and on flooding and navi-
gation. Lowered gquality of domestic water supply.

iv. Microclimate Deforestation may increase soil temperatures
and lower humidity near the ground surface, with conseguent
effects on soil moisture, regeneration or resistance toc wind
erosion.

v. Vegetation Some forests may not regenerate after clear-cutting.
Selective removal of desired species will result in relative
increase in undesired species unless proper management measures
are taken. Loss of genetic resources. Fire hazard from plantations.

vi, Wildlife Effects both of forest harvest methods and forest
clearance upon existence and abundance of animal species. Effects
of forest management practices on ecological niches of animal and
bird species. Reduction in species diversity. Loss from the area,
or extinction, of rare species. Disturbances to the natural
balance between predators, herbivores and vegetation.

vii, Fisheries Effects of reduced light penetration and other effects
of sediment on agquatic 1life, including fish spawning and nursery
areas and on subsistence and commercial fisheries.

With respect to each of these kinds of impact, the envirormental effects of land
uge change can be either favourable or adverse. For example, establishment of foresi
plantations on marginal agricultural lands with degraded soils may lead 1o & build-up
of humus and restoration of fertility. In most cases the envirommental effectm of
forest land use are favourable as compared with non-forest uses, although there will
be exceptions.

The principle of comparison between alternative land uses is important in this
context. The environmental impact of non-forest land use (whether contimiing from
the present or as changes from forest use) should be assessed alongside, and on the
same basis a8, the impact of forestiry.
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9.4 Treatment in land evaluatiocn

A possible framework for consideration of environmental impact is provided by con-
gideration of the interaction between the natural ecosystem and the human communities,
(Singh and Nilsson, 1974). At any time the ecosystem and the community are each in a
given state, and there are interactions between them. (Figure 9.1(a)). Over any period
of time there will be changes both to the ecosystem and the community, some of those
changes being consequential upen the continuing interaction. At the present T{ime, owing
to rising population and limited resources, the normal changes are in the direction of
depletion of the area of the forest ecosystem and an increase in the demands upon it
from the community.

Figure 9.1 Interactions between the natural ecosystem and the
human community. (Adapted from Singh ard Nilsson, 1974)

{(a) Change with time under present land use

Present atate TIME Future state
ECO3YSTEM AF ECOSYSTEM

State IE State 2E
CCMMUNITY ' , ANl COMMUNITY ./
State IH ' State 2B

E = change in ecomymtiem

H

.change in community

(b) Effects of future land ume sltermatives

Change in land ume

DB _
_-""E
ECOSYSTEM I T ECOSYSTEM
State IE ‘ S State 2E,
B~ e 2EA or 2EB
COMMUNTTY AH . COMMUNITY

State IH - ‘ State ZH
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Figure 9.1(b) illustrates diagrammatically the effects of possible decisions on
land use or management called A and B. In the case of unaltered land use, the change
in the ecosystem is AE. The alternative kinde of land use will affect this change,
first abruptly, during the actual process of alteration (e.g. afforestation or defores-
tation) and subsequently in a gradual manner. The different effects of land uses A and
B are represented by &Fa and AFb. These lead in turn to three alternative future
states of the ecosystem, 2E with no alteration in land use, or 2EA or 2EB. The corres-—
ponding interactions with the human community will also be affected, e.g. as greater
or reduced fulfilment of needs.

This approach can be applied to assessment of the envirommental effects of alter—
native changes in land use (Table 9.1). The substems, components and state variables
of the ecosystem are listed. Their current status is recorded, either qualitatively
or, where data is available, in guantative terme (e.g. runoff, seil loss, number of
rhinocercuses). The expected changes in the ecosystem state are then assessed for
various alternative forms of land use. This again can be on & guantitative basis where
reliable estimates can be made. More often they will need to be assessed in relative
terms, e.g. on a scale of +3 through O (no change) to -3.

In circumstances where both conservation and other aims of forestry are hoth
important components of the objectives, the environmental impact can be recorded as a
separate land suitability rating, independently presented in the results. This allows
for decisione to be taken in the light of value judgements as to the relative importance
of production and conservation objectives.

Table 9.1 Format for description of envirommental impact of land use changes

Subsystens, ) : SIS I Predicted effects of

components changes in land utili-

and stated Current zation type

TS status TOT & LUT B TUT C
I Abiotic

B (esg} .

Microclimate ¢ ' +1 ‘ 0

Runoff ix] 0 | +1 =3

S0il erosion -1 : +2 ~2

etc. etc.

s

II Biotic
Tree cover

Genetic reserve g5

Animal species \

l etCe

e m

{x] and [y are matrices describing the current state of abiotic
and biotic variables '



Detailed discussion of techniques for watershed management and conservation is given
in FAQ Conservation Guides 1-4 (FAO 1976b, 1976c, 1977b, 1978b) and FAO Soils Bulletin 44
(Gil, 1979). Guidelines for assessment of the environmental impact of foresiry in
developing countries are given in FAQ Conservation Guide 7 (Zimmermann, 1982}, to which
reference should be made for a range of techniques which may be applied as appropriate in
land evaluation surveys. Particular attention is directed towards the following check-
lists and summaries (page references are to Zimmermann, 1982):

— Checklist for preliminary assessment of enviromnmental impact (pages 31-34)

— Summary of potential impacts of forestry activities, with emphasis on the
tropics and subtropics (pages 35-41)

— Checklist of potential environmental impacts of individual forestry
activities (logging, roads, etc.) (pages 43-48)

- Suggested definitions of "major impact' (pages 49-51)

— Poesible means for mitigation of selected types of environmental impact

( pages 53-60)

~ Operational guidelines for environmental protection — review of
publications and statement of furiher needs {pages 61-63).
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CEAPTER 10

BECOROMIC AND SOCIAL ANALYSIS

10.1 The role of economic and social snalysi# im land evaluation

10.1.1 General

Without conesideration of eccnomic amd social aspecte there could be no land
evaluation. Forest land use has the function of bringing benefits to people. It
provides direct benefits, such as outputs of wood products, other forest products,
grazing use, water, etc., and intangible benefits such as biologioal congervation
and recreation. Forest lands also play a part in community social life, in paiternms
of work and leisurs. FEconomic and social aspects clearly have a considerable
influence mpon the types of land use and mensgement that are most suited to an area.

Many aspects of policy, ®conomics and social conditiona, however, form part of
the wider process of land use plamning and land developmenti. Land evaluation makes
a Bubzisntisl eontrilmtion te this widerprocess btut is by no means synonymous with it.
The central function of land evaluation is to ammess the potential of land: where is
the best place for a particular kind of land wse, and what is the best unse for a
certain area of land. Both thess kinds of comparimmrequire economic and mocial
information, as well &5 data from the physical environment and from foresiry, to be
answered.

Feonemic anmlysim is mecessary in order to assess the relative effects of physical
limitations. This can be illustrated by a simplified example. Suppose the objective
is to establish 200 hectares of fuelwood plantation. The basic surveys show that
available land consists of 100 hectares of gently sloping and well drained land, 100
of steep rocky land and 100 of swampy land. Omte which of the two poorer sites sheuld
the plantation be extended? There is no way of mnswering this questior by referemce
to purely physical surveys, however detailed eteep lamd is neither inherently 'better'
nor 'worse' than swampy land. If it is assumedin thie sxample that potemtial rates of
tree growth are similar on the steep land and on the swampy land, if it is drained,
then the questien ¢f which land is better muited feor the plamtation is answered by com-
paring the added establishment and mzintenance costz of the steep land with the comis
of censtructien and meintenance of draimage werks im the swampy land. The smswer is
specific te the particular land utilizetion type considered; for sxample, whether
fellimg and extraction is to be by mechanized or msmal methods.

In the abeove exsmple the differsnt physiecsl characteristioe of the twe land umit=
were zssumed ts influence preduction comtm. If the difference batween sites if ome of
yielde, e.g. timber growth rates, them the mure productive land may be assumed mere
suitable, tut even then only if there is ne difference in locatiom, or social factors
such az exieting local use for grazing. It ies ome of the basic principles of land
evalueation that it requires a cemparison bstween bemefits obtained and impuis needed
en different types ¢f land. Such cemparisoms meed to bs translated imto economic terms,
by me means &8 the mele criterion for decielon-making but &% one important element.

Foonomic and mociel amalysim cam fake place at two levels, generalized and detailed.
Some avaluations are desigmed to provide broad plumning guidelines, withont leading
directly to investment decisions. In such ceses the effects of possible land use
changes may be considered at a generalized level. Consideration should be given to
pessible comfequences fer labour, tramspsrt, population movements or settlement, sub-
sistemce requirements, land temure, amd the interests of minoriiy greups. Some economic
analysis may be carried out in a eimplified form to ensure that the kinds of use being
classified as suitable are financially viable. At the gemeralized level, economic and
social analysis are closely related, and may be carried out aa & simgle operatien.
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The pomition is different where evaluation is interded to lead te investiment
decisions, In thie caee, economic analysis is carried sut at a considersbly more
detailed leve, in term= of costs of inputs and predicted outpuis {rem different types
of lamd, Without such analysiz there iz no way of comparimg the relative effects of
different kinds of phyrical linitations — slops, infertile soils, drought, etec. Secial
investigatiens are alsc more detailed, mince the livelihood of people im at stake. At
this more detailed level, economic and smsecial studies will form distinet if inter-
related components, usually conducted by different mpecialiemts.

10.1.2 The two-stage and parellel gpp;oaches

There are iwoe way® of relating the econcmic compenent to the physical aspectis
of land evaluatiom. In the two-stage epproach, qualitative anslymis in physical terms
is carried sut, first, with econemic and asecial consideratiens present 25 & background,
leading to & qualitative or quantitetive physical land muitability classificatiom. This
is then followed by econemic emd social analysis, comfimed to the more promising sites,
as indicated en physical grounde, leading to an ccemomic suitability clasmificatien.

In the parallel approach, econcaic and mooial aralysis preceeds conmcurremtly with
physical studies with ongeing imterchange of informatien, leadimg directly te an
economic classificatien. Econemic criteria are employed to guide arsessment of suit~
abilities in physical terms. This approach calls for close cooperation between thosme
responsible for physicel and for ecenomic sspects ef the evalumtlon.

The perallel approach has the potemtial to lead more directly to the emd result
with less survey effert, and is thus in theory the more efficiant. It may be considered
whea the evaluatiom is intended to lead directly to investment smd when the team con—
ducting it is well experienced. In prectice, it i® difficult to achieve the high level
of integratiom between disciplines requirsd. Most surveys fellew the two-stage approach,

which is therefore assumed for the remainder of this chapter, except where stherwisme
stated.

10.1.3 Role of ecomsmic and mecial imformation im evaluaticn procedures

Figure 10.1 irdicates the main stages at which ecenomic and social infermation is
incorporated into lamd svaluation procedures., These are a® follows:

i. At the etart of the evalnation, in determination of the obisctives

B )

and comstrainis and in the initial identification ¢f land wtilisation
types.

ii. Durirg the progressive rofinement of land uiilization types.

iii. The main social and economic enalymis takes plzce a= vart of
the comparison of land use with land, following provisionsl
suitability claseificatiom based en physicel criteria.

iv, Statements of the econcmic and mocial coucequences of land
use alternatives form part of the results.

The abeve mequence applies to the two-siage spproach to avaluation. In the perallel
approach ecomezice are more contirmously involved in precedurss, includirg during the
initial matchimg process,
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Pigure 10.1 Role of economic and social analysisin
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10.2 Econcmic analysis
10.2.1 Objectives

The purpose of economic analysis in land evaluation iB to compare the performance
of land utilization types on the different kinds of land which have been provisionally
aspessed a8 suitable. To make thie comparison requires conversion of the inputs and out-
puts into costs and benefits, and the calculation of one or more measures of economic
value. This analysis can be carried out on a financial and/or economic basis. The
objectivesn are:

i. To compare the effects of land units with different qualities
upon the economic performance of each speeified kind of land use,

ii. To compare the economic performance of different kinds of land use
on each type of land present in the survey area.

The econcmics of land evaluaiion should not be confused with project cost:benefit
analysis. In land evaluation, economic analyesie ie applied to individunal combinations
of land utilization type with land unit. The resulis provide considerable source
material for project anzlyesis, particularly in supplying the management specifications,
and thue the need for inmputs of labour, materials and capital, for each combination of
land uee with land. By giving ranges of error, e.g. for ammal rainfall, or predicted
forest yields, they can also supply limits for sensitivity analysis basSed on this source
of uncertainty. In project analysis, the resulis of economic land evaluation are
aggrogated, and are then subject to analysie in various other terms which lie beyond the
scope of land evaluation.

An immediate problem that arises is that the results of economic analysis of the
pame set of physical conditions can vary substantially. Among the main sourcee of such
variation are changes with time between the relative prices of inmputas and outputs; the
manner in which intangible costa and benefits are taken into account; whether multiplier
effects are to be considered; whether the analysis is carried out in financial or
economic terms; and the percentage rate assumed for discounting.

Feonemic techniques applied to land evaluation cammot escape these causes of
variation, with the result that the same physical limitatlons, for example, poor drainage,
may have substantially different economic consequences according to the underlying
assunptions, The position is more intractable for cases of forestry than for asgriculture
For agricultural production of anrmal cropa, a solution is to adopt groes margin analyeis
as the basis for economic land evaluation, giving comparative data independent of the
discount rate. The highly uneven flow of costs and benefits in forestry, with its high
early establishment costs and the greater part of the reverme at the time of future
harvest, makes this solution unavailable.

The recommendsad procedure is to take a single pet of econonic assumptions as a
basie in the first instance, and to carry out analysis of all land utilization type/land
unit combinations on that bagie. These assumptions must be clearly stated when present-
ing the results of the evaluation, since not only are the absolute measuree of economic
value dependent on the asawmptions, but, in some cases, aleo the relative economic
offects of different land qualities will be altered. At a later stage, the economic
land evaluation may be recalomlated on a different met of assumptions, partioularly if

thia ie necessary to accord with the assumptions adopted in the corresponding project
evalustion.

For further discussion of the assumptions underlying economic anmalyasis of forestry
projecte and detaila of techniques, reference may be made 1o Gregersen and Contreras
(1979). Case studies with examples of calculations are given in FAO {1979), and tech-
niquee for econcmic analysis of commmity foresiry in Shaikh gn.d.). Problems arising
in the economic aspecte of conservation are discusaed in Fa0 (1981b).
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10.2.2 Data reguirements for economic analysis

Data collection for economic eanalyeie proceeds concurrently with natural resource
gurveys. If the land evaluation is beling conducted as part of a wider atudy, e.g. for
project feasibility, then part of the basjic economic data is common to the project as
a whole. This common data includes markets and prices for products, and availability
and costs of inputs of materials and labour.

The specific economic data requirements for land evaluation are the effects of
variations in land qualities upon both inpute ( quantities and costs) and outputs
(quantities and revenue). The data can be obtained either for the effects of indivual
land qualities or, in scme cases, directly for land units.

For the case of outputs, relatively accurate data may besevailable in two
circumstances:

i. For wood production from natural forests, where
output data are based on foreast inventory.

ii. Where mite index values, or other comparable yield
eatimates are available for land units.

Information on reletive coais of input® may be harder t¢ obtain. For example,
it i8 oertain that roading and harvesting costs will be substantially higher on
steeply eloping land, but specific data may be diffioult to find. The means for trans-—
lating effects of land gualities into input costs lies in the destailed management speci-~
fications for land utilization types. Theme must be expressed in terms permitting con-
version into costs, o.g. as hours of labour and of use for machinery, quantities of
geedlings, fertilizers, pesticides, eto. Examples of the effects of terrain on uee
of logging machinery are given by Berg (1981). For a basia for assessment of logging
costs, see FAD (1978a).

Unless reliable deta on the effeocts of land qualities upon coests and benefite can
be obtsined, detailed economic analysis of land use aystems should not be attempted,
a8 the results would give a miesleading impression of acouracy.

10.2.3 Caloulation of land suitability in economic terme

The sequence of steps for calculating land suitability in economic terms for a
single land nee aystem - combination of land utilization type with land unit - is as
followa:

4. Decide on the set of economic asgumptions 10 he used ase
the basis for calculation; these include financial or
economic baBis, costs and prices to be used, discount rate,
and whioh measures of valune are to be employed for comparison.

ii. Select the land use system to be analyzed. If there is land
classed as 51, Highly Suitable, for the land utilization type
under consideration, thie may he taken as a standard for com—
parison.

iii. For the selected land use system, estimate the quantities amd
costs of inputs, capital and recurrent, and their dietribution
in time; and similarly for the quantities and value of outputs
or benefits.

iv. Obtain the chosen messurea of economic value for the land use
asystem.
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The next stage is to repeat these calculations, on an identioal basis, for the
same land utilization type on other types of land. Yor this purpose, the original land
units are aggregated into land suitability subclassee, or where distingmished, land
suitability wmits.

Where subclasses are the lowest category employed, calculation is carried out for
each suitability class and subclass represented in the provisional classification, e.g.
for m, S$3m, S2q, Siq, Simgq, etc., Land already classed as N2 is not analyzed. The
sequence of steps at this stage is as follows:

v. For the selected suitability subclass (or suitability unit)
abstract and summsarize the land qualities which may affect
inputes or ocutputs.

vi. Determine the effects of those qualities upon inputs, outputs,
or both, in quantitative physical terms and in economie terms,

vii. Repsat the calculation for the chosen measures of eoonomic
value for the land nse eystenm.

The procedure is illusirated by a simplified example in Table 10.1. The example
taken is that of a moftwood plantation, thinned after ten years and harvested at twenty
years, Costa have been generaligzed into those of injitial land preparation, forest
establishment, maintenance, and harvesting. Table 10.1(a) shows the data for S1 land.
For the assumed discount rate of 5 percent there ie a net present value of 783 curremoy
units and a benefit:cost ratio of 1.24. ’

Three examples of land with lower suitability are considered, with the resulis
summarized in Table 10.1(b).

Siw__Foor drainage The land in its present condition is too poerly drained for
satigfactory tree growth. Thie limitation can be met by a land improvement, the con-
struction and maintenance of a set of drainage works. FEatimated costs are 500 ocurrency
units for initial construction and 20 unite per year for maintenance, raising total
maintensnce coste from 10C to 120 units per year.

S3g Adverse conditions for mechanization Sloping and dissected terrain causes
maintensnce costs (e.g. of forest Toads) to rise by 50 units per year, and doubles
harvesting coste., Yield is assumed to be unaffected.

S3r FPoor rooting conditions Shallow moila are estimated to reduce rates of tree
growth by 0.75 (for eimplicity, harvesting of a lower volume tmt at the mame date is
assumed). FHarvesting costs are reduced slightly lees than proportiomately, by 0.8.

The results of analysis at the 5 percent discount rate are shown in Table 10.1(b).
The effects of poor drainage and those of shallow soils, the former affecting inputs
and the latter outputs, are very similar, both reducing the net present value to close
t¢ zero. The area with sloping terrain ip substantially less favourable on the basis
of these econcmic assmmpiions.
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10.1 Effects of land limitations on economic analysie 9f a
forest plantation. A1l values are in currency units

{a) Calculation for S1, Highly suitable, land

¥ & o » B

Total costs
Het benefits

0 X -2 I . S 11-19 20 NI at

| BEvEFITS

Thimning & 0 0 0 0 1 700 O 8 000 4 060

harvest

COSIS

Land pre- 500 0 o 0 0] o Q

paration

Establishment 400 200 100 0 0 0 0

Maintenance 100 100 100 100 p.a. 100 100 p.a. 100

Harvesting 0 0 0 0 300 0 1 500

1 000 300 200 100 p.a. 400 100 p.a.. 1600 3277
1000 (300) (200) (100)p.a. 1 300 (100)p.a. 6 400 783

Benefit: cost ratio = 1.24

(b) Other land suitability subclasses

Suitability Land " Effect onm At He discount
subclass limitation costs, benefits _ NPV B:C
s1 None = 783 1.24
53w, Foor drainage Land preparation + 500 34 1.01
Maintenance + 20 p.a.
S3q Adverse con— Harvesting x 2.0 =406 0.91
ditions for Mzintenance + 50 p.a.
mechanization
S3r Beple EeSeiug Yields x 0.75 -44 0.99

conditions Harvesting x 0.8




._99_

The relative effects of different land qualities may be altered under changed
sconomic assumptions. In the example above, the results of a ten percent discount rate
are:

Suitability subclase Pl B:C ratic
81 -607 0.76
S3w -1 277 0.59
S3q -1 165 0.61
S3r 987 0.58

The relative disadvantage of the sloping terrain as compared with poor drainage
and shallow soils has virtually disappeared, all three types of land giving closely
gimilar measures of economic valve. This illustrates an inherent diffioculty of
asgessing land suitability in economic terms.

10.2.4 Feconomic land sultability classification

An economic land suitability classification is one in which the boundaries
between suitability classes are defined in economic terme. There is no standard
method for defining cless limits, other than the requirement that the S3/W1 limit
should lie at the lower limit of positive economic return. One possible procedure
(derived from that of the U.S. Bureau of Reclamation for Irrigation Investigations)
is as follownm:

i. Por a given land utilizatiom type, take the best possible
land qualities present in the area, and calculate the
economio return. This forms an upper limit. Suppose thisa
10 be, as in the example in Table 10.1, a net present value
of 780 ourrency urnite.

ii. The range between the beat economic returnm and zerc return
ig divided into three ecual parts, taken ae the economic
returns corresponding to Sl, 52 snd S3. In the example
oited, these ranges would be S1: 520-780 (or over 520),
52: 260-520, and S3: 0-260. Land yielding a negetive
aconcmic return is classified as W1. Land classed as N2
during the earlier stage of matching is not subjected to
economic analysis and remmins as N2.

In the exampls in the previouas section, if it were decided to take five perosnt
a8 the dimcount rate and present value as the measure for economic suitability classi-
fication, the ceses given would be reclassified as follows:

Provisionsl (gualitative) Net present value under Economic land
land suitubility olamss stated assumptions suitability eclass
a1 783 sl
83w 34 Siw
S3q -406 ¥lq
S3r —44 Nir

Economie suitability classification should be applied only to land use sysiems
aspessed as suitable on envirommental snd social grounds.



-~ 100 -

There are both advantages and disasdvantsges in ueing an scondmic as compared with
a qualitative land suitability clasaification. Invesiment decisions invariably call for
economic analysis of altermatives and the results of land evalvation will not carry
adeguate weight unless such information can be provided. #4n ecomomic euitability clasai-
fication, however, has a relatively short time validity, being rendered obsolets by
changes in relative costs gnd prices, or changes in assumptions on interest rates.

ualitative suitability classifications have a longer time validity, being based
{0 a greater extent on natural potential and limitations of the enviromment. Thia is
particularly valuable in foresiry, where today's decisions will usually have to hold
good in very different economic conditions of 20 years or more ahead. @malitative
classifications aleo allow the variouz aspects of suitability, such as productive cut—
put, fulfilment of local needs, and oonservation, to be more fully integrated in a
subjective mamner.

The applicability of economic land suitability classification to forestry im
limited. Coneiderable problems arise in comparing land utilization typea which have
different time scales for costs and benefits. It may be smployed in production forestry
in cases whore the objectives and adsumptions of the evaluation zre that the proposed
forest land use is sxpected to yield an economic return.

10.3 Social goalysis
10.3.1 Genersl

At all levele of intemsity, analysis is not confined to production-oriented
objectives nor to return on capitsl invested. Changes in land use have consequences
for other national or local objectives, such as employment, redunction in mmbers of
landlemss psople, regional developmeni, or changes in income distribution between
gectors of the community. Consideration of these consequences forms part of the
evaluation process and is incorporated in the suitability classifiocsation.

Forest lands form part of the way of life of local communities., There may be
gathering of fuelwood, frnit or roots, hunting, fishing, grazing of livestock or the
traditional use for shifting cultivation. Forests may also have a role in non-economic
needep, for eramples, religious functions, the social element of nting, or recreationzal
use,

In the past, some foresis have been maintained or developed without relation
to the people living in the area, or even in opposition to their wighes. Some more
recent develcpment studies pay lip service to the need i¢ take mocount of social
effects, but conduct such studies in a superficial manner, without adequate objectives
or proocedures.

The modern approach to the rele of forestry requires that the people and social
aspecte are conwidered ss the essential and as an independent element of leand evaluation,
and not merely as an adjunct or constraint {cf. Becket, 1983). TUnless the people con-
cerned are involved and participate in the inception, evsluation and decisions on land
use, even the best of the land use optionz made purely ¢n {echnical and economic grounds,
are doomed to failure.

Prerequisites for adecuate consideration of social ampects are:

i. Informsation required To decide the kinds of information nesded
to assess social consequences.

ii. Procedures To crganize and comduct the necessary field activities.

Finance To allocate adsquate staff and budget for this purpose.
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10.3.2 Sooial mspects of foregt land use

The mein types of informmation needed to assess the social consequences of changes
in forest land use {including chenges between forest and mon-forest uses) are:

i. Preasent needs and function® What role does the existing forest
land have in supplying the present needs of loocal (including
migratory) communities? Examples are needs for fuelwood, domestic
timber, fruits, roots, medicines, grazing, hunting, fishing,
shifting cultivation, religious or social funotions, burial grounds.

4ii. Future demands What future changes in needs are amticipated?
Examples are increasing demands for fuelwcod, grazing land.

iii. Imetitutional rights What legal or customary rights to the ume gf
forest land exist? What are the possibilities, if any, of changing
thena?

iv. Effects of land use changea How will proposed land use changes
affect thesé_Siesent and Tuture needs and fumctions? Where a losa
is unavoidable, what alternative measures can be taken te provids
for the needs?

v. Acceptability Will the proposed changes be acceptable to, or
adoptabls by, the local communities?

Of the varicus aspecte, the most important will of'ten be the use of land for fuel-
wood collection or grazing. In the past, when forest land was abundant relative teo
population, use for these purposss came as sn apparent bonus, & supply of essential
needs with no inputs other than the labour of collection or herdimg; at ithe mame time,
the natural scological belance was mrintained. With incressing population, this
balance has often been dimturbed - are positive measures for land management necessary?

As an example, consider a situation in which 1t is propomed to incresse forest
produotivity by the establishment of softwood plantations in an area presently under
slow-growing indigenous hardwoods, The natural vegetation has previously supplied loeal
fuelwood needs, although it is now in a degraded condition through over exploitation.
Imposition of the proposed plantations will deprive communities of part of this supply
and increase the pressure on remaining land. Foseible measures to mitigate thie impact
might inolude:

i. Allocation of part of the new plamtation land epecifically
to fuelwood production, with higher productivity through
choice of fast growing species.

ii. Provieion for local oollection of prunings, esarly thinnings,
gawnmill waste.

iii. Comcomitani establislment of en—farm forestry, with provision
of seedlings and extension advice.

iv. Fhased establishment of the plantations, to carry over the
transition period.

In the came where there iz grazing use of forest land it may be possible to
maintain equivalent provision by including appropriate management measures. A =y=tem
of cut—and-carry fodder can be initiated, or by means of fenced forest blccks, con-
trolled grazing can be permitted once treesm are sufficiently mature.
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10.3.3 Methods of social data collection

The procedures for social analysis are less formalized than in moet other components
of land evaluation, requiring greater adaptation to local circumstances. What ie essemtial
is that there mbould be a set of field survey activities directed towards this aim. A
broad outline which may serve as the basis for such activities is as follows:

d. Identification of communities These will include peoples resident in
the study ares, possibly divided into different ethnic or cultural groups;
and cthers with partial dependence on such land, including migratory
peoples.

ii. Unstructured interviews These consist of fres discussion with commmnity
leaders and local people in the idsntified groups, the aim being to
ageoertain in a general way their needs, aspirations and attitudes to
proposed land uee changes.

iii. Structured gquestionnaire Based on the results from Stepii, a
questionnaire im drawn up aimed at assessing the nature, strength
and exrtemt of the various aspects. Some measure of controlled
atratification of these interviews is degirable to avoid biased
sempling.

iv. Annlvais for data The questionnaire results are tabulated and
reviewed, to produce a summary of the present situwation and
attitude to change.

v. Design A8 part of the process of elaboration of land utilization
types, appropriate measuree to take account of social aspects are
incorporated.

vi. Acceptability When the nature, extent and location of po=sible
land use change= have been assessad, e.g. the land provisionally
classified as most suitable for proposed uses is known, these
proposals are explained to the communitiesm affected to test

whether they will be acceptable.

10.3.4 Asmesement of sociel conssguences of land use glternativea

Treatmert of the social consequences of different courses of zetion in land use
and menagewent is necessarily flexible. Some of the data will be in qualitaetive form,
and the consequences of change may be hard to predict except as to direotion or itrend.
Every effort shonld be made, however, to obitain estimates in quantitative form, e.g.
amount of employment provided, mumber of families, displaced, ete.

The criteris for what is a desirsble and what an undesirable social impact are
not all as self-evident as in the case of environmental impact. Such criteria must
be discussed both with the relevant govermment agencies and with the people affected
by land use changes. For example, some govermments may give greater priority to more
equable income distibution, others to greater total income.

A possible approach to assess soclal consBequences ig by means of a table similar
to that illustrated for emvironmmental impact (cf. Table 9.1 p.38). Criteria for
social svaluation are listed, together with their present status. For each alternmative
form of land use, probable effects upon that status are assessed, either quantitatively
(e.2. gain or loss in employment) or on a relative scale of +3 through O (no effect) to
-3, Poesible criteria on which to base euch an asseszment include:
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« total income

= income diptribution {equity)

- amployment/ reduction in unemployment or under—employment
— displacement of existing settlemenmts

- gain or loss of land (to individuals or communities)

=~ loss to the poorest of benefits formerly gained from free use
of forest land (grazing, fuelwood collection, thatohing
materials, etec.)

— affecte op minority or under-privileged groups
- oommunity participation in forestry activities.

Such an evaluation c¢an be integrated into an overall rating of the social-
consequencez of altermative changes in land use or management, again on & relative scale.
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CHAFTER 11

LAND SUITABILITY CLASSIFICATION

11.1 Gemsral

The provisionel land suitability classification, obtained through the matching
procedure, is bafed upen comparison of land use requiremsnts with land qualities in
physical terms. The final stage in comparison of land use with land is %o revime this
classification, taking account of the further etages in comparison: envirommental
impact, economic end social analysis. Thie leads to the fimal land suitability classi-
fication, based on all relevant physical, emvirommental, economic and social aspects.

Provigional sunitabilitiesz can be revised both upwards and downwards on the basis
of the further stages in comparison. A basic criterion is that no land should he
clagsed as Suitable for a given use unless both the envirommental impact and the social
consequences of that use are acceptable. Specific grounds for acceptability or non-
acceptability maybe defined to meet local circumetances. If specified in the assump~
tions of the evaluation, land olassed as Suitable must also show a positive economic
return.

There are no standard procedures for such revision. Two aliernatives are
suggested: successive elimination and relative comparison.

11.2 Suocessive elimination

In the procedure of successive elimination, a land use syatem is relegated to the
suitability order Net Suitable if it fails to meet some defined threshold of accepi-
abllity on any one basis. Such elimination hes, in fact, commenced at the stage of
matching, in that systems provisionally assessed as N2 are not further conmsidered. The
remaining combinationz of land utilization type with land unit are considered in %turm,
on the basis of resulis of envirommental, economic and social analyeis, each of which
has been summarised by a siatement of whether the system reaches an acceptable level.
Dencting acceptability and non-aceeptability by w and X reepectively, some
examples are:

Land use Provisional Acceptability Revised
gsystem land suit- Environ- Beonomic Social land suit-
ability olass mental ability class
1-A oY v’ v o 2
1-D N2 - - - N
2=A 83 X - = N
2=-B s2 v ~ X N

Land use system 1-A (i.e. land utilization type A on land unit 1) is acceptable on
all grounds., System 2-A is lowersd from S3 to N through wmaccepiable enviromnmental
impact, and system 24 is lowered from S3 to N through umnacceptable environmental impact,
and system 2-B, whilet physically, environmentally, and economically attractive, im 1
revised to class N through unacceptable social consequences (e.g. large scale displace—
ment of population).

Where sconomic puitability classification has been carried out, the envirormmental
and social conmequences are first treated on an acceptability basia, The remaining
systems, acceptable on both grounds, are then revised to the economic suitability class.
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11.3 Relative comparison

The procedure of relative comparison is illustrated in Table 1l.1. The resulis of
each of the further stages of comparison are converted to a scale from +3, highly
favourable through 0, no effect, to -3, highly umfavourashble or wnacceptabla. These
are then compared with the provisional land snitability classes. At this stage a
subjective revision is probably the most suitable, coupled with the rule that & single
rating of -3 should lead to an overall assessment of N, Not suitable.

In the hypothetical examples in Tablell.1 land systems 1-A (Land Thmit 1 with
Land THilization Type A) and 1~B have been left unchanged; 1-A has only slight other
consegquences, whilat economic analysis confirms the high suitability of 1-B. 3ystem 1-C
ie raised from 52 to S1 on grounds of its very favourable social consBaquences. The
provisional suitabilities of 2-A and 2-B, however, are revised to Not suitable, the
former on grounds of adverse envirommental impact and the latter from undesirable social
conBequences. Land systems provisionally classified as N, in thie case 1-D and 2-D, are
not assessed further.

Table 11.1 Formet for comparison of envirommental, economic
and social consecquences of alternmative land use symtems

Land Land Land Provisional Relative conseguences Revised
unit  utili~ use land suit— Environ~ Economic Social land suit-
zation system ability class mental ability class
type
1§ A 1-4 82 ~1 +1 +1 s2
B 1-B S1 4] +3 +1 s1
c 1-C 82 +1 +2 +3 S1
i 1-D N2 N2
2 4 2-4 s3 -3 +1 0 N2 :
B 2=-B 52 0 +1 =3 N2
G 2-C 51 =3 0 0 sl
D 2-D S3 0 -1 0 Nl

11.4 Discuesion

The successive elimination procedure is based on a simple 'hurdle' or accept/
reject approach. Its use direots attemtion at clear definition of the consequences +o
be regarded as unacoceptable, gnd provides a clear-cut reject of any land use alter—
natives that fail to meet these standards.

The relative comparison allows environmental, economic and social consequances
%0 be summarized om a more refined relative scale, and allows an overview of the total
consequences of different kinda. This can be helpful in offering a choice for sub-
sequent decision-making; +the comparison in the form of Table 11.1 is presented as
part of the results, allowing decisions on the relative importance of different
objectives to be reviewed in the light of the evaluation.

Whichever procedurs is followed, the results of the svaluation should contain
clesr statements of the grounds om which the final suitability olasses were based.
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11.5 Relation of local changes to the wider context

There is a further aspect in which the suitability recommendations should be
reviewsd, the consequences of land ugse changes in a local ares for the wider region of
which they form a part. Such a review ie an integral part of watershed management
planning, in which interrelationships between land use components form & basic element
of planning. Many other aspects should be considered. For example, if the finding
within the area covered by the evaluation is that substantial areas of forest are
suitable for comversion to agriculfure, what effects would planning on that basis have
on the national positiorn with respect to land use, =upplies of forest products, etc.?
Just &8, at the start of the evaluation, the wider context will have contributed to
the objectives of the evaluation, so its results will have implications in modifying
the balance of land use, production, employment, etc., in that wider area.

It is not suggested that land suitability classes as such should be altered on
the basie of such consideratioms. The review of wider implications ie an adjunct to
the avaluation, to be taken into account in subsequent decisions on land use planning.
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CHAPTER 12

PRESENTATION OF RESULTS

12.1 Ganmeral

The results of a land evaluation should be clearly stated, in a form understandable
by those for whom it ie intended. The purpose of an evaluation is t0 provide informatim
on which to base decisions on land use planning and land management, and the reeults
should be presentsd in & way which will facilitate such use, The main report should
concentrate on a clear sBtatement of the findings; reasone for decisions reached are
given, but much of the detail which underlay the analysie mhould be summarized or placed
¢n record in supplementary reports or appendices.

The principal results from a land evaluation survey are:

i. A statement of recommendations, such as are called for in the
objectives of the survey.

ii., Deecriptions of 1and utilization types Televant to the surveyed
area.

iii. Land suitabilities of each of the mapped land units for each
land utilization type, together with ressons for the asseasment,

iv. Management specificatione for land utilieation types on each
of the land unite for which they are suitable.

v. An estimate of the envirommental impact of each land utilization
type on each land unit; thiz may include reasons why certain
land units have been asseased as not suitable for particular uses
on grounds of adverse envirommental impact.

vi. Predictions of the economic and social consequences of operating
each land utilization type on each land uwnit for which it is
auitable; in more detziled surveys this mey include comparative
ecanonic returns.

vii, In cames where basic resource eurvevas and specialized studjes
(landforme, climate, soils, vegetationm, forest mensurationm, etc.)
were conducted as part of the evaluation, the results from these
eurveys form a further element.

The resulis are presenied in the form of one or more maps, together with a msin
report and possibly also cther derived pmblications.

12.2 Land suitability maps

Land suitability mape are used more than their associated reports and the legends
should be understandable independent of the report. Land suitability maps may be
presented in three ways: :

i. A single map with 2 tabular legend,

ii. A series of smitability maps, one for each kind of land use,
iii. A svmmary map.
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Map with tabular legend One large map is printed at the basic, or largest, scale
of the survey. This map shows boundaries of land units, numbered and named. The legend
shows land suitabilities of these uniis for each of the land utiliszation types. &in
example of the basic form of the legend is given in Table 12.1,

Individual Buitability maps A map is produced for each of the landutilization types,
showing the distributions of different suitability classes and subclasses. The general
form is that shown in Figure 2. 3Ep.20). These maps are unsually on a smwaller scale,
often half that of the basic map (e.g. at 1:50 000 if the basic scale of the survey is
1:25 000)., The visual effect of suitability mape is increased if colour ehading ie used,
with solid oolour for S1 land, less intense shadings for 52 and S3, and with N1 and N2
land left unshaded.

‘Table 12.1 FExample of tabtmlar leégend to a land suitability map

A B c
large-scele softwood Snall-acale Watershed
plantations,mechanized community ’
' a1 A2 fuelwood protebeion
Land unit Aresn Species Species plantations  forest
ha Group I  Group II
1.Sinkedi Hillse 3 200 N2e N2e N2e Sle
steeplands
2,Sinkedi Hills 1 450 B2q Siqt N21 S2c
foothills
3.Juvenis Hatsau 300 51 52t ol ¥R
4.Purnela Plains 2 400 82t s1 51 NR
pediment zone
5.Purnela Plaine 650 N2q N2q 51 NR
‘ hiil remnants .

—

Land suitability subclass symbols: ¢ = need for conservation, e = erosion hazard,
1l = location, q = conditiome for mechanization, t = temperature regime. Species
Groups I and II refer to tree species groups according to their climatic require-
ments.

Summary map In complex surveys covering many land utilization types, it may aid
preBentation to produce a simplified summary map, showing the recommended use for each
land unit. If two or more altsrnatives are both recommended for coneideration in some
area8, both can be shown. However, the aim of the summary map is to show the main
resulte clearly for those who have no time to study the more detailed mapa, B0 simple
and clear cartographic techniques are the priority. Such a map might be called
fForestry develomment potential' or a similar title.
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12.3 The land evaluation report

The report should normally contain three parts, directed at different readers.

i. The summery and recommendations are directed at semior persomnel,
who need to kmow how the results of the evaluation affect
planning and poliey, but do not have time or technical kmowledge
to study its details. It is short and clear, with emphasis on
results and recommendations. Major reasons for recommendations
are included but not in any detail (e.g. 'the Sinkedi Hills are
not recommended for commnity fuelwood plantations becausme of
inacoessibility'). Where appropriate, this section is given in
more then one language.

ii, The main text is directed at a wider readership, particularly
foresters who will be concerned with implementing its recom-
mendatione. Whilst technical in content, it should be possible
t0 obtain the material relevant to forest plaming and management
without too lengthy diversions into matter not necesszary for an
understanding of the resultas.

iii. The appendices are directed at mpecialist readers who need to
know the technical details of methods used. They include basic
data which could be used to amgess the soundness of the recommen—

datione, or to revime the evaluation if neceesary at some future
date.

Depending on their length, these three parts may be produced as separate
volumes or as parts of a single report. A specimen outline of contents is given
in Table 12.2.

In addition, it may help to gain acceptance of the results if one or more
derived publications are produced. These could include either or both the following:

i. Summary report This is a well produced, shortened version of the main
report, intended for ciroulation among policy-makers and planners. DBesides the
summary and recommendations it contains a considerably shortened versicn of the main
text, illustrated by summary tables and simplified mapa.

ii. Management or Ertension Recommendations This sets out those findings of the
evaluation which relate to practical aspects of forest management or extenzion. It
conoentrates on how the different land units call for variations in methods of forest
management. An example might be 'A guide to forest management in Abuna Province'.
It is written in terms appropriate to this readership, where necessary in a looal
language.
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Table 12.2 Specimen outline of contents for a land evaluation report

Preface

Summary of results and recommendations

1., Objectives of the Burvey
Needs, problemes, policy, etc.

2, Background of the area
Physical enviromment
Human enviromment

3. Methods of survey and specialized studies
4, land utilization types

Ceneral account, including summary tebles
Descriptione of each type:

LUI‘ A LR
17T B ...,
LUP C [ERRE ] atc.

5. Land use requirements
Land use requirements, selection
Land qualities and diagnostic factors
Methods of factor rating
Summary of factor ratings for land utilization types (tables)

6. Land units
General account, including summary tables
Summary of measurements of forest volume, growth and yield
Descriptions of each lend unit:

Lo 1| .
mwmw 2 ....
Lu 3 ...y ete.
Land qualities and characteristics of land units (tables)

T. Matching land use with lend
Matching procedures and results
Provisional land suitability classification

8. Environmental impact
Methods of asmessment
Summary of impacte
Implications for land suwitability

9:; Economic and sooial snalvsis
Economio analysis of Iand use systiems
Sooial impact of proposed land use changee
(In evaluations employing economic suitability claseification,
economic analysis and social impact will form separate chaptera)

10. Land suitability

Results of the suitability classification
Recommended land use systeme (including altermatives)
Management specifications (or as appendir)

FEatimeted outputs: products and other benefits

Appendices (in a large survey as a separate volume)
e.g. Agroclimpatic deta and analyeis
Landform and soils data and analysis
Specialized studies of forest resources
Detailed managemesnt specifications for LUl's on LUs

Gloses Supplementary tables
References
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12.4 Using the results

12.4.1 Land use planning

On completion of a land evaluation survey, the results will have contributed to
meeting a apecific set of objectiver in forest plaming and development. These range
from the retting of policy guidelines or priorities, through propoged changes hetween
forest and non-forest uses of land, to improvements in forest management. The evaluation
mukes 2 major comtribution to these objectives, bult does not alone constitute a plan for
forest development or management. Unlesa the results are put to use, the effort put into
the survey will have been wasted.

These present guidelinmes sre not intended as a manual on land use planning, develop—
ment or manpggement, Practical eteps of this nature require substantial further studies,
either subeecquent to the evaluation or within the wider survey of which it forme an
integral part. There is, however, a responsibility for the organization conducting a
lend evaluation survey to make every effort to ensure that the results are put to ume,
in policy formulation or prectical foresiry development.

12.4.2 Fonitoring

Land development iz not a once only activity of survey and plamning but an ongoing
process. Thie applies to all kinde of land use development, but is particularly relevant
to forestry owing to its long-term nature. This situation calls for monitoring of the
land use changes; with periedic modificationa. Over the time scale of forest growth
there will be variations in costs and prices, or unforeseen changes in demand. Some of
the original predictions may prove inaccurate; a feedback of information can lead to
better forest land evaluation in the fuiure. The envirormental impact needs 40 he con-
timously monitored, both in a general way and by specific surveys of sediment yielde,
speciee abundance, etc. Finally, there will be changes in policy, eepecially as a
result of new demands upon land. All such ohanges o0all far re-evaluation of the land
regouroes, leading to modifications to the earlier plans for development.
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GLOSSARY

Note: Most of the terms are based on the "Framework for land evaluation" {F40, 1976),
in some cases modified. The definitions of factor rating and land suitability rating,
terms not employed in the "Framework", are taken from FAO (1983a). The following
definitions are based on Ford-Robertson {1971): forest, foreat land, multiple-use
forestry, site, site class, gite index, site quality.

cf. - compare

g.v. = see term eleewhere in this Glossary.

AGROFORESTHY : a collective term for systems of land use in which woody
perennials (trees and shrubs) are intentionally maintained
in association with crops a.nd/or livestock; in agroforestry
gystems there is hoth an ecological and an economic inter-
action hetween the tree and nen—ires components.

BENEFIT: COST RATIO: +the present valus of benefiis divided by the present
value of costs,

COMPOUND LAND UTILIZATION TYPE: a land utilization type consisting of more
than one kind of use or purposs, either undertaken in regular
succession on the mame land, or simultaneously undertaken on
geparate areas of land, which for purposes of evaluation are
treated as & smingle unit {cf. multiple land utiligation type).

CONDITIONALLY SUITABLE: & phase of the land suitability order Suitable,
employed in circumstances where small areas of land within
the survey are unsuitable or poorly suitable for & particular
use under the management specified for that n=e, but suitable
given that certain other land improvements or management
practices are employed.

'CONSERVATION REQUIREMENTS: +the land use requirements (q.v.) largely or
entirely related to oonsBervation and sustained use (q.v.).

CRITICAL VALUE: a value of a diagnostic factor {q.v.) which forms the
boundary beiween classes of land suitability rating {(q.v.).

DIAGNOSTIC FACTOR: a wvariable, which may be a land quality, a land charac-
teristic, or a function of several lamd charsoteristics,
that has an understood influence on the output from, or the
required inputs to, a specified kind of land use, and which
gerves as a basis for assassing the suitability of a given
type of land for that use. diagnomtic factor
there will be a critical va.lue (q vri' or set of critical
values which are used to define limits of classes of factor

ratings (q.v.).

ECONCMIC LAND SUITABILITY CLASSIFICATION: a land sultability classificstion
in which the boundaries between classes are expressed, at
least in part, in economic terms.
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a set of critioal values (q.v.) which indicate how well
& land use requirement is satiafied by a particular con-
dition of the corresponding land quality. (Note: suit-
ability rating refers to the land use requirement; when
this reting is combined with the value of a land quality
possessed by & given land unit, it becomes & land suit-
ability rating, q.v.).

FOREST (1) (Ecology): an ecosystem characterized by a more or less dense and

extensive tree cover; more particularly, a2 plant commumity
consiating predominantly of trees and other woody vegetation,
growing more or less closely together, normally with at
least 10 percent crown cover by trees.

(2) (Silviculture/management): an area managed for the production of

(3) (Law)

timber end other forest products a.nd/or maintained under
woody vegetation for indirect benefite such as protection
of catchment areas or recreation.

an area of land proclaimed to be forest under a forest
act or ordinance.

FOREST LAND: (1)(Silviculture/management): land carrying forest (q.v.) or, if

lacking, bearing evidence of former foreet and not mow in
other use.

(2) (Law): land that has been legally designated as forest land.

FOREST LAND UTILIZATION TYPE: a land utilization type (q.v.) based on forest

FOREST PLANTATION :

‘GROWT'H REQUIREMENT S:

INPUTS

L

(q.v.).

forest stands established artificially by afforestation,
on land which previously did not carry forest, or on
land which carried forest within the past 50 years, or
within living memory and involving the replacement of
the previous crop by a new and essentially different crop

(I'an]-Jr! 1982, page 15)-

the land use requirements (q.v.) specifically related to
the growth of trees and shrubs.

the material inputs (e.g. seed, fertilizers, fuel, chemical
spra.ys) and other inputs (a.g. labour houras applied to the
use of land (of. outputa).

an ares of the aarth's surface, the characteristics of
which embrace all reasonably stable, or predictably coyclie,
attributes of the bioaphere vertically above and below thie
area, including those of the atmosphere, the soil and under—
lying ecology, the hydrology, the plant and animal popula-
tions and the results of pest and present human activity,

to the extent that theme attributes exert a significant
influence on present and fuiure uses of the land by man.

LAND CAPABILITY CLASSIFICATION: a system for olassifying land which is based

on ite capaoity to support agriculture, grazing, forestry
or reoreatioml/oonserva.tion uee. The system is conoerned
with the fitnasa of land to support land use, rather than
with productivity, and places emphaesis on the risk of soil
srosion. .



LARD

CHARACTERISTIC 3

CLASSIFICATION

i

EVALUATION %

FACET

IMPROVEMENT H

MAPPING WNIT-

QUALITY

(1%

SUITABILITY

SUITABILITY CATEGORY:

= BT

an attribute of land that can be measured or
estimated and which can be employed as a means
of describing land qualities or distinguishing
between land units of differing suitabilities
for use,

a means smployed here to refer to systems of
grouping land (q.v.) on the basis of its physical
characteristics (including vegetation) without
explicit assesmment of suitability for kinds of
land use. (Not a technical term in land
avaluation),

the process of assessment of land performance
vwhen used for specified purpoces, involving the
execution and interpretation of surveys and
studies of landforme, soils, vegetation, climate
and other aspects of land in order to identify
and mgke a comparison of promiming kinds of land
use in {erms applicable to the objectives of the
evaluation.

a land unit (q.v.) with climate, landforms, soils

and vegetation charncteristices which for most

practical purposes may be considered as uniform. |
A subdivision of a land system (q.v.).

an alteration in the qualities of land which
improves its potential for land use.

see land unit-.

a complex attribute of land which acts in &
manner distinet from the mctions of other land
qualities in its influence on the suitability of
land for a specified kind of use.

the fitneas of a given type of land for a specified
kind of land use.

a level within a land suitability classification.
Four categories of land suitability are recognised: [

Land gpitability order: s grouping of land
according to whether it is Suitable or Not
Suitable for a specified kind of usme.

Land suitability class: a subdivision of a land
suitability order Berving to distinguish types
of land which diffar in degree of suitability.

Lend suitability subclass: a subdiviaion of a

land suitability class serving to distinguish

types of land having the same degree of muit-

ability, but differing in the nature of the

limitations which determine the suitability '
class.

Land suitebility unit: a subdivieion of a

land suitability subolass serving to distinguish
types of land having minor differences in manage-
ment or improvement requirements.
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LAND SUITABILITY CLASSIFICATION: an appraisal and grouping, or the process

LARD SUITABILITY RATING:

LAND SYSTEM

ur

LAND UNIT-

LAND USE

LAWD USE SYSTEM

"

LARD USE REQUIREMENT

LAND UTILIZATION TYFE-

v

LIMITATION

o

MAJOR KIRD OF LAWD USE ¢

MANAGEMENT REQUIREMENTS:.

of appraisal and grouping, of specific types of
land in terms of their absmolute or relative suit-
ability for a specified kind of use,.

the partial suitability of a land unit for a land
utilization type, based on one land quality or a
partial set of land qualities. Land suitability
ratings are combined to give a land suitability
clasa (cf. note on factor rating).

a land wnit (q.v.) with relatively uniform climate
and with a repeating pattern of landforms, =moils
and vegetation. A land system may be divided into
land faoceta (gq.v.).

an aresa of land possessing specified land qualities
and land characteristice, which can be demarcated
on a map and which is employed ms a basism in land
evaluation. Land uniis may have varioue degrees
of homogeneity, according tc the scale of survey.
Fote: In FAO (1978) this was termed a 'land
mapping unit'.

a phkrase amployed in a general sense to refer to
any forzm of use of land Yy man, in contexts which do
not necessarily carry the technical connotation

of land utilization type. (gq.v.).

a spacified land wtilization type praciiped on a
given land unit and asscociated with inputs and
cutputs. (See Figure 2.3),

the conditions of land necessary or desirable for
the successful and sustained practice of a given
land utilization type (of. growth requirements,
management requirements, conmervation requirsments).

a kind of land use described or defined in & degree
of detail greater than that of a major kind of land
use (g.v.}). A land utilization type coneiste of a
set of technical epecifications in & given physical
economic and sooial setting {cf. forest land utili-
zation type).

a land quality or land characteristic which adverwe
adversely affects the potential of land for a
gpecifio kind of use.

a major subdivimsion of rursl land use, such as
rainfed agriculture, foresiry based on natural
foresin, forest plantationm, grazing, irrigated
land use.

the land use requirememts (q.v.) largely or
entirely related to mamagement of a land utilization
type.



MATCHING

‘MULTIFLE LAND UTILIZATION TYPE

-
=

ST

this term ie employed in two senses;
broader (i) amd resmtricted (ii):

(i) The procesa of mutual adaptation amd
adjuatment of the descriptioms of lamd
utilization types and the imcreaziagly
known land qualities.

{ii) The (specific) process of comparing land

use requirememts with the lamd qualities
of lamd unita

e land utilization type consisting of more
than one kind of use or purpose simultaneously
undertaken on the ssme land, each with its own
inputs, requirements and outputs.

NULTIFLE USE FORESTRY C = mltipurpose forestry): any practice of forestry

NET PRESENT VALUE

QUTPOTS

PARALLEL APPROACH:

PLANTATION

PRODUCT S

(13

‘m

4

which fulfils two or more objects of manage-
nment, whether products, services or other
benefita.

the present value of benefits minus the
present value of costa.

the producta (e.g. wocd products), services
(e.g. recreational facilities) amd other
‘benefite (e.g. wildlife conservation) resulting
from the ume of lard.

a land svaluvation methodology in which
economic oriteria are included throughout the
process of identifying land use requirements
end land guitability classification.

see forest plantation.

see cutputs

QUALITATIVE LAND SUITABILITY CLASSIFICATION: a land sultability classification

in which the results are expresced in quali-
tative terme only, without specific estimmtes
of outputa (e.g. timber yields), inputs, or
coste and returns. Note: the deacription
"qualitative' refers to the suitability clasai-
fication, not to the land evaluation, whioch is
always conducted in quantitative terms ax far
as poasible.

QUANTITATIVE PEYSICAL LAND SUITABILITY CLASSIFICATION: & land suitability classi-

SITE

]

fication in which the resulis are expreased

in physical mmerical terms (e.g. timber yields,
amounts of fertilizer imputs) (of. economic
land suitability classification).

an area considered in terms of its enviromment,
partionlarly as this determines the type and
quality of the vegetation the area can carry.
Sites are classified either qualitatively by
their climate, =0il and vegetation, into site
types, or quantitatively, by their potemtial
wood production, into site classes (g.v.).
Sites may constitute the land wnits (q.v.)
enployed in a land evaluation.



SITE CLASS ( = & site quality class)

SITE INDEX

SITE QUALITY

SUSTAINED USE

TWO STAGE APPROACH

A T

e

a measure of the relative productive
capacity of a site for the crop or stand
under study, based e.g. on volume or
height (dominant, co-dominant, or mean)
or the maximum mean arnuval increment
that is attainable at a given age.

& particular measure of site class, based
on the-height of the dominant trees in a
stand at an arbitrarily chosen age.

2 loosely used term, denoting the
relative productivity of a site for a
particular iree species.

contiming use of land without severe or
perpanent deterioration in the resources
of the land.

a land evaluation methodology in which a
Tirst approximation of land suitability is
made on the basis of physical criteria and
in which aconomic and social analysis is
carried out as a second stage on the land
use alternatives which appear most promising
on the basis of physical evaluation

(cf. parallel approach).
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