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EXECUTIVE SUMMARY

In the present guidelines for land evaluation and farming systems analysis
for land use planning, it is argued that integration of land evaluation and
farming systems analysis can substantially improve current practices in
land use plamning as an aid for sustainable land use and rura%_development.

The current state-of-the-art in both land evaluation and farming systems
analysis is critically reviewed and their relative strengths and weakmesses
are discussed, with respect to the basic philosophy as well as their
applications in practice. A comparison of both methodologies is hampered
because the approaches originate from very different backgrounds, and have
evolved in the mainstream of different scientific disciplines. While land
evaluation is rooted in soil science, and in actual practice puts heavy
emphasis on an agro-technical analysis, where economics is often involved
only as an afterthought, farming systems analysis is concerned more with
socio-economic constraints. The levels of analysis also differ to some
extent, with land evaluation emphasizing the regional aspects and farming
systems analysis concerning itself more with the farm level. However, these
differences also provide a useful starting point for exploiting the
complementarity between the two approaches. The scope for integration of
land evaluation ard farming systems analysis for land use plamming is in
three areas. First, through linking the respective units of analysis, land
use types, ard cropping and livestock systems, all being components of
farms; second, through linking the levels of analysis (national, regional,
farm and components of farms) to provide full cover of the entire hierarchy
of systems; and third, through linking data via geo-referencing.

The develepment and application of an integrated land evaluation amd
farming systems analysis sequence, LEFSA, can improve lard use plamning by
combining the strong points of both metheds. This volume suggests
procedures for such an approach, including the use of new computer-based
techniques.

Although a case study is discussed in some detail, it must be emphasized
that the LEFSA sequence is largely a theoretical one at this stage, and
that it is essential as a following step to formulate a research programme
in which the suggested methodology can be further developed and tested in
the actual practice of land use plarming.
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FOREWORD

The present volume finds its origin in a request by the Farm Management and
Production Economics Service, Agricultural Services Division, FAO to
produce & manual on ‘farming systems analysis and its linkage with land
evaluation and plamming’. For that purpose a team was established,
consisting of scientists working at the Wageningen Agricultural University
ard at the International Institute for Aerospace Survey arnd Earth Sciences
(ITC), Enschede, both in the Netherlands. As the work proceeded, the
importance of the subject became increasingly clear to us and in particular
the need to discuss ways of integrating Farming Systems Analysis (FSA) and
Land Evaluation (LE). As a consequence, we decided to produce guidelines,
rather than a manual, on 'Land Evaluation and Farming Systems Analysis for
Land Use Plamning’,

We hope to have argued convincingly that the current practice of land use
plarming has much to gain from closer linkages between LE and FSA.
Integration of LE and FSA may appear to be obvious, but it has never been
tried in practice. In the present volume, procedures for integrating LE and
FSA for land use planning, the LEFSA sequence, are suggested. While the
components of the LEFSA sequence have been tested in extenso as separate
activities, the proof of the pudding for the LEFSA sequence as a whole must
be in the eating.

The authors like to thank the following persons for their constructive
criticism ard useful suggestions: A. Andrade, A. Kuyvenhoven, J. Bouma, D.
Dent, D.B.W.M. van Dusseldorp, G.W.W. Elbersen, H.A.J. Moll, W. Platteeuw,
R.A. van de Putte, W. Siderius, W.A, Stoop, T. Struif Bontkeg, J.P.
Sutcliffe, W. Tims, J. de Vos tNC, W. van Wijngaarden, A. Young, P. Zabel,
K. Zijderveld, and, in addition, colleagues from FAO headquarters. Special
mentioning deserves J.C. de Meijere of ITC for his contribution on
relational data bases and geographical information systems. The secretarial
support of Adrie Scheggetman and Hilda Biemcld has been much appreciated.

The reader is invited to comment upon the present volume and to contribute
to a better integration and complementarity between land evaluation and
farming systems analysis in the context of land use plarming. Reactions can
be directed to: Dr H.A. Luning, Department of Land Resource Surveys and
Rural Development, ITC, P.0. Box 6, 7500 AA Enschede, the Netherlands.
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Part I. THE STATE OF THE ART OF LAND EVALUATION AND FARMING SYSTEMS
ANAIYSIS IN THE CONTEXT OF LAND USE PLANNING



1. INTRCDUCTION

1.1.

Over the past decades, land use in developing countries has been subject to
an unprecedented pace of change, mainly as a result of the growing demand
for crop and livestock products. In many areas, rapid urbanization, mining
and deforestation have also greatly affected patterns of land use.

Projections for the year 2000 and beyond suggest that, due to population
increase and income growth, demand for food and other agricultural products
will contimue to rise by over 3 X anmually (Alexandratos, 1988: 70). In
most countries the diet 1s expected to diversify in favour of higher value
commodities such as livestock and horticultural products. This will have
important implications for future land use.

Since the 1960s, growing food demands have been met through substantial
increases in food supply, resulting from both area and per hectare yield
increases. The degree to which it will be possible to meet future needs
will deperd on the ability to increase lamd productivity even more, since
the potential for further expansion of arable land is very limited.
Moreover, even where agricultural land use could still be extended, such as
in tropical forest areas, this would pose a serious threat to fragile

ecosystems.

Efforts to increase agricultural preductivity through improved tectmology,
however, have focussed so far nearly exclusively on relatively well-endowed
areas, in terms of physical resources and infrastructure, and on a narrow
range of staple cereals. While this so-called Green Revolution approach has
been very successful in terms of output growth, the effects on equity have
been more diffuse, depending on the nature of poverty in a given area.
Other factors, e.g. institutional inadequacy, population growth and labour
displacing mechanization, also have influenced equity issues. One firm
conclusion seems to be that farmers Iin less-endowed areas not suitable for
the main crops covered by the intermaticnal agricultural research centres
(especlally wheat, maize and rice), most of Sub-Sahara Africa, did not
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benefit from the advances in agricultural technology. For an extensive
treatment of the consequences of modern crop varieties, see Lipton &
Longhurst (1985 & 198%). The awareness of the consequences of the modern
varieties has led to the search for new approaches in techlnology
development and land use plamning that would include disadvantaged groups
ard regions and other commodities.

In 1975, 1,078 million persons, or 54 % of the population, in developing
countries, excluding China, lived in agro-ecological zones that could not
support this population at low levels of inputs (Higgins et al., 1982:
47)1. In 2000, 1,072 million persons, or 30 % of the population, will still
be living in such 'eritical’ areas. Although the absolute number of people
is about the same, the percentage has decreased due to the expansion of
irrigated lands, especially in India (Miggings et al., 1982: 48-49).
However, there is a limit to the expansion of irrigation. As population
contimues to increase and land/person ratios decline, intensification of
land use becomes essential in the agricultural systems presently using few
external inputs. Some regions may be developed rather easily into well-
endowed areas, whereas in others such investments in infrastructure,
drainage or irrigation facilities and supply systems will be not be
economically justifiable. In any case, the most important contribution to
production increases will have to be achieved through yield increases per
unit area in well-endowed as well as in relatively marginal regions.

In recent years, sustainability has become a key concept to describe the
successful management of resources for agriculture to satisfy changing
human needs while maintaining or improving the quality of the environment
and conserving natural resources (TAC, 1988). Although methods to assess
sustainability are still being developed, there is little doubt that
intensification of land use at low external input levels is hardly ever

sustainable.

Today, one is witnessing a situation of changing demands on iand use, of
increased needs to deploy efforts in marginal areas and of growing concerns
about environmental issues. Under these cornditions, designing sustainable

1 of course, not all agriculture in those areas is characterized by
low input use, for example the agricultural systems on Java, However, in
large parts of those areas, the use of external inmputs is indeed very low,
especially in Africa.



land use systems capable of meeting qualitatively and quantitatively
expanding needs of the population in developing countries, presents an
enormous challenge to all those concerned - policy makers, plammers,
scientists and, last but not least, the population itself. What is needed
is a clear assessment of the potential of the land and of the existing
farming systems, as well as an identification of ways to attain these
potentials, in order to develop adequate and sustainable land use plans.

1.2, Scope and objectives of these guidelines

Various methods have evolved to assess production potentials of land and
farms. Among these, land evaluation and farming systems approaches are the
most elaborate and, in many ways, seem the most promising. Land evaluation
was developed as a physical land assessment method by soil survey
specialists and has broadened as a concept by the inclusion of socio-
economic aspects during the last twenty years (van Diepen ef al., 1990).
Almost concurrently, but entirely separately, the concepts of farming
systems apalysis and farming systems research evolved, in which agronomists
and agro-socio-economists in particular, have played an important role.
Farming systems analysis comprises various sets of diagnostic methods, that
focus on the interactions of variables at farm level, covering both agro-
ecological and socic-economic aspects, while farming systems research
concentrates on experimental methods to test adapted technology at the farm

level .

Both, land evaluation (LE) and farming systems analysis (FSA) are practised
in the broad framework of land use plamming, i.e. in the design of
interventions to influence the way in which land resources are used. This
volume reviews the state of the art of LE and FSA with a particular view to
their contribution to designing sustainable land use systems. Some of the
tensions between theory and practice in both approaches are discussed, as
well as adjustments and new developments that have emerged in recent years.
It also shows how land use plamners can take better advantage of the
complementarity between LE and FSA, This volume's main contribution,
however, lies in an attempt to explore the interface between LE and FSA, It
proposes a combined approach that intends to remedy some of the
shortcomings of LE and FSA and to strengthen the complementarity between

7



the two. The LEFSA sequence, the integrated land evaluation and farming
systems analysis sequential procedure, i1s intended as a methodological
approach to assist in plamning land use systems that best fit the needs of
future generations of humankind,

The users of this volume may be farming systems experts, land evaluators,
ard others involved in land use plamning activities. In some ways, this
volume is complementary to FAO's Guidelines for Land Use Plamming (FAO,
198%) and more specifically to the section on The Land Use Planmer’s Tool
Kit, although the present volume is oriented more towards a specialist

audience.

This volume is organized as follows: the present knowledge and experience
about land use planning, land evaluation and farming systems analysis are
briefly presented and discussed in Part I (chapters 2 and 3), ard concluded
by a critical review and comparison of the present state of LE and FSA
(section 3.3), thus addressing the question how complementarity can best be
attained (section 3.4). An answer to this question is worked out in Part
11, which feocusses on strengthening of the complementarity and integration
of LE and FSA for land use plarming. In chapter 4, the LEFSA sequence is
presented, incorporating both LE and FSA. This sequence is described in a
theoretical and prescriptive way. In chapter 5, an elaborated example is
provided, in which the various steps of the LEFSA sequence are
substantiated on the basis of field data. The issues of what information is
needed and how it 1s to be collected are treated in chapter 6. New
approaches and techniques are discussed in chapter 7, followed by
conclusions and recommendations in chapter 8.



2. LAND USE PLANNING

2.1. Scope and objectives

2.1.1. Importance and objectives.

Land is an example of a natural resource which, when properly managed, can
be used again (‘renewable’2), but of which the total quantity is limited in
relation to the demardd for it (scarce). Land is not uniform. It consists of
unique units each with specific characteristics and qualities resulting
from genesis, location ard use. It is possible to grade land units

according to their qualities.

Land can be used for different purposes, of which food production is just
one example. As land can be used in different ways, it is important to
select that way which is most suited for a particular piece of land and
which best serves the interests of those concerned and involved, or at
least to avoid unsuitable uses. Different land uses are often in
competition with each other. Furthermore the population of an area consists
of different groups and individuals, each with their own interests,
Consequently, there are bound to be comflicts over the use of land.

To feed the world population adequately, as well as to generate growing
incomes and increasing employment opportunities, it is necessary to
increase the productivity of land, however, not at the expense of land as a
resource, Land should be conserved for future generations; land use should
be sustainable. In determining the best modes of sustainable land use, land

use plarning has an important role to play.

2 penewable - being able to maintain or restore the ‘original’ state -
must be considered in relation to certain qualities of land, like rainfall,
location, and perhaps structure, if properly treated; other qualities, like
fertility, are exhaustible and should be replenished either by nature or by

man.,



2.1.2. Definition and setting.

Land use plamming is considered here a form of (regional) agricultural
planning3. It is directed at the ’'best’ use of land, in view of accepted
objectives, and of envirommental and societal opportunities and
constraints. It is meant to indicate what is possible in the future with
regard to land and its use (potentials) and what should be done to go from
the present situation to the future ome, in other words, how to improve
larnd and its use. In a similar sense Dent (1988: 183) defines lard use
plarming as ‘a means of helping decision-makers to decide how to use land:
by systematically evaluating land and alternative patterns of land use,
choosing that use which meets specified goals, and the drawing up of
policies and programmes for the use of lard’.

At one time land use plamning took place for areas that were 'empty'.
Nowadays these ’‘empty’ areas, for which (re)settlement projects may be
designed, are disappearing rapidly. Reclaimed areas are another category
for which settlement plans can be made. However, in the majority of cases,
land use plarming is practiced for areas which are already used in one way
or another, Change from the present lamnd use to a projected, presumably
improved, land use can only be achieved gradually with the participation of
the users of the land. As the users of land are in most cases farm
households with specified rights to (the use of) the land, it is difficult
and undesirable to enforce changes. It is better to stimulate changes, by
creating the proper infrastructure and incentives#. Land use plarming,
therefore, does not end at the stage of indicating the best use of lard,

3 Land use (plamming) as such involves, of course, also other uses
than agricultural ones, for example roads, or tourist, industrial and urban
sites. However, given the agricultural background and context of the
development of land evaluation and of farming systems analysis, it is
practical to restrict land use plarming in this volume to agricultural (and
forestry) uses. Furthermore, it is impossible to plan the use of land in
isolation. Land use peans at the same time the use of labour amd capital.
Therefore, regional agricultural plamning would be an even more correct
term than land use plamning. However, in view of the acceptance of the term
lard use plamming, it will be used here.

4 Of course there are examples in which land use changes are enforced:
the establishment of plantations in colconial times, the collectivization of
Soviet agriculture and the movements of farmers into plammed villages in
Tanzania and Ethiopia.
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but should include formulation of all types of measures to be taken by
those involved in the use of land to achieve the desired use of land. These
measures could include investment in land, for example irrigation. Land use
plarming aims at the identification of projects, programmes and policies to
reach the desired changes.

In each particular situation, specific objectives are required. In general,
they include efficiency of the use of scarce natural resources, equity
between groups in the society with regard to the distribution of the
benefits and costs of the use of those resources, and conservation of those
resources for future use. Between those objectives there are often
conflicts and tradeoffs. It is also likely that there will be conflicts
between different groups of lamd users about the distribution of the
benefits and costs of the use of land (Blaikie, 1985; FAQ, 1989; Riddell,
1985). Examples of such groups, each with their own goals, are land owners
and tenant farmers, big and small farmers, amd commercial plantation owners
and adjacent subsistence farmers. The goals of the different groups may
also be different from 'national' objectives as formulated by the
government. As a result, governments often disagree with farmers over the
best use of land. Another source of disagreement could originate from
differences between analyses based on private economic and financial
considerations and analyses from national economic and/or social points of
view, see, for example, Helmers (1977), Gittinger (1982) and Kuyvenhoven &
Mermes (1985).

Regional agricultural plaming, and, consequently, land use plarming, are
specific forms of intermediate level plamming of sectors and regions within
the national economy. Intermediate level plamming may be defined as
plamming of sectors and reglons with a view to bridging the gap between
general macro-plamming and specific project plamming. Macro-plamning sets,
among other things, guidelines for sectoral growth, but usually does not
deal with investment projects and their spatial distribution. Project
plamning goes into great detail of costs, benefits, organization and
financing, but takes as given of the broader socio-economic framework in
which the project operates. In practice, project plamning is often not
related to the national framework and tends to lose sight of this broader
socio-economic perspective. Proper identification and priority ranking of
projects require a middle ground which is specific enough to generate
project proposals and broad enough to play a role in the national context.

11



Regional agricultural plamning considers the agricultural sector within one
region. The justification for such a type of planning is that in most
developing countries agricultural activities are very important, especially
at the regional level, because often the largest part of the employment and
of the income is generated within the agricultural sector, certainly if
agro-processing is included. Furthermore, the regional appreach in
agricultural plaming provides the possibility to take into account
specific environmental conditions and therefore to arrive at realistic
identification of projects.

However, it should be avoided to analyze the agricultural sector of a
region too much in isolation from other sectors and regions of a country.
If done so, it might overlook important linkages with, and constraints and
opportunities for development in, other economic sectors, as well as
comparative advantages elsewhere in the economy. Also, development
possibilities in the agricultural sector of a region are dependent on
developments in the other sectors and regions.

Regional agricultural planning is concerned with the following types of
questions: Which crops are most suitable (in view of the objectives,
opportunities and constraints) in a given region? What are the advantages
of a region in comparison to other regions? What interactions with other
regions are important? What are the implications of altermative land uses
for income, income distribution and employment? What farm types would be
required and are possible? What are the relations between different crops
and animals? Would a land reform be advantageous and for whom? What amount
of inputs are necessary? How is the marketing to be organized? Is it
possible to set-up an agro-processing industry? What physical ard
institutional infrastructure is required? Which specific projects and
programmes are required? What are the necessary policy changes?

Most forms of regional agricultural plamning start with a diagnosis of the
present situation and then try to identify possible future developments,
taking into account the available resources, for example natural resources,
like soils, climate and location; population rescurces, for example types
of labour; capital resovurces, for example existing processing plants and
other capital goods, national or local govermment budgets, and
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international loans or grants; and the organization and management capacity
of private or govermnment institutions.

In regional agricultural plamning the objectives can be derived in part
from natiocnal objectives, but should be made region - ard period -
specific. In this context the goals of the farm households in the region
play a key role. In general the interest of different groups in society
should be taken into account. This is far from simple and constitutes one
of the limitations of plamning.

Planning, in general, has been criticized during the last two decades for
not delivering what it promised. One point of criticism is that it takes
too much time and person power. This can be countered by using types of
planming appropriate for the purposes of plamming in each particular
situation and by being very target-oriented armd selective in defining the
required information and the methods of obtaining the data (chapter 6).
Other points of criticisms are more conceptual, and can be summarized under
four points (appendix 1):

1. administration bias,

lack of knowledge,

uncertain future, and

L= VE R o

harmony versus conflict.

The criticism on plamning in general is also relevant for regional
agricultural plarming and land use plarming. The plans developed within
that context should be formilated in such a way that they take into account
the contradictions in society and are realistic with regard to what can be
done, here and now, given the limited resources (financial, person power
and implementation capacity) of a government and the limited power of a
government to influence autonomous forces in society (Toye, 1989). And
although plammers have to realize their limitations, plamning is useful and
necessary to accelerate development. Obvious themes for plamming are the
physical and institutional infrastructure, and the creation of the right
'econditions’ for agricultural development, compare Baum & Tolbert (1985:
27). Furthermore, a government which does not intervene in markets and does
not implement programmes and projects, as a consequence of a lack of
plamning, creates a situation of 'laissez faire’. Such a situation is
untenable, especially with regard to the agricultural sector as wide
experience shows (Timmer, 1988: 301 & 323-328), and is not in the interest
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of agricultural development, nor in that of the majority of the population.
For an introduction to economic theories of markets and prices in less

developed counties, see Colman & Young (1989).

2.2. Analytjcal concepts

Phases in planning.

Plamning, or in the terminology of van Dusseldorp (1980: &) plammed
development, 1s considered to consist of three main phases: plan
preparation, implementation and evaluation. Plan preparation can be further
subdivided into goal formulation, diagnosis of the present situation, plan
formulation and acceptance of the plan. These phases are not clearly
separated in time, but overlap. Furthermore, planning is an iterative
process: conclusions in later phases may throw a new light on conclusions
arrived at in earlier ones. For example, goals can be set preliminary at
certain values, but later analysis might lead to the conclusion that those
values are unrealistic, consequently they will have to be reformulated. In
the ’'Guidelines for Land Use Plamming’, that distinguishes ten steps in the
process of land use plamming, which are refinements of the above three main
phases, this is called: 'two steps forward, one step back’ (FAQ, 1989: 15).

e 0 ent tion.
Land use plamming should result in the identification of projects and/or
programmes, with which the proposed changes in the use of land should be
accomplished. Detailed formulation and execution of these projects and
programmes, however, are not part of land use plarming.

Policy jmplications.

It is important in land use plamming to suggest changes in policies that do
effect the use of land, if it is considered that such policy changes will
be useful in bringing about a desired change in land use. However, the
actual formulation of, and decisions with regard to policies require a
higher level of plamming.
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2.3,

Land evaluation as well as farming systems analysis can be regarded as
tools for land use plarmming. As 'building blocks' they form part of the

procedure for land use plarming. This is visualized in figure 1. Other
building blocks are a ’'recognition of a need for change’, the 'development
objectives’, and an 'overall socio-economic analysis’. Together these

building blocks can be integrated into a land use plan. This is the essence

of the 'LEFSA' sequence for the integration of land evaluation and farming
systems analysis for land use plarming presented in chapter 4.

Figure 1. A generalized procedure for land use plamning.

Recognition of a
need for change

Land evaluation

Y

Development
objectives

Farming systems analysis

A 4

Land use plan, inclu-
ding project and pro-
gramne identification
and policy implica-
tions and/or further
studies

Overall socio-
economic analysis

. T . e o e b A e e b L e M R A TF R e =

The main contributions of land evaluation to land use plarming are related

to three aspects.

I) Land evaluation looks at potentials for the use of land, for example
potentials for the production of certain crops. It looks at future
possibilities for the use of land, which is an important starting

point for land use planning.

II) These potentials are based on an evaluation of physical and biological
resources, especlally land and water, and their possible uses, coupled
to an evaluation of economic and social opportunities and constraints.
It therefore interds to link biophysical disciplines to socio-economic
ones. This gives land use plamning a more thorough base.
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III) Lard evaluation has a strong geographical orientation., At a requested
scale, it maps present land use, and the land units, their properties
ard their potentials for certain land use types. This provides land
use plaming with an overview of the whole region it is supposed to
tackle.

The contributions of farming systems analysis to land use plarming are

twofold.

I) Farming systems analysis diagnoses the present situation with regard
to farming and land use, by categorizing, describing and analyzing
farms and their components, like the household system, and the
cropping and livestock systems; and by indicating and analyzing the
linkages of farm systems with aspects of higher-level systems that
impose constraints on farm level performance, e.g. input supply,
credit, extension, and prices and marketing. When farming systems
analysis and land evaluation are combined, land use types can be
placed properly into farm systems.

II) Farming systems analysis gives insights in possible and necessary
improvements in existing ways of farming. This can lead to
recommendations with regard to the physical and institutional
infrastructure, like a better input supply, but alsec to specific
agricultural research programmes. These could be backed-up by a
farming systems research programme, including on-farm experiments. As
such a research programme can only be a long term exercise, it can not
play a major role in land use plamning in the short run; only in the
long run, once results of farming systems research become available,
these can be used in future cycles of land use plaming.

In the following chapter, the state-of-the-art of land evaluation and
farming systems analysis (and, to a lesser extent, farming systems
research) is discussed, both with regard to their theoretical frameworks,
as well as with regard to how these approaches are applied in practice. In
section 3.4, where the scope for complementarity and integration of land
evaluation and farming systems analysis is discussed, reference will be
made again to land use plamming. From chapter 4 onwards, ways in which land
evaluation and farming systems analysis can be used for land use plamming
are elaborated through proposals for an integrated land evaluation and
farming systems analysis (LEFSA) sequence.
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3. LAND EVALUATION AND FARMING SYSTEMS ANALYSIS: A COMPARISON OF
CONCEPTS AND METHODS

3.1. Land evaluation

Land evaluation (LE) is the process of assessing the suitability of land

for alternative uses. This process includes:

i, identification, selection and description of land use types relevant
to the area under consideration;

ii. mapping and description of the different types of land that occur in

the area; and
iii. the assessment of the suitability of the different types of land for

the selected land use types.

The concepts, methods and procedures are described in detail in 'A
Framework for Land Evaluatlon' (FAD, 1976) and in subsequent FAQ
publications about LE procedures for specific land uses (rainfed
agriculture, forestry, irrigated agriculture and extensive grazing, FAO,
1983; FAO, 1984a; FAO, 1985; and FAO, 1987, respectively).

3.1.1. Objectives,

The main objective of LE is to assess the suitability of different types of
land, usually shown on maps as land (mapping) units, for selected and
specified land use types. The selected land use types may include forestry,
recreation and conservation land use types in addition to agricultural land
use types, particularly when areas are involved where agricultural uses may
not be productive, sustainable or socio-economically relevant,

In the land evaluation process, each land unit is assessed with regard to
its suitability for the selected land use types. The biophysical
characteristics of the land units involved may be the current ones or may
be the ones after investment in ‘land improvements’. Land improvements are
reasonably permanent changes in the conditions of the land, e.g. by
measures as irrigation, drainage or terfacing. Such improvements should, of
course, be relevant within the regional soclo-economic context. It is
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useful to distinguish between minor land improvements, which can be
implemented by individual farmers, and major land improvements, which
cammot normally be financed and executed by individual farmers (FAQ, 1983:
229).

A land use type is specified in terms of socio-economic and technical
attributes, and of requirements (see appendix 53). Land use requirements are
biophysical conditions that affect yield and yield stability of the land
use type (ecological requirements), management of the land use type
(management requirements), and yield sustainability of the land use type
(conservation requirements). These requirements are expressed in terms of
land qualities. In this context, land includes all biophysical components
of the environment that influence land use, {.e. (agro-)climate, landform,
soil, surface hydrology, flora and fauna including the more permanent
effects of current or past human activities on these components. Land is
described according to its current qualities, or when land improvements are
considered, according to the (predicted) qualities after the implementation
of the improvements. Land qualities are determined by land characteristics,
observable or measurable, biophysical properties of land (e.g. rainfall
regime, slope, soil depth, soil drainage, pH, the occurrence of toxic plant
specles, etc.).

A requirement (e.g. nutrient availability in the root zone) is a condition
necessary or desirable for the successful and sustained practice of a land
use type. On the other hand, as was explained above, land units have
certain qualities (e.g. nutrient supply by the root zone). By comparing the
requirements with the qualities -matchipg- the suitability of the land use
types for the land units is assessed. This assessment involves estimations
of the quantity and quality of the produce that can be obtained from each
land unit based on the inputs ard management as defined in the description
of the Land use types. Matching is an iterative process. On the basis of
the comparisons made, it may be decided (i) to adapt the inputs and
management of the selected lamd use types; or (ii) to consider land
improvements that alleviate adverse land qualities and thereby improve the
suitability of land for certain land use types.

Fundamental principles in the suitability assessment in LE (FAO, 1976) are:
- the selected larnd use types must be relevant to national/regional
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development objectives as well as to the physical, economic and social
context of the area concerned;

- the land use types are specified in terms of socio-economic and
technical attributes, and of requirements;

- the evaluation involves the comparison of two or more land use types;

- land suitability refers to use on a sustained basis;

- the suitability assessment includes a comparison of yield.(benefits)
and inputs (costs); and

- LE requires a multi-disciplinary approach.

LE supports land use planning by supplying alternmatives for land resource
use and by providing for each alternative, information on yield and input
levels (and/or benefits and costs), management, needs for infrastructural
improvements and effects of the land use on the environment (on-site or
off-site). Decisions on desirable land uses or land use changes and the
plamming of interventions in the form of policies, programmes and projects
to implement such land uses or land use changes, are part of the (land use)
plarning process. LE specialists should be involved in the integration of

LE results into this process.
3.1.2. Levels of analysis,

Levels of analysis and survey intensity depend on the objectives of the LE.
These objectives determine the map scale of the land resource inventory,

the degree of detail with which mapping units and land use types are
described, and the terms in which land suitability is assessed. The level

of analysis of a land evaluation determines to a large extent the

personpower and cost requirements.

The way in which results of the land suitability classification are
expressed is generally related to the degree of integration of biophysical
and sociceconomic information. Two types of classifications are
distinguished (FAO, 1983):

- qualitative land suitability classification; and

- quantitative land suitability classification.

Qualitative classifications do not include specific estimates of outputs
(crop yields), inputs, or costs and returns. They result from biophysical
evaluations of larger areas at recomaissance scales. Quantitative
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classification may be in physical or economic terms. Quantitative physical
classifications provide estimates of yields and management in kg/ha, number
of treatments/season, labour days/ha, etc.). In econcmic classifications,
the results are expressed, at least in part, in financial terms (gross
margin per ha or labour day, net income per ha). It is not advisable to
present the results of a LE solely in financial terms: such results may
become outdated quickly because of price changes. The results of an
economic classification should thus be presented as a supplement to the
quantitative physical classification on which it is based.

Table 2 shows relations between LE context and objectives, map scales,
description of mapping units and land use types, and terms in which land
suitability is expressed.

3.1.3. Procedures.

IE involves the analysis of biophysical and socio-economic data. The LE
methodology thus consists of integrating a mumber of concurrent and
sequential activities which include the ccllection, analysis amd
integration of different data sets.

The aims of land resource surveys for LE are:

1. to divide the study area into land units that are as homogeneous as
possible for the purposes considered; and

2. to describe the (relevant) land characteristics of these land units.

Two types of land resource surveys can be recognised:

1. General purpose surveys: information provided by these surveys can be
used for the evaluation of land for many uses, now or in the future.
General purpose surveys are mostly carried out as systematic surveys
by national soil survey or land resource survey agencies. They are
mostly time-consuming and costly.

2., Specific purpose survevs: based on land use types selected at the
begiming of the survey (i.e. information collection is directed
towards land qualities that affect the suitability of land for these
land use types). Specific purpose surveys are cheaper, but new surveys
may be needed when new land use types are considered in the future.
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Levels of analysis in relation to objectives and context of land

evaluation.
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Figure 3. Land evaluation procedures.
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Source: FAQ, 1984,
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Figure 3 shows the overall lamd evaluation procedure. It includes the

following steps:

i. Selection and description of lard use types, which are relevant to
policy objectives, the development objectives as formulated by
planners and to the overall socio-economic, land use and agro-
ecological conditions in the area.

ii. Determination of the land use requirements of each of the selected
land use types.

iiil. Delineation of land (mapping) units based on the results of land
resource surveys {climate, landforms, soils, land use, vegetation,
surface and groundwater). Each of these land units has a number of
characteristics such as slope, rainfall, soil depth, drainage,
vegetation cover, etc., in which it differs from neighbouring land
units,

iv. Translation of the characteristics of each land unit into land
qualities such as the availability of water and mutrients, the
resistance to erosion, etc., which have a direct impact on the
performance of the selected land use types. '

v. A 'matching’ process in which the requirements of the land use types
are compared with the qualities of each of the land units. This leads
to suitability classifications of the land units in physical terms,
separately for each of the land use types considered. Suitability
classes express the relative fitness of a certain land mapping unit
for a selected land use type. Suitability classes may refer to current
lard conditions, or, when land improvements are considered in the
evaluation, to suitabilities after the implementation of these
improvements.

vi. An analysis of possible environmental impacts of land use changes that
might be implemented on the basis of the results of the LE; and,
deperding on the objectives of the LE, the expression of land

suitability classes in financial terms.

The main types of information on larnd resources required for land

evaluations for agricultural purposes concern agro-climate, surface and/or
groundwater resources, landforms, soils, and present lamd cover and land

use. In land evaluations for forestry, extensive grazing and nature
conservation, a forest inventory and vegetation survey may be needed in

addition.
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Lard evaluation is thus essentially based on a comparison of land resource
data with land uses and the ecological, management and conservation
requirements of these land uses. It is ideally carried out by a team which
includes one or more land resource scientists, agronomists,
(socio-)economists, rangeland specialists, forestry specialists, etc. The
team composition is determined by the objectives of the evaluation and by

the land uses considered to be relevant for the area.

3.1.4. Presentation of results.

The main results of LE include:

i. Map(s) showing land (mapping) units, the suitability ratings for the
land use types considered for each land unit, and the physical
constraints of the land units for the land use types; and

1i. Descriptions of the land use types in table format.

In more detailed LE, results of the economic analysis for highly,

moderately and marginally suited land unit / land use type combinations are

often added.

The map(s) show the degree of suitability of the land units for the land
use types, and locations ard areas (hectares) involved. The classification
of land as 'suitable’ indicates that the land is physically suited for the
land use type and that sustained land use is physically possible and
economically viable. ’‘Suitable’ classifications for different land use
types, however, do not mean that gross margins, employment characteristics,
etc,, are the same. The descriptions of the land use types, therefore,
provide essential additional information, because they make it possible to
determine the consequences of the implementation of a land use type in
terms of income generation, labour requirements, infrastructure
requirements, etc. These are basic criteria used in the preparation of land

use plans.

Appendix 3 shows a land evaluation case study (adapted from Sadhard jo,
1986) for a small, highland watershed in East Java, Indonesia. Table 1, 3
and 4 of this appendix show the main results of the land evaluation in a
simplified form,
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3.1.5. Land evaluation in practice.

Proper application of the LE methodology requires close cooperation between
natural resource scientists, agronomists, agfo-socio-economists, foresters,
etc. In practice, land evaluations based on the framework carried out in
the last decade range from pure biophysical evaluations to integrated,

multi-disciplinary evaluations.

Pure biophysical evaluations are often carried out by soil survey
organizations. Socio-economic aspects are not considered; land use types or
crops may be selected on the basis of biophysical arguments only. Such
evaluations cannot be considered as ‘true’ LE according to the FAD
Framework. Despite the rather monodisciplinary character of such
evaluations, however, they can be very useful, particularly in
reconnaissance surveys of larger areas that aim at the selection of land
use priorities and promising areas for development (project location).

More fully integrated land evaluations by teams of natural resource
scientists, agronomists, agro-economists and other specialists are less
common. Examples of such evaluations are, for instance, presented in
FAO/UNDP (1977 and 1979), Beek gt al. (1980) and de Meester & Legger
(1988). Several FAO projects (e.g. projects in Liberia and North-Yemen) are
applying an integrated LE approach at present.

Current shortcomings of many land evaluations are related to problems in
integrating agronomic and socio-economic information. In addition logistic
and/or administrative constraints play a role, for instance:

i. institutions applying LE are often natural resource agencies which do
not always have qualified persormel in the fields of agronomy and
soclo- economics; and

ii. a multi-disciplinary approach involving the cooperation of various
institutions is mostly difficult to organize effectively.

A constraint of the LE methodology itself is the lack of clear procedures
for the selection of land use types. Land evaluations in practice,
therefore, seldom indicate the criteria used for the land use type
selection. Farming systems information, which is essential for the
selection, is often not available or inadequately used in the selection
procedure. Another limitation in LE is the insufficient current
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quantifiable knowledge on ecology and agriculture, particularly in tropical
areas. This makes the matching procedure less reliable. What are critical
values of the land use requirements/land qualities with respect to a
certain productivity/sustainability level of a land use system? A proper
assessment must be based on knowledge of 'yield-management-land quality’
relations. This knowledge is depersdent on results of experiments/trials,
farmers' knowledge and experience, and field observations by experienced

surveyors.

Modelling of crop growth and land degradation may reduce the amount of
information that is needed for the matching of land use requirements and
land qualities. Models, however, require reliable, specific data sets for
each study area for their calibration and validation. In addition, basic
data are required to extrapolate the results of crop growth modelling to
larger areas. The same applies to the use of 'transfer fumcticns’ (Bouma &
van Lanen, 1987) which assess land qualities on the basis of simple,
observable and measurable, land characteristics such as soil depth, clay
content, rainfall, etc.

A constraint which applies to some (not all) land evaluations is the rather
generalized description of the land units. Essential information on
important components of land units is sometimes not included. The same may
apply to the description of the variability of the land characteristics of
mapping units or their components. This description is sometimes based on
‘typical’ situations or 'model soils’ only.

3.2. Famming systems analysis

3.2.1. Backgrourd and objectives.

This section discusses mainly the body of knowledge that is concerned with
diagnosis and analysis of farm level variables, defined as farming systems
analysis (FSA) here. The experimental side of the farming systems approach,
farming systems research (FSR), also referred to in the literature as on-
farm trials, or on-farm or adaptive research, will receive only cursory
attention because of its more limited relevance to lard use planning.
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