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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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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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FSA has emerged in response to the concern over the increasing gap between
the yields obtained on experimental fields and actual farmer yields. This
gap can be attributed to the fact that agricultural research in the past
has focussed much more on increasing, and understanding, the potential of
crops and livestock, rather than on adapting agricultural technology to
farmers’ ecological and socic-economic production constraints..Farming is
not only a source of food, but very often also a source of feed, of fuel,
of fiber, of pharmaceutical products, of cash income, and last but not
least, a source of pride. In other words, farmers use agricultural
production to satisfy many, diverse needs. Thus they have multiple goals,
and it is this acknowledgment that has provided an important starting point
for FSA., Initially, many farming systems studies focussed on the question
why many farmers have not been able to benefit from the new technology

. developed by agricultural scientists and why the impact of tectmology
differs so widely between farmers and regions. The generalized conclusion
was that farmers have missed out either because the technology did not
address their most important constraints, or because it implied changes in
the allocation of resources that conflicted with their other activities,
This has in turn led to procedures to fine-tune the agricultural research
agenda to the needs and constraints of farm households in the tropics and

subtropics.

Although many debates on the state of the art are still conducted, there
appears to be a general agreement on the overall objectives of farming
systems analysis and research. Both FSA and FSR were, and still are, nearly
exclusively focussed with developing agricultural technology for small
farmers, i.e. farmers who undertake a variety of cropping and/or livestock
activities, often on fields of limited size, use family labour and
relatively few externally purchased inputs. Mostly, the focus is not on
increasing yields of one crop, but on increasing the long-term stability of
yields and reduce risks, for example through diversification of crops or
crop varieties. Emphasis has therefore been put on crop and livestock
species that hitherto have been rather neglected by the mainstream of
agricultural research, such as cassava, sweet potato, yam, millet, beans,
goats and buffalo. Within this context, farming systems analysis studies
constraints and potentials in existing farming systems, in particular those
that result from specific farm practices such as midtiple cropping and the
use of micro-variations in the environment.
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Because farming systems analysis has its roots in agricultural research,
its objectives arxl methods are primarily aimed at complementing and
directing ongoing applied research in agriculture. A distinguishing feature
of farming systems analysis in comparison to most classical research in
agriculture is its interdisciplinarity ard its attempts to Integrate the
results of various disciplines, in order to understand the linkages between
the agro-ecological ard socic-economic aspects of a farm. Many of the
insights gained in this context, particularly the diagnostic procedures,
however, can also be applied in other development-oriented programmes, such
as land use plarming.

Farming systems analysis derives its theoretical framework largely from
systems analysis (see appendix 4). It distinguishes between systems at
various hierarchical levels, ranging from the plant system through the crop
system, the cropping system, the farm syst:em5 {which includes the farm
household), to the higher level land use systems (village or watershed and
regional or national systems), as illustrated in figure 4.

3.2.2. Procedures.

FSA and FSR procedures are often combined but they can be separated into
two clearly distinct phases, each divided into a number of steps
{Collinson, 1987}: diagnosis and experimentation. Together, these
procedures form a sequence that is repeated &whenever necessary, even if
this sequence is not rigorously defined.

3.2.2.1. Analytical procedures or diagnosis.

FSA starts with an area approach rather than a thematic one: it
concentrates on a given area and analyses the problems faced by farmers in
that area (e.g. Conway, 1985a). It identifies homogenous target groups
composed of farmers cperating in approximately the same environment. This
implies that these farmers are part of similar systems at different levels
of the hierarchy: similar conditions at reglonal, village, farm and

3 In contrast to the ma jority of authors, who do not make this
distinction, the term farm system refers to a specific system level in the
hierarchy at which the individual farm is studied as a system, whereas
'farming system’ is referred for a class of similarly structured systems.
FSA studies farm systems in order to group them into farming systems.
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Figure 4. Agriculture as a hierarchy of systems.
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cropping system levels., The degree of similarity is always difficult to
agsess, even qualitatively, but in general farmers belong to the same
target group if they experience the same problems and opportunities. The
outcome of the diagnosis consists of possible solutions and opportunities
to alleviate constraints in that enviromment. More specifically, then, the
diagnostic phase has the following, interrelated objectives:
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- to describe the physical, biological and socio-economic environment in
which farmers operate;

- to understand the skills and knowledge, the constraints and
aspirations of farm households;

- to evaluate existing systems, i.e. their performance in terms of the
processing of imputs (labour, seeds, fertilizer, management, etc.)
into outputs (crop and livestock products for cash, food, fiber, fuel,
etc.); and

- to identify the most constraining factors that require interventions.

Ideally, diagnosis is an iterative process which becomes increasingly
focussed on particular types of farm systems or thelr components. Thematic
studies, e.g. on particular commodities (crops, livestock) or on components
(soil fertility, marketing) will be conducted later during the diagnostic
phase. The diagnostic work has, by definition, a strong mdtidisciplinary
and interdisciplinary focus, and close collaboration with the farmers ard
representatives of the rural commmity is prescribed, even if not always
adhered to. Priority target groups are selected for further analysis as
early as possible. Typically a diagnosis consists of the following steps.

1. Characterization of the study area. Through a study of secordary sources

such as existing statistics and maps an initial impression of the problems
and potentials of the regional system and the farming systems in the region
is obtained. Depending on the size of the area and the available amount of
information, this may take up to one month. During this period short visits
to the area are combined with the training of field assistants. It results
in the selection of representative pllot area(s) for further study. Pilot
areas must reflect typical conditions in the region, with respect to
climate, soils, relief, population density, infrastructure, ethnic groups.
Micro-variations that are typical of the farming systems in the region,
such as toposequences, must of course be included. The size of the pilot
areas may vary from a single village to a subdistrict.

2. Rapid appraisal of the pilot areas. Rapid rural appraisals (RRA), also
known under other names, for example, exploratory/informal surveys

(Collinson, 1982), sordeos (Hildebrand, 1981), exploratery diagnosis (FAO,
1990), are by now classical teclmiques in FSA that aim to provide, in a

relatively short period of time, a first analysis of field data collected
through observations and interviews with farmers and other key informants
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with the objective of formulating hypotheses about possible interventions.
Since interviewing procedures are highly dependent on the social context,
the selection of the interviewees requires special care. Interviews are
best combined with field observations (Ashby et gl., 1987). When the
interviews for a particular pilot area or village are completed, a few days
are spent to evaluate the results, draw conclusions and formulate tentative

hypotheses.

The rapid appraisal may take various weeks or even a few months, and may be
repeated several times throughout the agricultural seasons. Its outcome
consists of an ecological and socio-economic description of the pilot area
(land use/ village system) and identification of issues that need further
study, Leading questions usually include: Why do farmers do what they do?
Are there unidentified opportunities in the farm system? What constraints
do farmers face? Are there great differences between farmers? If so, to
what can they be attributed? Although rapid appraisals have been criticized
as ’quick and dirty’ because of their superficiality, they constitute an
essential step in the process of FSA enabling development officers,
planners and researchers to commmicate among themselves and with farmers.
It goes without saying that quantitative data, especially of longer time
series can only be obtained through formal surveys. Rapld surveys allow the
latter to be more cost-effective and better focussed through the definition
of farming systems zones (FAO, 1990) and recommendation domains (Byerlee et
al., 1982).

within a broad target group, may still face different problems. It is
therefore essential to group farmers within the same pllot area according

. Farmers
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to a range of agro-ecological and socic-economic criteria. Target groups
may be divided into farming systems zones and recommendation domains. The
latter are more narrowly defined: a more or less homogeneous group of

farmers with gimilar circumstances for whom similar recommendations can be
made (Byverlee gt al., 1982)6. These classifications mway change over time as

6 Recommendation domains differ from farming systems in the sense that
the former may refer to improvements in one component of the farm system
only, e.g. virus-resistant maize varieties which are relevant to farmers
with different farming systems. In other words, for a specific techmology
farmers of different farming systems may belong to the same recommendation
domain. In contrast, farming systems zones are more or less hemogeneous
geographical areas of one or more farming systems. They represent areas for
possible interventions (FAO, 1990: 79).
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the adoption of new techniques proceeds or as external circumstances
change, so that new differences between farmers emerge. Initially, the
categorization helps to identify similar groups, and later, when
agricultural technology is being tested and extended, it helps to identify
sites for on-farm tests and to tailor recommendations to the specific
circumstances of different farmer groups. In the strict sense,
recommendation domains in FSA relate to the farm system level of the
hierarchy, but in some cases cropping systems may also be classified into

recommendation domains.

The difficulty with recommendation domains is that farmers classified in
different domains may farm adjacent areas, ard farmers belonging to the
same domain may live at considerable distance but share similar
characteristics. It could be argued that each farm system constitutes a
unique constellation of components and could be considered a farming system
zone or recommerdlation domain by itself. This would of course be very
impractical, and overlooks the fact that within the context of agricultural
development what matters are relevapnt differences between groups and
similarities within groups. During the definition of relevant differences,
case studies of typical farms may be conducted to obtain a thorough
qualitative understanding of the linkages between the system components. In
some cases, the definition of farming systems zones or recommendation
domains follows from the formal survey, so that quantitative correlations
between different farm household and farm characteristics can be
established,

4. Formal surveys. Formal surveys are a way to obtaln primary quantitative
data on the farming systems, cropping system and livestock systems in the

pilot areas with the intention of verifying the hypotheses formulated
during the rapid appraisal. Because they are without exception very
demanding in terms of time and costs, these surveys must be as focussed as
possible, and complement other forms of diagnosis. This means that it is
only useful to conduct a formal survey if one knows exactly what
information ls required, and that such quantitative information will make a
significant contribution to the urderstanding of the situation. Formal
surveys require the use of sampling procedures, pre-tested and stardardized
questiormmaires and other methods that allow statistical treatment of data.
They demand well-trained persormel both for conducting the survey and for
the analysis. Usually, surveys are limited to single visit interviews, and
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need to be complemented by case studies and other informal methods. In
others, farmers are visited more often, for example weekly, or are asked to

keep records, so that more detailed data are acquired. Formal surveys may
take several months including preparation, pretesting, data analysis and

report writing (or more if multi-annual data are required). In any case,

the time required for formal surveys should not be under-estimated.

processing and analysis take too long, the data may already be outdated by
the time field experimentation starts. Preferably, processing should
already take place in the course of the preceding phases.

The results of a diagnosis can be presented in several ways, and there is
some emphasis in the literature to include ways that can also be grasped by
farmers, and discussed with them so that they can give their feedback
(Mutsaers et al., 1986). Diagrams, charts and other visual presentations
can be useful for that purpose because they give a summary of verbal data.
Good results are obtained with transects that give a spatial representation
of the farm system (figure 5).

The final report of the diagnostic phase should contain a description of
the regional system, of the pilot area (villages or land-use units), of
the farming systems, and of the recommerdation domains within each of
these.

3.2.2.2. Formulating of research and development options.

Ideally, the outcome of the diagnostic phase ig the analysis of constraints
and potentials of distinct categories of farmers, including the
interactions between different types of constraints as well as an
identification of priority problems at each level of the hierarchy of

systems.

In the classical sense, most FSA takes place in the context of agricultural
research. In this case development options are translated into agricultural
experiments, This need not be the only way in which diagnostic results are
used, of course, and the integration of FSA in regional and project
plarming can broaden the way in which farmer constraints can be solved.
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Figure 5. Agro-ecological transect, Chanchama, Peru.
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Some constraints may be addressed through on-farm experimentation, while

others will need interventions by regional or national development

agencies, such as markei:ing boards or credit unions, or even changes in

national policies.

Where FSA is practised in the context of agricultural research, diagnosis

is followed either by on-station research or by so-called 'on-farm'

adaptive research, aiming at bringing techlmology to farmers and
experimenting with it under their ecological and management constraints.
This type of work, or FSR, has assisted agricultural researchers in setting
their research agendas - a role that has led to controversy as well as to
considerable shifts in emphasis in the international agricultural research
centres (CGIAR/ICRISAT, 1987). The translation of diagnosis into
agricultural research programs is essentially a matching process: by
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confronting the analysis of farmer constraints with existing scientific
knowledge in the field of agriculture, recommendations for applying that
knowledge to specific circumstances are formulated. The type of
experimental research, or the importance of the research ’‘feed back loop’
(Young, 1985), deperds on the kinds of problems tackled and the degree of
adaptation of existing agricultural technelogy that is required. In some
cases, more basic research under controlled conditions will be necessary,
while in others, adaptive research will be sufficient.

In a simplified form, design of on-farm experiments and tests involves
therefore a problem statement (e.g. ‘farmers in area A face food shortages
due to low millet yields'), an analysis of the cause{s) ('low availability
of nitrogen'), hypotheses about possible solutions (’intercropping with
cowpea increases nitrogen availability in millet', ‘early planting reduces
nitrogen losses’), and, finally, detaijled proposals for on-farm
experimentation. The most difficult step is usually the selection of the
treatments, or in other words, the way in which the hypotheses are
translated into trial design. On-farm work deals with two types of
hypotheses: those concerning technical and biological relations that can be
quantified (’a legume intercrop increases nitrogen availability by y% and
therefore yield by z%), and those that deal with farmers' reactions to
improved technology and that are more difficult to quantify (’'if low cost
legume seed is available and millet yields increase substantially, farmers
may be interested in providing the additional labour to grow the legume
intercrop’).

3.2.3. Strengths and weaknesses.

Over the past decade FSA has drawn much attention, as well as considerable
criticism. By now, many development workers, plammers and researchers in
developing countries have become acquainted with some of the basics of FSA.
The main benefits thus far are the development of a greater awareness of
the constraints and potentials of small farmers, the emergence of a
detalled set of survey methods and a formal approach to setting
agricultural research and development agendas. Some methodological problems
still remain, in particular questions relating to the limitation of data
collection during diagnosis and the optimal design and phasing of on-farm
interventions and experimentation. Most pressing, however, are
institutional and organizational issues in FSA.
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The impact of FSA will remain limited unless it is part of a larger long
term rural development effort, so that non-agricultural, non-experimental
variables (that carmot be easily included in real time experiments, such as
prices, marketing, input supply, etc.) can also be tackled effectively. The
scope of FSA suggests that it can be an autonomous activity (and so it has
been in several foreign aid projects), however, one must be aware for the

risk of overestimating its role and equating FSA with rural development.

In the best instances of FSA, it has successfully shown the importance of a
detailed analysis of farmer’s constraints and the usefulness of an ongoing
dialogue with farmers. However, the cost effectiveness of FSA has hardly
been the subject of systematic evaluation. Clearly, if FSA depends on
expensive expatriate persormel, its future role is limited. On the other
hard, national development officers, plarmers and researchers require both
the training and the incentives as well as the logistics to conduct farm
level surveys and donor supported programmes may help to get started.

There are many issues that have hardly been tackled by FSA, because of
their organizational complexity. In particular, the design of sustainable
land use systems, rather than minor improvements in existing farming
patterns, has been neglected (Simmonds, 1986). Other aspects, such as the
closer integration of crops amd livestock and peremnial species, or, on the
other hand, the position of women farmers and agricultural labourers,
require an extended and coordinated commitment by many government or
private agencies., For farming systems analysts, as for other scientists,
the ultimate challenge lies in slowing down the rate of natural resource
degradation and the design of ecologically, economic arxt socially
sustainable farming systems.

A comparison of LE and FSA meets with the difficulty that the two
approaches stem from very diverse backgrounds. LE has evolved from soil
survey work and has always been closely associated with regional and
project plaming, whereas FSA is basically a diagnostic procedure and has
malnly been carried out within the framework of agricultural research and
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development. Increasingly, however, quantified LE is used as an input into
potential agricultural production research, although linkages between LE
arxl FSR hardly occur.

Furthermcre, cne should also distinguish between theory amd practice.
Certain subjects or methods may be considered desirable, but are hardly
ever dealt with in the normal practice of either LE or FSA, even if certain
individuals may apply them. The FAO guidelines for land evaluation, for
example, state clearly that selected land use types should be ’‘physically
and socio-economically relevant to the local area concermed’. However, in
practice this requirement is not sufficiently met, or should be researched
more thoroughly before the actual evaluation takes place, especially with
regard to the socio-economic aspects. Nevertheless, the two approaches have
more in common and are more compatible than would seem at first sight. This
section examines the relative differences between LE and FSA as they are
generally practiced and suggests areas of methodological as well as
substantive complementarity that are further explored in part II.

3.3.1. Objectives and scope.

The scope of FSA is both narrower and wider than that of LE. FSA intends to
analyze farm level constraints with the aim of developing adapted
technology and interventions for specified categories of farmers, while LE
is directed towards determining the suitability of certain types of land
use. In diagnostic terms this implies that FSA focusses on determining
present uses of land, in contrast to LE’'s emphasis on future and potential
uses. To some extent, however, this difference reflects the past of both
approaches rather than methodological necessity. FSA methods could also be
applied in a regional plamming context, even if this rarely happens, and,
vice versa, LE methods could be integrated into the process of agricul tural
techmology development. An important difference, at least on paper, is that
FSA focusses not just on maximizing productivity per unit of land, but
takes inte account labour productivity as well as equity issues. Both
approaches share the desire for sustainability of land use, although this
concern is more easily stated than achieved. Although the setting of
research agendas is an explicit outcome of FSA, LE may also result in clear
recommendations for agricultural research to alleviate land-related

constraints.
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3.3.2. Disciplinarity.

While in LE the basic disciplines are soil science, economics, ard to a
lesser extent agronomy, the former hardly figures in FSA. FSA teams usually
involve an agronomist, an economist and/or an anthropologist, The
collaboration between the disciplines is a point of contention in FSA. In
LE this does not seem to be the case, most probably because of the
existence of a more clearly defined framework that structures the
contribution of each discipline. However, in'practice the inputs of the
social sciences are very limited, as often there is no budget for an
economist or sociologist, or such an input is outside the scope of the
institution responsible for soil surveys and land evaluations. In contrast
to FSA, LE does not aim at interdisciplinary, but only at multi-
disciplinarity, i.e. a cumilation rather than a true integration of
disciplines. Another difference lies in the fact that FSA attempts to
promote, with varying degrees of success, the involvement of farmers as

active participants in an ongoing dialogue.
3.3.3. Units of analysis.

Both LE and FSA temd to start with an area or regional approach rather than
a thematic approach limited to certain soil types or crops. The ultimate
unit of analysis in LE is the land use type which can be characterized
according to key attributes and has certain requirements with respect to
land. FSA analyses farm systems that are composed of specific subsystems
(e.g. cropping or livestock systems). Since land use types are nearly
always, with the exception of newly reclaimed land, a component of farms,
it is logical to assume a close correlation between cropping (or livestock)
systems on the one hard and land use types on the other. See for an example
of such an approach, appendix 2. Such an equation is only possible,
however, if land use types are defined in a narrow sense rather than a
broad sense, i.e. irrigated rice rather than irrigated crops in general. It
would be even more desirable if more detail were provided in the definition
of the land use types, since FSA tends to describe its cropping (or
livestock) systems within a given region with great specificity, e.g. IR-36
at specified management and input levels rather than just irrigated rice,
but mostly LE does not include that degree of detail. As will be discussed
in section 4.2, the degree of detail is to a large extent a function of the
objectives and the phase, and therefore the level of analysis, In the
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sequence of LE and FSA the degree of detail increases as one moves through
time and approaches in the analysis the levels below the farming system. In
other words, there will be a better chance of a good fit between land use
type ard cropping/livestock system, and hence more similarity, as time
proceeds,

There are of course differences between the concepts that will remain of
importance, especially in those cases where FSA and LE are not undertaken
jointly. The term cropping or livestock system includes the land on which
the crop(s) are grown, whereas in LE land is clearly separated from its use
in order to carry out the matching between requirements and qualities. The
soll is part of a land unit, and not of a land use type. Furthermore, the
descriptors for the two concepts, land use type and cropping or livestock
system, are not identical. In principle, both are based on an input-output
analysis, although this 1s more often made explicit in FSA,

At present, FSA only provides generalized, aggregated regional information
on natural resources, and hardly provides ecological detail at the
cropping/livestock systems level, while LE often treats socio-economic
data, including labour inputs, with a great deal of generality ard
particularly neglects or ignotres the intrahousehold allocation of
resources, Another important distinction is that LE ignores any relations
between land use types within the context of the farm, in the sense that
the allocation of resources to some land use types may withdraw resources
from others and that farmers will optimize production at the farm level
given their own specific objectives, instead of maximizing the productivity
of each land use type. This type of farmer's 'compromise’ between
productivity and risk is a central issue in FSA: since, nearly without
exception, farming systems consist of more than one subsystem, subsystem
interactions are crucial to understanding the performance of the system as
a whole., Consequently, there is a major difference with respect to the
choice of the ultimate scarce factor: land or labour. LE focusses almost
exclusively on land, whereas FSA concentrates on labour, and only to a
lesser extent on land. In practice, LE may suffer therefore from a ‘major
crop bias' and generally disregards non-agricultural or off-farm activities
by household members. FSA has drawn attention to the multiple factors that
govern farm management and the way in which these are translated into
cropping (or livestock) patterns so as to enable farmers to make the most
of their resources. Studies of scarce factor management by farmers and the
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determinants of risk avoidance strategies have put this issue into focus
(e.g. Hul jsman, 1985; Ellis, 1988).

3.3.4, Scale.

The discussion on the differences in units of analysis is closely linked to
a discussion about the scale at which both approaches operate. It is often
assumed that FSA deals with micro-level variations, whereas LE has a macro-
level orientation, and is therefore, technically speaking, more small
scale. This, however, is an unwarranted simplification. Scale in LE or FSA
deperds on objectives, and is not a fixed characteristic of the
methodology. If time and funds permit, LE may well focus on detailed, large
scdle units. In the same way, FSA may concentrate on higher levels of the
hierarchy than the livestock or cropping systems, and study similarities

between farming or village systems operating in different environments.

Issues of scale are closely related to variability within units. Small
scale analysis implies large units that can never be entirely homogeneous.
The degree of heterogeneity accepted deperds on the objectives, but also on
the way in which the analytical framework permits an understanding of
factors causing heterogeneity. FSA is only interested in spatial patterns
within the area insofar as they relate to socio-economic target groups,
such as farmers on slopes arnd valley bottoms, Spatial variation (within and
between land units), of course, is a key issue in LE. In general, the
attention in LE centres on variation between land units rather than on
variation within land units. Usually, for practical purposes, land units
are treated as spatially homogenecus with respect to a certain land quality
(with the exception of inclusions). However, only on very large scale maps
most land units are indeed spatially homogeneous with respect to certain
land qualities (again with the exception of inclusions).

3.3.5. Methodological sequence.

In theory, LE as well as FSA follow an iterative sequence: as land use
changes over time, there is a contimual need for its assessment and for the
introduction of new agricultural technology. Both LE and FSA start with a
diagnostic phase (although the term is specific to FSA), implying the
identification of existing land use types c.q. farm or cropping or
livestock systems. Both also follow a comparative approach, although this

40



is much more explicit in LE where alternative land use types are compared.
FSA compares existing production patterns (farmer technology) with
available technology. This has no equivalent in LE, which only uses
assumptions about the suitability of certain types of land use (i.e.
certain levels of technology) in a given situation.

The matching of land use types requirements with land unit qualities
results in a suitability classification of land. However subjective this
classification may sometimes seem, it differs radically from FSA whereby
constraints in farm production as experienced by farmers, and not
necesgarily objective constraints, are listed. FSA takes into accoumt that
farmers may use land in ways that are objectively unsuitable (the land use
types requirements are not met), and that farmers strike compromises
between resources ard farm household goals., In other words, the best
possible use of land as defined through LE is not always found, and this
provides a starting point for considering (i) measures to improve land
qualities through investment; or (ii) the development of new agricultural
technology. To put it simply, LE aims to adapt land use to land, whereas
FSA aims to match improvements to farmer constraints which include land
qualities. However, if investments in land are economically feasible, LE
couples improved land to improved land use.

3.3.6. Types of data.

IE as well as FSA are criticized for their time-consuming data collection
procedures resulting in a great degree of detail that is not reflected in
the final conclusions. There is a clear difference with respect to the type
of data collected ard accepted in the analysis. While the awareness of the
need for quantitative data is growing among both groups of professionals,
LE has been more successful in developing quantitative methods and linking
up with quantified systems analysis. Notwithstanding this fact, LE as well
as FSA remain surprisingly qualitative when it comes to the ultimate
judgement of suitabilities. FSA has emphasized a mumber of data sources
that have remained largely urmtilized in LE, such as historical and
seasonal production series, case studies, on-farm trials and observatioms
of farm household activities. FSA has been oblivious particularly of the
need to present data in graphical form, and mapping of spatial
characteristics, apart from transects, is hardly ever considered. LE
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emphasizes mapping, and has recently integrated some of the geographic
information systems methodology.

3.4,

It may be concluded from the above comparison that LE and FSA differ in the
degree and type of detail that they can handle ard therefore the degree and
type of heterogeneity that can be taken into account. LE indicates the best
uses of land in so far as these are recognized and are estimated to be
technically feasible, economically viable and socially acceptable. FSA has
drawn attention to the fact that these conditions are often not met,
especially under rapidly changing environmental and econcmic circumstances.
In contrast to LE, FSA has emerged out of an explicit concern over less
well-endowed regions and subsistence-oriented farmers using low quantities
of external inputs, and its approach focusses on these problems. While
there are marked differences in the relative strengths arxl weaknesses of LE
and FSA, there seems to be considerable scope for complementarity between
the two approaches. A few authors have attempted to combine elements of LE
and FSA (Corway, 1985a; Young, 1985), but there has been no systematic
effort to explore the entire scope of complementarity and possible
integration. Two sets of scenarios can be envisaged: complementarity which
assumes that LE and FSA remain separate procedures but can benefit from
each other methodologically and conceptually, or integration of elements
from both LE and FSA into a new set of procedures which meets some of the
criticisms advanced against either approach and combines the strengths of

each.

The most obvious form of complementarity is the sharing of information
between practitioners of FSA and LE, During the diagnostic phase FSA could
benefit immensely from the soil and climate data collected during a
recomnalssance land evaluation, while in the constraints analysis at farm
level, results from detailed land evaluations describing the suitability of
land units for land use types would be very useful. Similarly, regional
information on marketing, rural services, etc, farm level information on
household priorities, labour and input constraints as well as detailed
information on variations in cropping and livestock systems would be of
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help in different types of LE so that more realistic selections of land use
types can be made. Rather than limiting its assessment of techmology levels
to three or more broad categories ‘low’, 'medium’ and 'high’, as is often
the case, LE could base itself on the detalled descriptions of technology
levels and the results of on-farm experiments in order to formulate land
uses that take into account on-farm relations between land use types, i.e.
interactions between cropping systems and between cropping and livestock

systems.

There is also a temporal dimension in the methodological complementarity of
LE and FSA., In this case the possible relation between FSA and FSR comes to
the fore. Once improved larnd use patterns have been identified through LE
and FSA, adaptive research on most suitable cropping and livestock systems
for specific target groups belongs to the domain of FSR. On the other hand,
once adapted technology exists for clearly identrified target groups, the
land umits where it may also be relevant (outside the initial target area)
can be evaluated, in order to determine the area of extrapolation of the
improved tectnology. The results of LE could also be fed more directly into
the setting of research agendas for specific regions and countries, which
is now almost exclusively based on cost-benefit ratios for specific crops.
In practice, these kinds of information sharing occur haphazardly, if at
all, because LE and FSA are undertaken by different institutions and
involve scientists from different disciplines each using their own
language. Such exchanges of information would not require any changes in
the methodology of either approach, but would need an awareness of the
similarity between the ultimate (most detailed) units of analysis of LE and
FSA, land use types and cropping/livestock systems (as components of farm
systems).

Integration of LE and FSA, however, is more far-reaching and has important
methodological, conceptual and organizational implications. Seen in the
context of land use plamming, the goals of LE and FSA are more or less
similar: to provide detailed recommendations ard, where appropriate,
pathways for their implementations, on improvements in land use as they are
determined by ecological and socio-economic constraints, including current
land use, and opportunities. The types of data collected for this purpose
are complementary in nature as well as in time. Furthermore, the methods
they use, even if these are shaped by their divergent disciplinary
backgrounds, follow the same pathway, moving from the aggregated regional
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level through increasing degrees of detail and disaggregation in order to
arrive at the ultimate unit of analysis, the land use type or the
cropping/livestock system.

An integrated land Evaluation and Farming Systems Analysis or ! !
sequence can therefore be formilated that draws upon the relative strengths
of both approaches. This sequence moves from the regional level to the farm
level and below, while specific activities are carried out at each level.
Recormaissance LE and rapid appraisal find their place at the regional
level, while (semi-)detailed LE and the diagnosis of farmer constraints
take place at the lowest level. While such a sequence is clearly defined in
time, with the regional level analysis coming before the detailed farm
level work, the integrated LEFSA approach does not follow a sequential
process, but is iterative within and between levels of analysis ('two steps
forward and one step back’) so that at each level data can be cross-
checked and referred to higher levels when inconsistencles occur.
Furthermore, conclusions reached at lower levels should be incorporated in
analyses at higher levels.

There is no doubt that an effective integration of LE and FSA into a LEFSA
sequence will present great difficulties. A full integration may not even
be desirable. However, aiming at a closer integration of LE and FSA may
eventually be more promising in dealing with the problems of poor farmers
in difficult enviromments. Part II explores the potential and the
constraints of integrating LE and FSA in the LEFSA sequence in a detailed

way.



Part II. STRENGTHENING THE COMPLEMENTARITY BEITWEEN LAND EVALUATION AND
FARMING SYSTEMS ANALYSIS
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4. AN INTEGRATED IAND EVALUATICN AND FARMING SYSTEMS ANALYSIS
SEQUENCE

4.1, once AT : e

Conceptually, any attempt to integrate LE and FSA starts with the
recognition that both approaches work at various hierarchical levels. There
are some differences of emphasis: LE focusses on the regional level in its
recormaissance work, and at the cropping systems level in its (semi-)
detailed analysis, whereas FSA concentrates on the farm level. The first
step is therefore to define hierarchical levels that are acceptable in both
methodologies.

The levels proposed here are derived from the application of general
systems theory to agriculture (Odum, 1983; Hart, 1985; Fresco, 1986). In
analogy to ecology, agriculture is described as a hierarchy of systems. A
system involves an arrangement of components (or subsystems), which
processes inputs into outputs. Systems display special properties that
emerge from the interaction of components. Knowing only the parts,
therefore, does not adequately predict the behaviour of the system as a
whole. In all systems five elements are distinguished: components,
interactions between components, boundaries, inputs and outputs.

The structure of a system is defined by the quantitative and qualitative
characteristics of the components and the interactions between them. The
way in which inputs are processed into outputs determines the fupection of a
system. Within the Boundaries all relevant interactions and feedbacks are
included, so that all those components that are capable of reacting as a
whole to external stimuli form a system. For more details, see appendix 4.

Within the agricultural hierarchy, one finds the cell and the plant organs,
followed by the plant itself at the lowest levels. Plants combine into
crops ard crops into fields that may carry crop populations of various
specles and varieties, weeds and pathogens. The farm is situated at the
next higher level. Groups of farms combine into villages or subregions,
These in turn combine into regions, which may cover a part of a country, an

47



entire country or even a group of countries. It appears immediately that
the higher levels in the agricultural hierarchy are less easily defined
than the lower levels. At the lower levels, the analogy with ecology poses
no problems. The plant correspornds to the level of the individual, the crop
to the population and the field to the community. The farm can be
considered an ecosystem composed of interacting human, animal and
plant/tree populations. Farms, however, can be grouped in diverse ways,
because they display many different facets. Depending on whether socio-
economic or biological and physical aspects are studied, a model of the
higher levels of the agricultural hierarchy includes farms combined into
soclo-economic units, e.g. villages, or into physical land use units, such
as watersheds. At an even larger scale, for example of the region or
country, ecosystems are increasingly complex and more difficult to map. Cne
of the complicating factors at the (sub)regional and higher levels is the
existence of the non-agricultural sectors, which are linked to the
agricultural sector through the exchange of inputs and outputs. Figure 4,
in section 3.2.1, presents a qualitative model of the agricultural
hierarchy. It identifies levels of analysis, systems, system components,

well as units of observation.

When the hierarchical structure of ecology is applied to agriculture, the
result is a hierarchical series of nested systems of increasing complexity.
As complexity increases, so does the difficulty of describing the systems
in an unequivocal way. (Sub)regional systems, in particular, may be defined
from a biophysical as well as a soclo-economic point of view. What view
prevails, depends to a large extent on the purpose one has in mind. While
any attempt to represent reality by simplistic levels in a hierarchy is
hazardous and may be philosophically objectionable, there is considerable
merit in practice to attempt to create some order in the bewildering chaos
of imaginable data. It provides a basis for concentrating on the most
important relationships and to select data in that light. Accepting this,
then two questions emerge: how are the levels of analysis and the
corresponding systems described exactly, and how can LE and FSA be
integrated at each level?

Figure 6 provides an overview of the hierarchy of the agricultural sector
of a region, involving a description of levels or units of observation,
corresponding systems and units of analjsis as well as the major subsystems
of each system. At each level, the unit of analysis refers to the
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subsystems of the system correspording to that particular level, e.g. at
the farm level, not the farm itself but the Interactions between the
subsystems - cropping, livestock and household systems - are studied and
analyzed. '

In figure 6, at the (sub)regional and farm levels only one sysfém is shown,
while within the farm three types of subsystems are shown, household
systems, cropping systems and livestock systems. These systems are
considered to be at the same level, identified as the ’'activity’ level, see
also figure 18 in section 6.1. It should be obvious that more types of
subsystems are possible, for example agro-forestry systems.

Figure 6. Units of analysis within a hierarchy of systems in the
agricultural sector of a region.

LEVEL/UNIT OF SYSTEM UNITS OF ANALYSIS
CBSERVATION
REGION reglonal subregions

recommalssance land units
economic sectors

SUBREGION subregional farm systems
land units
FARM farm system household system

cropping system
livestock system
parcels of lamd

HOUSEHOLD household system = consumption/child care
water and firewood
agricultural processing
off-farm work

PARCEL/FIELD cropping system crop systems
weeds/insects/pathogens
soil

HERDS /PASTURES livestock system animal systems
, pathogens
forage

______________________________________________________________________

In figure 7, a cormection is made between the hierarchy of systems as in
figure 6 and land evaluation and farming systems analysis, Figure 7 is also
based on figures 2 and 4. At each level, the type of analysis which either

49



land evaluation (box 2) or farming systems analysis (box 1} can or should

do, is indicated.

Box 2, in figure 7, shows that biophysical factors determine land units,

which are used by land use types. Together they form land use systems at
the (sub)regional level. Land evaluation at this level is carried out at a

recormaissance scale, see also section 4.2 on the sequence of data
collection. On the other hand, within the farm, at a larger scale, the
production factor land, as parcels (being land units within a farm), is

used in subsystems of the farm for, for example, the production of a crop.

Figure 7. Land evaluation and farming systems analysis in relation to the

hierarchy of systems in the agricultural sector.

Box 1

Level of farming
systems analysis
global analysis of
land use and types
of farming

(sub)regional im-
proved land use/
‘optimization'
analysis of farm
gystems ard of in-
teraction of sub-
systems

improved farm sys-
tems/within-farm
*optimization’
analysis of sub-
systems

_____________________________________

(Sub)regional system:

Farm systems:

Subsystems:
household cropping livestock
systems systems systems
(including
off-farm
work)

Box 2

Level /scale of land

evaluation

reconnaissance

lard evaluation:
-land units with
qualities
-matching

-land use types
with requirements

e

{semi-)detailed
land evaluation:
-parcels with
qualities
-matching

-land use types
with requirements

At this ‘activity/subsystem’ level, a more detailed (semi-detailed and/or
detailed, see section 4.2) lard evaluation can and should be done. The
results of this land evaluation should be incorporated in an analysis at
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the farm level (box 1) to determine the best mix of, for example, cropping
systems within the farm, in this way improving the farm system. If time and
data permit, an optimization of activities at the farm level can be
attempted, using for example linear progranming7. Subsequently, the results
of the (semi-)detailed lard evaluation, as well as the improved farm
systems should be incorporated in an analysis at the (sub)regional level to
determine the best cropping pattern within the (sub)region, improving land
use at this level. Again, if time ard data permit, an optimization of
activities and/or farm types at the (sub)regional level can be pursued,
using (multiple goal) linear programming, see sections 6.5 and 7.3.3,
Although the concept in figure 7 is not a solution to the 'larger scale -
smaller scale' problem, it indicates some of the relations between land

evaluation and farming systems analysis.

4.2, The 'LEFSA’ sequence

The integration of LE and FSA procedures in a 'LEFSA' sequence is
illustrated in figures 8a, 8b and 8c. This sequence relates to objectives,
data used and activities for five levels of analysis: national, regionmal,
subregional, farm and activity/subsystem. It shows the main tasks for LE
and FSA in relation to land use plamming and to each other. The 'ideal’
sequence of tasks runs from the national level, via the regional and
subregional levels, to the farm and activity levels and then back to the
regional and national levels. The sequence is iterative and in practice
should contain several loops. The sequence applies to a detailed land use
plamning process; for a more global analysis, it is possible to stop at the
regional or subregional level and then to go back to the national level. On
the next pages the LEFSA sequence will be outlined, then in chapter 5 an
example of an -imaginary- application of the sequence will be provided.
However, first some general remarks are made.

At the national and regional levels, LE ard FSA tasks can be conducted more
or less independently. Exchange of information is essential, however,

7 Linear programing and other optimization models are ’'luxury’
techniques, involving well-trained and experienced specialists and
requiring considerable time. Furthermore, these techniques are rather data
demanding.
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particularly at the regional level. In the selection of priorities for
further studies, close cooperation between LE and FSA specialists is

desirable.

The tasks at the regional level aim at the selection of priority subjects
and/or priority areas for further, more detailed analysis. This selection
takes into account broad potentials and constraints assessed earlier at the
national level. The choice of priorities and the rejection of less
promising options for development are based on both socio-econcmic and
biophysical criteria. Important in this commection are development
objectives. For example, socio-economically backward areas with
possibilities for improved land use and farming systems, or areas with
current land degradation problems, may be considered priority areas if it
is an objective to redress regional income disparities. On the other hand,
if increased efficiency is the main objective, areas with a currently
flourishing agriculture and further potentials may be considered priority
areas, while areas with steep, stony or rocky land, may be excluded from
further studies.

The complementarity of LE and FSA is most pronouriced at the sub-regional
level. The main objective at this level is the identification of projects,
programmes and policies that improve land use and farm systems. Solutions
to farmers’ constraints are identified by FSA, while the suitability of
land for (improved) uses is assessed by LE. When improved techmologies are
not available or not yet sufficiently tested, adaptive on-farm or on-
station research will be needed. This calls for a ‘research loop’, see
Young (1985). Information from FSA is used by LE for the selection of land
use types that are relevant to current farming systems and the socio-
economic context of the area concerned. FSA information is needed, in
addition to describing the selected land use types, in technical and socio-
economic terms. FSA, on the other hand, will benefit from information on
land resource constraints identified during LE.

A more complete integration of LE and FSA is required for the preparation
of plans that aim at the improvement of farming systems and land use at the
subreglonal level. This is complicated, because spatially defined, more
quantitative information from LE has to be combined with, in general, non-
spatial and more qualitative information from FSA. Some new methods that
may facilitate this integration will be discussed in chapter 7.
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The description of the LEFSA sequence follows below. The figures 8a, 8b and
8c, summarizing the different steps, can be found at the back of this
section. Figure 8a is also enclosed as apperdix 7 (loose), enabling the
reader to refer to it while going through the description on the next
pages. Figure 8a is a flow diagram, providing an overview of the whole
LEFSA sequence for land use plamming at all levels of the agricultural
hierarchy. Figure 8b shows the LEFSA procedures at the national, regional
ard subregional levels. The subregional level in figure 8b overlaps with
that level in figure 8¢, as this figure shows the procedures for the more
detailed analysis at the sub-regional, farm and activity/subsystem levels,
based on the results of the global analysis at the national, regional and
subregional levels according to the procedures in figure 8b.

The different steps of the LEFSA sequence are briefly described here. The
munbers used refer to the mumbers of the steps In figures 8a, 8b and 8ec,

1. Objectives (pational level).

Development objectives are determined by political and administrative
processes. See, however, section 2.1.2 and appendix 1 for the difficulties
with this determination. The national objectives should be considered as
'given’ for land use plamming at the regional level. National objectives
give a strong guidance to the determination of objectives at the regional
level, in conjunction with the specific circumstances of a region and the
goals of the different types of land users. The objectives are important
for the selection of land use types (6).

2. Socio-economic factors.
Socio-economic factors at the national and regional levels (e.g.

population, income and income distribution) are important for the
determination of the objectives (1), the first diagnosis of constraints in
land use and farming (5) and the preliminary land use assessment (8). Other
important elements in this respect are national and regional policies,
infrastructure and markets.

3. Agro-ecological zopation.
Land evaluation at the regional/subregional level (7) is preceded by an
inventory and analysis of resources related to the use of land at the

national level. This involves a broad description of the land resources,
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the agro-climatic or agro-ecological zones and an assessment of the
potentials and constraints. The agro-ecological zonation also influences
the broad selection and definition of land use types at the regional level
(6) ard has a bearing on the first diagnosis of constraints in land use and
farming (5).

4. Farming systems reseaxych.

There are important interactions between the analysis of farm systems (9)
and the analyses of land use types/activities/subsystems (10) and farming
systems research. In those analyses, problems and possible solutions are
identified which often need further, more detailed, research. Farming
systems research with the components on-station research, location trials
and on-farm experiments, is one of the means to find new or improved
methods to solve the problems that have been identified. Results of farming
systems research, and more in general of agricultural research, also
influence the first diagnosis of constraints in land use and farming (53).
Furthermore there is an important ’'research loop' (compare with such a loop
in the diagnosis and design approach for agro-forestry research in Young,
1985) from farming (sub-)system analysis (Y, 10), via farming/cropping
systems research to the refined and detailed selection and description of
land use types (11) for the (semi-)detailed LE (12).

5. Fi diagnosis of constrain n land use and farming.

At the regional and subregional level, a first diagnosis is made of the
present situation, as well as its development in the recent past, with
regard to the use of land and the ways and types of farming, emphasizing
possible constraints. This is important for the selection of land use types
(6), for a preliminary land use assessment (8) and as a first step in the
analysis of farm systems (10).

6. Broad selection of land uge types (reglopal level).
For the land evaluation at the regional/subregional level (7), a selection

of relevant land use types has to be made. This is derived from the
objectives (1), the agro-ecological zonation (3) and the first diagnosis of
constraints in land use and farming (5).

7. Re and evaluation.

At the regional and/or subregional level, a recormaissance LE is executed.
This consists of a lard rescurces inventory, including climate and bio-
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physical resources, a description of the selected land use types (6},
combined with a determination of the relevant requirements of each land use
type (in such a way that the land use types are described in qualitative
‘performance’ terms, or with inputs and/or outputs in quantitative physical
terms), a description and mapping of the land units, combined with the
determination of the land qualities of each land unit (in such a way that
the land units are ‘compound with a description of components and an
indication of the percentage of the mapping unit occupied by the
components) and finally the matching of the requirements with the qualities
to arrive at the suitabilities of the different land use types for the
different land units. The recommaissance LE is fed by the agro-ecological
zonation (3) and by the selection of the land use types (6). The results of
the recommaissance LE are used for an analysis of farm systems, the
subsystems within the farm systems and their interrelation (9, 10), for the
preliminary land use assessment (8) and for a possible (semi-)detailed LE
at the farm/activity level (12).

8. Prelimipary land use assessment.
The preliminary land use assessment at the regional and subregional level,

consists of a deseription of agricultural systems, of broad land use
indications and of a selection of themes and areas for further study. It is
based on the analysis of socio-economic factors (2), on the first diagnosis
of constraints in land use and farming (5), and on the recommaissance LE

(6).

If no further analysis at the farm and/or activity level is carried out,
the preliminary land use assessment is an end-product, It is useful for
policy-makers, administrators and land-users as a source for improvements
in their respective areas of work and influence (14). It is not, however,
based on a thorough analysis of farm systems and their components and on a
(semi-)detailed LE. It can therefore only serve as a basis for the
formilation of more general policies, programmes and projects (15). In
figure 8a this 'shortcut’ is shown by arrows from (8) to (15) via (14),
while in figure 8b the same is expressed by including a task 'plamning
improved land use’.

If further analysis is possible, results of the preliminary land use
assessment are used for the analysis of farm systems.
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9. Apalysis of faxm systems and interactjons of land use

a e te
In this task a whole farm analysis is carried out. A description and
diagnosis is made of constraints at the farm level and of the interactions
arcl the competition for scarce common resources between lard use
types/activities/subsystems. Possible solutions are indicated. For a
successful farm system analysis, it is necessary to group farms into more
or less homogenous categories. Such a category is called a farming system.
Several individual farms of such a category are studied. Each farm is
considered a system. The analysis of farm systems often leads to
recommendations for more in-depth farming systems research (4). The
analysis of the farm systems is followed by analyses of the main components
of the farm system (10). Results of these analyses are again integrated at
the farm level. The analysis of farm systems is one of the inputs for the
improvement of current farm systems and/or the with-in farm ‘optimization’
(13).

10. Anaglysis of land use types/activities/subsystems.
The whole farm analysis (9) is followed by analyses of the main land use

types/activities/subsystems of the farm system. Individual cropping,
livestock and household systems are analyzed to determine their constraints
and possibilities. There is a strong interaction with the whole farm
analysis. Also the subsystems analyses result in recommendations for
farming systems research (4), with a ‘research loop’ to the refined
selection and detailed definition of land use types (11). The analyses of
land use types/activities/subsystems are used for the refined selection and
detailed definition of land use types (11). Finally the results of these
analyses are important inputs for improvements of current farm systems
and/or the with-in farm 'optimization’ (13). The latter requires, of
course, a complete quantification of the relevant inputs and outputs.

For the (semi-)detailed LE (12), the selected land use types at the
regional level (6) have to be reviewed and refined. This can be based on
the results of farming systems research (4), the preliminary land use
assessment (8) and the activity level analyses of land use
types/activities/subsystems (10). The latter analyses provide detailed
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descriptions of the relevant land use types, including accurate definition
of the technology of the land use types.

12. (Semi-)detailed land evaluation.
The (semi-)detailed LE at the activity/subsystem level is based on the

previcus recommaissance LE (7) and the activity/subsystem level selection
of land use types (11). It describes, analyses and maps lard units and
their qualities in such a way that most land units are ’‘single with one
ma jor component and some inclusions’ and that the land units are part of
existing farm systems (being identical to parcels or fields of specific
farms identifiable on the land unit map) and that land use types are
specific with a detalled description of technology and management levels,
including cropping patterns and rotations. The specified land use types and
land units are matched to obtain suitabilities for each land use type for
each land unit. The results of the (semi-)detailed LE are used for
improvements of current farm systems and/or the within farm ‘optimization’

(13).

13, Improvipg current farm ems/within fatrm ‘optimization’.
Based on the analysis of farm systems (9), the analyses of land use types/
activities/subsystems and their interactions (10) and the matching of land
units and lard use types in the (semi-)detailed LE (12), current farm
systems can be improved, or when given time and data available, within farm
‘optimization’ can be attempted. The improved or ‘optimized’ farm systems
are an input for the improvement of land use at the (sub)regional level
(14).

Improved farm systeﬁs (13) are important for the improvement of land use at
the (sub)regional level; it should lead to a better cropping pattern, given
objectives and constraints, at this level. If time and data permit, an
‘optimization’ of activities and/or farm types at the (sub)regional level
can be attempted. The task of improving land use at the (sub)regional level
is the final step to a land use plan (15), which identifies appropriate
projects, programmes and policies to achieve the proposed future improved
land use,
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15. Land use plap.
The land use plan is based on the results of the step improving land use at

the (sub)regional level (15). It consists of a diagnosis of the present
situation with regard to the use of land, a description and analysis of the
future improved situation and the projects, programmes and policies
necessary to go from the present to the future situation. It prepares for

the necessary decisions with regard to projects, programmes and policies.

The above description of the LEFSA sequence is rather theoretical. There is
a need for an elaborated example in which the different steps are
substantiated on the basis of field data. In chapter 5 such an example is
outlined. This is based on a reinterpretation of a case study in regional
plarming for agricultural development in Sri Lanka (Polman, Samad & Thie,
1982). First, however, in section 4.3 an appraisal of the advantages and
disadvantages of the LEFSA sequence is presented.
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Figure 8a. LEFSA sequence for land use plamning.
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Figure 8b. LEFSA procedures at the regional and subregional levels.
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Figure 8c, LEFSA procedures at the farm and activity/sgbsystems levels,
. based En results of the regional and subregional levels.
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The complementarity of LE and FSA and the possible advantages for land use
planning of combining both procedures in an integrated LEFSA sequence, have
been discussed at length in section 3.4. A brief summary of the main
advantages of the LEFSA sequence is presented below, treating separately
the positive effects (1) on each of the component procedures (LE, FSA) arnd
(ii) on the expected relevance and quality of the information obtained for
land use plarming. In addition, some comments are made on possible problems
that méy occur when the LEFSA sequence is applied in practice.

Ma jor advanfages of 1EFSA for LE:

- LEFSA eliminates the problem that formal procedures for the selection
of land use types are lacking in all LE documents (see paragraph
3.1.5.). The diagnosis of farming, land use types and interactions
which is part of FSA (see figures 8a, 8b and 8¢, boxes 5, 9 and 10)
provides a basis for the selection of lard use types that are
acceptable to farmers, including labour considerations that are
normally neglected in LE.

- The diagnosis of farming, land use types and interactions, which is
part of FSA, provides, in addition, essential data that are needed for
the description of selected land use types.

- LEFSA includes procedures that promote links between LE and agronomic
research and directs attention towards socic-economic conditions
affecting the selection and description of land use types.

Major advantages of LEFSA for FSA:

- Agro-ecological zones maps and land evaluation maps show 'umits’ that
are biophysically relatively homogeneous; these umits can provide
(part of the) strata for farm surveys based on stratified random
sampling procedures.

- The use of recormaissance and/or (semi-)detailed LE information in FSA
helps to define target groups with similar biophysical production
opportunities as well as to select technologies that are adapted to
local (favourable or adverse) biophysical resources.

- LE provides information (estimations) with regard to the physical
sustainability of land use types.
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The use of LE maps in FSA adds a spatial element commonly lacking in
FSA. This makes it possible to examine more directly the possibility
of transfer of selected technologies to areas with comparable

biophysical resources as assessed through LE procedures, but not yet

covered by FSA.
The use of a geo-referenced data base, including data on land units

and their characteristics, as well as data on farm households and the
parcels used by these households, will allow a better use of land
resource data in FSA; this will require a proper recording of both
farmstead and parcel locations in surveys for FSA, however,

Major advantages of LEFSA for land use plamming:

LEFSA provides common goals to FSA and LE, i.e. improvement of farm
systems and land use (steps 13 and 14 of the LEFSA sequence); this
will guide data collection procedures and analysis in both LE and FSA,
thereby increasing the relevance of the information for land use
plarming.

The use of LE information in FSA procedures, and of FSA information in
LE procedures, as suggested in the LEFSA sequence, will improve the
quality of both procedures and thereby the quality of the information
provided by these procedures for land use planning.

The following problems might be expected when applying LEFSA in practice.

Integrating the spatial information produced by LE and the generally
non-spatial information which is provided by FSA may be difficult.
Further research is needed for this. Promising methods that may reduce
this problem are indicated in chapter 7.

Implementing a LEFSA sequence on the basis of contributions of
different agencies will require detailed agreements on activities to
be carried out, their level of detail, timing, etc., in order to
arrive at the desired integration. Such agreements may be difficult to
reach, for instance when different budgets are involved.

Although time and cost effectiveness can be increased by applying the
LEFSA sequence, compared to conventional procedures in which LE and
FSA are conducted more or less independently, information needs for
effectively improving farm systems and land use (steps 13 and 14 of
the LEFSA sequence) will remain high and demanding in terms of

personpower and time.
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- Theoretical and practical problems of combining analyses at a ‘macro’
level with those at a 'micro’ level. This applies to problems of an
ecological nature as well as to socio-economic problems.

- However grardiose the LEFSA sequence might appear, it still is a
'partial’ approach. It analyzes the agricultural sector of a region at
different levels, but in the way it does this, it isolates this sector
from other economic sectors (e.g. industry and services) and regions
in a country. Therefore, it might overlook problems and opportunities
in the non-agricultural sectors, as well as comparative
(dis)advantages of other regions.

In the next chapter, the example of the application of the LEFSA sequence
is provided. As stated before, this example is based on a reinterpretation
of a case study in regional plarming for agricultural development in Sri
Lanka.



S5, A LEFSA SEQUENCE CASE STUDY: MATARA DISIRICT IN SRI LANKA.

In section 4.2, the complementarity and integration of land evaluation and
farming systems analysis for land use planning via a sequence of
Interrelated steps - the LEFSA sequence - was presented. This was done in a
theoretical and prescriptive way. There is a need for an elaborated example
in which the different steps are substantiated on the basis of field data.
Such an example is outlined in section 5.3 of this chapter. It is a rather
lengthy example, but is considered essential for demonstrating an
'interpretation of the different steps in a particular case, and for making
clearer the meaning of the individual steps and the sequence as a whole. In
that way it is also possible to expose the strong and the weak points of
the proposed approach. To that end, this chapter ends with section 5.4, in
which the example is briefly evaluated. However, before embarking upon the
application of the LEFSA sequence to the case, some background of the case
1s provided. In section 5.2, the Matara district in Sri Lanka is
introduced, while in section 5.1, the origin of the case is presented.

32.1.

From 1979 to 1982 a team from the Agrarian Research and Training Institute,
Colombo, and the Department of Development Economics of the Wageningen
Agricultural University studied methods of agricultural plamming at a
regional level. The team participated in the preparation of plans for two
districts in Sri Lanka: Matara and Ratnapura; as well as in the monitoring
of the implementation of a plan in a third district: Kurunegala.

Matara was the first district to be studied. Field work was mostly done in
1980. Evidently the team did not follow the LEFSA sequence. It is therefore
useful to outline briefly the methodology used at the time of the plan
preparation. This also provides a comparison with the LEFSA sequence.
Following 1s a near quotation from Polman, Samad & Thio (1982: 5-6):

“The study basically followed a pragmatic approach to the optimal
utilization of resources. The mathematics used do not go beyond the

four basic arithmetic operations and the use of interest tables. The
procedure of plan formulation is based on the gradual exclusion of
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5.2.

possibilities for development, starting from the least removable
constraints and going on to constraints which are easier to relax or
those of which the relaxation is in the hand of the government. In
this order the following factors were scrutinized:

availability of land, water and human resources;

technical possibilities for crop production;

market constraints on crop production;

economic feasibility of crop production (profitability ard role
of crops in the farming system); and

social feasibility of crop production (attitudes to adoption of
new techniques of production and to change in cropping patterns).

pooe

1]

The examination of these potentials and constraints leaves one with a
range of feasible future situations from which an optimal one has to
be chosen which contributes most to the stated objectives of
development. The differences between the future and the present
situation and the bottlenecks which have to be eliminated indicate the
scope and nature of the projects ard programmes to be implemented and
the policies to be pursued. Once the projects amd programmes have been
identified two other constraints have to be examined:

f. financial means; and

g. implementation capacity.

These two constraints are not independent as implementation capacity
can be overcome to a certain extent if adequate capital resources are
available".

ta i : 97

To introduce the Matara district to the reader a rumber of further near
quotations from Polman, Samad and Thio (1982: 2-4) are given:

"The salient features of Matara are common to most of the wet zone
districts in Sri lanka., High population densities and man-land ratios,
a virtually stagnant non-agricultural sector and a labour force
dominated by educated youths, who camnot find suitable employment
within the region, are among the ocutstanding features.

Located in the southernmost part of the wet zone the district is
served by railway and a metwork of roads which make most of the
district easily accessible from the capital city and other principal
towns in the counttry.

Agriculture dominates the economy of the region, as is the case in
several other wet zone districts, the agricultural sector of Matara
exhibits a typically dualistic structure with a relatively well
developed state-owned plantation sector alongside a non-plantation
sector, in which a large mumber of private cultivators operates small
and medium sized holdings.

Agriculture centres on perennial tree-crops. Traditional export crops
such as tea, rubber, cocorut and cirmamon are cultivated both on small
holding and on plantations. Paddy occupies the first place among
ammual crops.

66



In a perspective, both regional and national, tea and cimmamon are the
crops which make the largest contribution to the economy. Matara
produces what has been classified as ‘low country tea’. Teas of this
quality fetch favourable prices and have good future prospect on the
international markets. According to the ’'Tea Master Plan’ the total
area under tea in the district ranks fifth largest in the islard. In
terms of the volume of production Matara is sixth. However, with
regard to the production of specifically 'low country’ teas, Matara
is, together with the neighbouring district of Galle, one of the two

principal producers.

Cirmamon is the other major crop of national importance cultivated in
Matara. The district accounts for 40% of the total cimmamon acreage of
Sri Lanka, but only about 25% of the national production comes from
Matara. Sri lanka supplies about 70% of the cinnamon traded in the

World Market."

"Paddy is the only amual crop which occupies a significant land area
in the district. In spite of a good rainfall pattern, adverse soil
conditions make Matara a poor rice growing district. The average
yields are among the lowest in the island. The high local demand and
low levels of productivity make Matara a paddy deficit district,
Consequently, rice has to be imported from other districts in order to

meet local requirements."”

"An area in which Matara district plays a role vital to the national
economy is its export of skilled labour. Literacy levels in the
district are very high. Many professionals or those holding important
positions in government and the administration are natives of the
district. Politically too the district occupies a place of

considerable importance.

Matara is not a poor district when compared to most others in the
country. Although no reliable information is available on districts’
incomes, evidence suggest that the Inhabitants of Matara are possibly
on average better off than those of most other districts in the

island."

"The availability of adequate supplies of water and fertile soils
conditions in most parts of Matara permits the cultivation of a large

variety of tropical crops,

Elevation is the main determinant of land use. In the low coastal zone
in the South coconut and paddy are the dominant crops. In the higher
elevations one finds cinmamon, rubber, tea and also cocorut and paddy.
In the Northern part of the district, which is located at higher
altitudes tea is the main crop. A wide range of tropical vegetables,
fruit trees and spice crops are grown in homesteads throughout the
district. Livestock farming is insignificant in the district except
for dairy farming which is being practiced on a limlited scale.

The district is densely populated with a long standing tradition in
crop cultivation. Population pressure on land is high. There is hardly
any possibility for the cultivation of new lands except for
recultivation of some abandoned scrub lands. Clearing of forest for
cultivation purposes would highly increase the risk of erosion.
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Matara district experiences much rainfall. The distribution of rain is
rather even throughout the year. Agriculture therefore is mainly
rainfed. Irrigation is not easy also because of generally rolling
topography. Paddy is the only crop which is irrigated. However, the

ma jor problem confronting paddy cultivation in the district is not
irrigation but drainage. Poor drainage is a constraint particularly in
low lying paddy lands. Improvement of drainage is very costly and the
possible increases in paddy yields are not substantial."”

5.3, e SA se e Mat

As an illustration of the LEFSA sequence, its steps will be followed to
present relevant information about Matara amd the plan for the development
of its agriculture between 1980 and 2000. The numbers of the following
sections refer to the mumbers of the steps as outlined in section 4.2, The
reader is also referred to figure 8a in section 4.2 or appendix 7 (loose)
to follow the steps on a flowchart. As it is an illustration, only major
points are mentioned. Most of the information is real in the sense that the
information is/was known (and in part used for the plan), however, some is
constructed as obviously the LEFSA sequence was not followed at the time of
the preparation of the plan. The latter especially applies for the (semi-)
detailed LE at the farm and activity level {12), the construction of
farming systems, which are more statistical ’'averages’ than real existing
systems, and the detailed subsystem analysis within farm systems (10).

5.3.1. Objectives,

An official document stating the national agricultural development
objectives does not exist. However, from different reports and statements
made by leading politicians and govermment administrations the following
national objectives can be derived:

1. self-sufficiency in food so as to eliminate food imports as far as
possible;

2. export expansion in agricultural produce, not orly from the
traditional export oriented tree crop sectors (tea, rubber, and
coconut), but also from minor-export crops such as cimmamon, coffee,
cloves and pepper; and |
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3. expansion of employment opportunities in agriculture, particularly for
the economically disadvantaged groups.

Applying these objectives to the agricultural sector of Matara,. it is clear

that the district has only a minor rele in the achievement of self-
sufficiency in food. However, the district can make a considerable
contribution to the expansion of agricultural exports. Also there is much

scope for creating additional employment in these export crops which are

generally rather labour {ntensive. By creating more employment for groups
or unemployed one provides benefits for
strict level an important

that are at present under-
economically disadvantaged groups. At the di
objective for agricultural development is, of course, the income obtained

by the different producers. A further consideration is the prevention of

erosion, especially by unwarranted deforestation and by the (improper) use
of some of the lard at the higher elevations, causing a deterioration of

the natural land resources and more severe immdation problems at the lower

elevations in the district.

The above leads to the following objectives for agricultural development at

the district level:
of production of export crops to contribute to the balance

best crops, the value added at

1. expansion
of payments; in order to select the
economic - border - prices is used as a criterium;

2. improvement of incomes through the expansion of agricultural
production in general, put in particular for small producers; the

criterium used for the selection of crops is the value added at

financial - farm-gate - prices;
3. employment generation; for the selection of crops, the criterium used
is the average labour demand; and

4. reforestation of severely degraded land.

not conflictive, as the most important
do generate value added per ha and

The objectives are to & large degree
crops tea, cirmamom, rubber and cocornut
employment per ha in about the same order. However, the best cropping

patterns differ when different prices are used, e.g. economic or financial

prices. So trade-offs do exist between the first three objectives. The

degraded land objective is treated as a constraint for all development

options.
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5.3.2, Socio-economic factors.

In 1981 Matara has a population of 643,494. With an area of 1288 km?, the
population density is 500 persons per km?, Population growth is only 0.2%
per year, due to the interaction of slowly diminishing birth and death
rates, and age- and sex-specific rates of out-migration. Hence, in the year
2001 the population is expected to be 673,000, with a population density of
523 persons per kn?. Based on an agro-ecological zonation (3), the district
is sub-divided into three sub-regions, North, Centre and South, see map 9.
For statistical purposes the limits of these sub-regions were approximated
with the boundaries of Grama Sevaka divisions, i.e. the smallest
administrative unit in Sri Lanka. The South is most densely populated with
1217 persons per kmZ, then the Centre with 432, while the North is least
populated with 273 persons per km?, The South is very densely populated,
especially the three miles wide coastal zone, where also Matara town is
situated. This coastal zone hardly has a rural character and is excluded
from agricultural planning.

Matara is characterized by high unemployment rates. In the slack
agricultural periods of 1981, unemployment is estimated to be as high as
45% of the labour force, while in the peak periods this is reduced to 25%.
(Un)employment is not evenly spread over the sub-areas. For example in the
North the slack unemployment is 44%, while in the peak periods there is a
labour shortage of 9%. This is mainly caused by the peak demand of the
dominating tea cultivation. Of the total labour force of 212,100 persons in
1981, 71,000 (33%) were employed in the non-agricultural sectors, mostly in
the South, while 46,700 (22%) found permsnent employment in the
agricultural sector. Permanently unemployed were 51,900 persons (25%),
while 45,500 (20%) could find employment in agriculture during the peak
periods.

The physical infrastructure in the district is well developed. There is a
relatively dense network of rural roads and public and private buses
comnect the major rural towns and villages. Input supplies are not a
bottleneck. On fertilizer there is on average a 50% subsidy. There are few
ma jor marketing problems with regard to agricultural products, except in
the case of tea and cimnamon. Due to the restricted tea world market (low
income-demand elasticity), the demand for tea is only slowly growing. As
Sri Lanka has a large share of the world market (about 20%), it should not
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increase the tea supply too much. Based on the room on the world market and
the share of Matara in the national tea production, it was estimated that
the tea production in 2000 should not exceed 27 million kg of made tea. A
Same type of reasoning applies to cinnamon where Sri Lanka has an even
larger share of 70% in the world market, the resulting market restriction
was 2.4 million kg of quills in the year 2000. Other marketing problems
arise around the export taxes and levies charged by the government. These
vary per product between 30 and 50X of the F.0.B. export price. Together
with Processing, transport and handling charges, this causes a considerable
divergence between econocmic border prices and financial farm-gate prices.

Map 9. A map of the Matara district, Sri Lanka.
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5.3.3. Agro-ecological zonation.

In order to specify the agricultural potentials and to localize the
projects to be implemented, the district is sub-divided into agro-
ecological zones Iin accordance to the generally accepted classification of
the Land ard Water Use Division of the Department of Agriculture. This
classification is made at the national level at a scale of 1:1,000,000, and
is mainly based on differences in rainfall and altitude. For Matara four
relevant agro-ecological zones are distinguished, which are specified by

their main characteristics as follows:

zone 75% expectancy of altitude 75% expectancy of terrain
anmual rainfall dryness in a
(inch) (feet} particular month

WMy >125 1000-3000  jan, feb steeply dissected,
hilly and rolling

WLy >100 <1000 jan, feb rolling and
undulating

WLy > 75 <1000 jan, feb ., rolling and
undul ating

Wiy, > 60 <1000 jan, feb, mar, aug undulating and
flat

WM = wet zone, mid country; WL = wet zone, low country.

Other information provided on the agro-ecological map are the major soil
groups and the 75% expectancy of rainfall in each month.

As the WM) and WL zones appeared very similar with regard to biophysical
characteristics, land use and farm types, is was decided to distinguish
for plamming purposes only three sub-regions, as described in section
5.3.2.

5.3.4. Farming systems research.

Farming systems research was not done in Matara district. Of course
contacts were established with the relevant agricultural research stations
and universities to find out possible techmological improvements in the
cultivation of the different crops. Also the functioning of extension
services was studied.
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5.3.5. First diagnosis of constraints in land use and farming,

Farming systems in the small farm sector in Sri Lanka are closely related
to the traditional three-way pattern of land use. The first element of this
land use pattern is the cultivation of valley bottoms usually referred to
as 'lowland’. Paddy is customarily cultivated in these lands urder water-
logged conditions and is ecologically the most suited crop for.such land.
The second element is the cultivation of the slopes and the ridges referred
to as ‘highland’. The highland is further subdivided physically into the
highlands proper and the ‘homestead’ which forms the third element of the
three fold system of land use. The homestead contains the dwelling and a
small area under 'mixed crops’, characteristically referred to as

"homegarden’ crops.

Traditionally, a farm consisted of all types of land use, or components.
However due to an increasing pressure on the land, farms are becoming

smaller as well as ‘loose’ components. In 1973 the following farm types
were observed as a percentage of the number of small holders:

- single component farms 52%
of which: homegarden  86%
highland 7%
lowland 9z

- two component farms 31%

- three component farms 17%

Evidently single component farms are predominant. These farms are in
general very small with an average size of 0.3 ha. The most important
activity is homegardening. Most of these farms are in the South, due to the
high population density. The small farms carmot produce enough for self-
sufficiency and the family members have to look for other sources of

income,

Matara district comprises about 100,000 small holders farming units. Five
major farm size classes have been distinguished: homesteads, micro-
holdings, small holdings, medium sized holdings and small estates. The
distribution of the number of farms and area over the different classes for
the three sub-regions is presented in table 10. For simplicity the
homestead class is combined with the micro holdings as this class (20,000
holdings with an average size of 0.07 ha) only occurs in the Scuth. In
addition to the private holdings there are state plantations, in the North

totalling 2,600 ha and in the Centre totalling 3,050 ha.
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Table 10. Number and area of farms per farm size class in each sub-region.

Farm size class

Sub- Micro Small Medium Small Total
region holding holding holding estates
0-0.5 ha 0.5-2 ha 2-4 ha 4-20 ha

T T T L e T T T e ——

North 1750 380 13000 14520 2000 5400 380 5300 17130 25600
% 10 1 76 57 12 21 2 21 100 100
Centre 19000 2850 22000 22425 2000 6000 550 9775 43550 41050
z 44 7 51 33 3 15 1 24 100 100
South 29000 3270 9000 8940 800 2140 200 2760 39000 17110
% 74 19 23 52 2 13 1 16 100 100

___________________________________________________________________________

Distriet 49750 6500 44000 45885 4800 13540 1130 17835 99680 83760
% 50 8 44 35 3 16 1 21 100 100

L o ke A R e A R T e R T P M R R e A e e e e e n e e e e A R T WP e MR W e o e e e R AL e e =

Source: Polman, Samad & Thio (1982).

In table 11 the average farm size ard cropping pattern of each farm type
(farm size class) is presented.

The ylelds of the different crops vary according to sub-region and farm
type. The present yvields deperd on cultivation conditions and methods, and
variety. There is ample room for improvements of the yields. The future
average possible yields are based on observed yields at present under good
management, and vary according to the suitability of the land units for the
different land use types. Below, the range of both present ard future
yields is given:

presentl future?
- paddy (kg/ha): 1000 - 2500 1800 - 4000
- tea, VP (kg/ha, made tea): 1200 - 1800 1350 - 2700
- tea, seedling (kg/ha, made tea): 250 - 1000 675 - 1600
- rubber (kg/ha, sheets): 600 - 850 700 - 1400
- cimamon (kg/ha, quills) 100 - 350 300 - 600

cocomut (rmuts/ha): 3600 - 5400 6000 -12000

Source: Polman, Samad & Thio (1982).
Source: Dimantha & Jinadasa (1981); and Moll & Schipper (1990).

B =
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Table 11. Average farm size and cropping pattern per farm type in ha,
Farm =zize class

Sub- Micro Small Medium Small All farm

region holding holding holding estates  types
0-0.5 ha 0.5-2 ha 2-4 ha  4-20 ha

T e o e o . e P W R e e e e W W N N e m e EE o m .

North

size: 0.22 1.12 2.70 13.95 1.49 .
pattern

-paddy 0.06 0.22 0.30 -

-tea - 0.40 1.70 10.79

-rubber - 0.07 0.20 1.58

-homest 0.16 0.43 0.50 1.58

Centre

size: 0.15 1.01 3.00 17.77 0.94
pattern

-paddy 0.08 0.31 0.70 2.00

-tea - 0.03 - 2.91

-Tubber - 0.12 0.70 4,00

-cimmamon - - 0.50 4.09

-cocommit - - 0.50 3.27

-homest 0.07 0.55 0.60 1.50

South

size: 0.11 0.99 2.68 13.80 0.44
pattern

-paddy 0.01 0.30 0.30 2.50

-rubber - - 0.38 1.00
-cinnamon - C - 0.20 3.20

-coconut: - 0.29 1.70 7.00

~homest. 0.10 0.40 0.10 0.10

District
size: 0.84

------------------------------------------------------------------------

Source: Klijn, Moll & Schipper (1990).

Based on the present cropping patterns, ylelds, use of material inputs and
hired power (buffalo or tractor) and labour inputs, one can estimate per
farm type in each sub-region the average land and labour productivities,
and the average gross farm incomes, in total and per family labour day.

These are presented in table 12.
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Table 12. Average productivities and gross farm incomes per subregion and

farm type.
productivity: value added gross farm income
per ha land per labour day total per labour day
Rs.l Rs. Rs. Rs.
North
Micro holding 2409 21 494 20
Small holding 7704 28 8444 28
Medium holding 11470 29 24494 38
Small estate 10686 24 66336 102
Centre
Micro holding 2520 16 331 14
Small holding 2996 22 2772 20
Medium holding 4595 27 10332 32
Small estate 5857 28 51278 156
South
Micro holding 1629 23 174 26
Small holding 2595 28 2344 25
Medium holding 4261 40 10342 45
Small estates 5279 40 47293 194

1 Rs.: Sri Lankan Rupees.
Source: Klijn, Moll & Schipper (1990).

As families could make use of the 'food stamp scheme'’ if thelr income was
lower than Rs. 3600 per year, this is considered here the poverty line. It
is evident that on micro holdings and small holdings one cannot make a
minimm living, except on small holdings in the North. As the wage level in
1981 was Rs. 15 per day, family labour earns more per day for the time
worked on thelr own farms then wage labour, except on the micro holdings in
the Centre.

The most important constraints to agricultural development are:

- limited amount of presently non-used land;

- for paddy cultivation: bog soils, imundations/drainage, hours of
sunshine;

- present land use with low productive tree crops with a lot of ‘sunk’
capital;

- very small farm sizes;

- land ternure system on paddy lands;

- market constraintg for tea and cinnamon;

- new investments in tree crops require considerable financial means and
signify foregone income losses during wunproductive years; and

- structure and functioning of the government administration and
institutions,
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5.3.6. Broad selection of land use types (regional level).

The 18 selected land use types mostly include crops presently grown in the
district, except for sedges and citronella (Dimantha & Jinadasa, 1981).
However, citronella had been grown two decades before, but was at current
Prices not attractive. Obviously, the land use types contribute in
different degrees to the objectives. Also obviously, the selection was
based on the present land use and the agro-ecological zoning. However, the
socio-economic aspects were not studied in extenso before the land use
types were selected, neither were they described and analyzed in great
detail. The description with regard to key attributes was in rather gross
qualitative categories. The following land use types (LUTs) were evaluated:

farm

farm

technical
know how

_____________________________________________________
---------------------

10.
11,
12.
13.
14,
15,
16.
17.
18.

in paddy fields

Lur capital
investment recurrent

tea high high
tea l medium low

. rubber high high

. rubber medium iow

. coconut high medium
coconut medium low

. paddy, irrigated medium  high

. paddy, rainfed medium  low

. pasture high high
pasture low low
minor export crops high medium
(cimamon, mutmeg)
minor export crops low low
(cirmamon, nutmeg)
anmual crops medium high
(e.g. maize)
anmual crops medium  low
(e.g. maize)
forestry low/high low
citronella high high
sedges medium  low
armual crops medium  low

marual
tractor
marusal /
animal
maral
marual

marnual

medium
high
medium
high
low
medium
low
high
low
high
high
medium

medium

------------------------------------------------------
--------------------



Apart from the qualitative information about the key attributes, the
technology commonly used was briefly described by referring to existing
known situations, like, for example, for LUT é - coconut: ‘existing
plantations, low fertilizer applications’.

5.3.7. Recormaissance land evaluation.

A qualitative, physically oriented land evaluation was executed at a scale
of 1:63,360 (one inch to a mile, which is the normal scale in Sri Lanka for
topographical maps), see Dimantha & Jinadasa (1981) for the full report.
According to table 2, a map at such a scale is classified as semi-
detailed. However, because of the very small farm sizes, it can be
considered as a recormaissance map. The district was subdivided into four
agro-ecological zones, in which 39 land units were mapped, based on present
land use and vegetation, rock class and soil group. The land units were
further subdivided according to slope class, resulting in 129 units for
evaluation. Following the FAO Framework (1976), the land use types were
matched with the land units to obtain a suitability classification.

The land suitability evaluation is only a physical one and no ecconomic or
social criteria were considered. Qualitative economic criteria were only
used for the brief description of the lard use types. The following land
qualities were taken into consideration:

moisture avallability;

nutrient availability;

oxygen availability;

resistance to erosion;

absence of salinization hazard;

absence of toxicity hazard;

availability of sufficient radiation;

avallability of a good harvesting period for rubber;

availability of a good ripening and harvesting period for paddy;

. bearing capacity for mechanization of paddy fields (trafficability);

. absence of flooding hazard;

. availability of sufficient land space to achieve optimum planting
density (rockiness); and

. availability of a suitable temperature regime.

=
NEOWOWOSIOAWL W
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Unlike the definitions of suitability classes in the Framework (FA0,1976),
four suitability classes were distinguished on the basis of physical
criteria only:

class I. suitable land where the combination of land qualities is

fairly optimal and no significant limitations are expected
in most years;
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class II. moderately suitable jand that has few limitations for the

considered land use;
class III. marginally suitable land where the land qualities grade so

low that there are fairly severe limitations for the

considered land use; and
class IV, wnsuitable land for a considered land use type.

The results of the land evaluation were summarized in tables per agro-
ecological zone, indicating the relative suitability of each la:'nd use type
for each land unit. For an example of such a table, see table 4 in
appendix 3.

5 3 8. Preliminary lamnd use assessment.

Concurrently with the land evaluation, a present land use map, also at the

scale of 1:63,360, was prepared, in which 20 categories of lard use were
distinguished (Dimantha & Jinadasa,
based on 1973-1978 aerial photographs (scale 1:25,000), adjusted and
updated by information provided by the Bagic Village Statistics, recent
sub-sector studies as the Tea Master Plan and the Rubber Master Plan, and,
of course, field checking. The present land use is sumiarized per agro-

ecological zone in table 13.

1981). This present land use wap was

Table 13. Matara: land use per agro-ecological zone in ha.
Agro-ecological zone

Land use WLy, Wiy WL Wiy District
Total apea 20,500 61,400 23,100 23,800 158-8(-}0“
Forestn T a00 6,000 6,000 22,700
Scrub lands 900 6,300 2,500 2,200 11,900
TOWI'LS, vil]_ages 800 100 - 100 1,000
Other non cultivated 800 700 - - 1,500
Totol oo iivated | 3,300 17,000 8,500 8,300 37,100
Paddy ) 3710 11,200 1,90 1,700 18,510
Tea ! 3,700 7,100 7,800 18,600
Rubber 500 7,300 1,700 500 10,000
Cinnamon 1,100 4,600 600 600 6,900
Cocorut 9,700 6,800 700 400 17,600
Others 2,200 10,800 2,600 4,500 20,100
Total cultivated 17,210 44,400 14,600 15,500 91,710
Of which in homesteads 6,500 12,600 3,100 3,600 25,800

------------------------------------------



The next step is to discuss the major crops. This involves per crop a
presentation of the major ways of cultivation, techneclogy applied, the
inputs and outputs, the possibilities and constraints for improvements, and
other problems. This is not elaborated here.

At this stage there are two possibilities. The LEFSA sequence is either
followed to the detailed farming systems analysis and the (semi-)detailed
LE at the farm and activity levels (steps 9, 10, 11, 12, and 13), or
directly to step l4 and 15. In the latter case one opts for a more general
or global analysis indicated by steps 14A and 15A. This path is followed
here first. Of course, that does not exclude a more detailed analysis in a
later stage.

5.3.14A. Improving land use at the (sub)regional level/
(sub)regional ‘optimization’.

On the basis of a comparison of the present land use in each land unit and
the more suitable uses as resulting from the suitability classification,
possible land use changes are indicated. A summary of such changes,
aggregated for simplicity, is presented in table 14, If a land use change
appeared economically attractive and socially feasible, a project was
identified. However, it can also be decided that the present land use is
the best one., Even in that case the tree crops age and will have to be
replanted some time in the future. This is precisely one of the constraints
of the present situation: especially in rubber and cocomut, too large a
proportion of the stands consists of trees that are, or soon will be, too
old. Another possibility is a change in the cultivation methods, e.g. the
introduction of fertilizer and, in the case of cocomut, a less dense stand
of trees. These possibilities have been appraised economically on & per
crop (land use type) basis, in combination with the identification of
beneficiaries, e.g. small holder tea ard rubber producers, and cirmamon
producers.

Other important constraints that have been taken into account were the
market constraints for tea and cirmamon, see under (2). The maximm ameunt
of marketable tea at present price levels, can be produced on the present
tea area of 18,600 ha - minus 1,000 ha of land that has to be reforested -
with yields of 1,350 to 1,600 kg of made tea, or on a smaller area of
10,000 with a yield of 2,700 kg. In the latter case, the remaining
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Table 14. Matara district, alternative land use types and their extends
(ha) based on land suitability evaluation.

[ L I ]

--------
------------------------------------------

------------------------------------------------------------
--------

...........
..............................................................

Coastal zone (WA} fenezal zone (WL2) Yorthern zeme (3L1 + ¥L1)
prgsen,t presem: et
land use alternative land yse alternative land use alternative

Total area 050 §1600 e
Tovs, non-cultivated 1660 100 100
Forest 300 9900 12000
Scrub lands 90 rubber (990) er §300  rubber (6300) or 4100 cocomst (70) and
caconut {900) coconut {6300) rubber {760)
Total, non-cultivated 3300 17060 1600
Pastu:es, patma grass i 1900
Paddy me 11200 30
Tree crops, pure stands:
-t . ] nfbber. cocomt, 14500  forest (1000), rubder
cinnamwe, pastures (600), coccunt (T600),
(3700 each) or cimamwn (13300),
citroneils {1600) pastures {13300),
citramells (3000)
* Tubber 510 coconnt {500) 700 cocomut (7300 200 eocomt {1100)
or tea (4000}
- cinnamon 500 3400
- cocomit 5400 rubber (5000) or 3000  cocomut + turd
cocomat + curd {5400) , (3000) or tea (200D)
sibtotal T 1% 1w
Romegardens, nized:
« cocomt 00 3800 1
- cima 0 100 forest (100} 1200  forest (1300)
- others 700 10560 5200
subtotal e 1550 750
Market gardens Ui : .
Total cultiated 170 44D 30100

...................................................................

---------------------------
-----------------------------------------------



area can be planted to cimmamon, rubber and/or coconut. In that case the
value added at economic prices is higher than for the first alternative,
but employment is lower. Hence, a trade-off exists between value added
growth and employment growth. The second alternative produces tea at a
lower cost price then the first one. However, from a private economic point
of view, producing tea at lower than possible yields is more attractive
than growing alternative crops. As it also appears almost impossible for
social or political reasons to force or induce tea small holders, private
estates, or state plantations, to uproot tea in favour of other crops, the
alternative of contimuing tea production on the present tea area was
proposed,

The following results with regard to the value added and the employment in
1980 and in 2000 were obtained:

1980 2000 % yearly growth
value added employment value added employment value employ-
Rs.* 10° days * 106 Rs.* 108 .days* 10°  added ment

subregion:

North 490.2 9.9 811.8 11.4 2.6 0.7
Centre 311.3 7.7 491.5 8.0 2.3 0.2
South 76.0 1.7 149.0 2.4 3.4 1.7
total 877.5 19.3 1,452.2 21.7 2.6 0.6

On the basis of these analyses, and further research with regard to more
detailed benefits ard costs, eight projects arnd a programme for
agricultural development of the district were identified (step 15A).
However, if the analysis would have been pursued in a more detailed fashion
(steps 9 to 13), the sub-region North would have been selected for further
analysis and planning, being the sub-region which can contribute most to
the growth of incomes and employment in an absolute way.

The above assessment of alternatives is based on comparisons of the results
with regard to the objectives, using simple arithmetics and interest
tables. However, the decision problem can also be approached with
optimization techniques like (multiple goal) linear programming. This is
illustrated with a very simple model, representing the main options and
constraints of the above problem.

First a list of the variables and constraints of the linear programming
model is given, the two goal functions are defined and a summary of the

82



results of the solutions is presented.

The matrices and the results in

detail are presented in table 15.

he linear programming models to

a) List of variables amd constraints of t
determine in principle the choice between alternative crops on the
present tea areas.
Variables (areas in ha):
TEVPHN  Tea, VP, high yielding (2700 kg/ha) in North )
TEVPHG  Tea, VP, high yielding (2700 kg/ha) in Centre
TEVPLN  Tea, VP, low yield (2025 kg/ha) in North
TEVPLC  Tea, VP, low yield (2025 kg/ha) in Centre
TESEN Tea, seedling (1600 kg/ha) in North
TESEC  Tea, seedling (1350 kg/ha) in Centre
CINN Cimmamen in North { 600 kg/ha)
CINC Cirnamon in Centre { 600 kg/ha)
RUBN Rubber in North (1400 kg/ha)
RUBC Rubber in Centre (1400 kg/ha)
COCN Cocormt in North (12000 nuts/ha)
€oCC Cocorut in Centre (12000 nuts/ha)
Constraints:
ARFAN Present tea area (ha) in North, disregarding 1,000 ha degraded
land
AREAC Present tea area (ha) in Centre
TEAMAR Tea market restriction (tons made tea)
CIMMAR  Cinnamon market restriction (tons of quills), taking into account
cinnamon production on other cinnamon areas :
RUBAREAN Maximum rubber area (ha) on present tea area in North
COCAREAN Maximum coconut area (ha) on present tea area in North
RETVA Return of value added in case of employment alternative
RETVAS  Labour costs in case of income alternative.
b + el ¢
e oA functions, either the value added in the

The coefficients in the goal

income alternative or the labour costs in the employment alternative, are
in Rs. * 1,000 per hectare. s stified to use labour costs in the
labour alternative, as the onstant (Rs. 15 per day) over all
activities. The coefficients in gosl functions are armuities of the net
present values at a 10% discount rate of the benefits and costs over the
life cycle of the crops, to the activities - the crops - comparable.

c :
)  Summary of results Cropping pattern Value goal functions
(ha) (Rs. * 1,000)

Alternative North Centre North + Centre
goal: Income Employment Income Euployment Income Employment
Crops:

Tea VP high 10,000 - ) -

Tea VP low - 13,753 ) 0

Tea seedling - . i 3,700

Cinnamon 1,167 147 ) ]

Rubber 600 - 3,700 -

COCOnut 27133 - - :

Total 13,900 13,900 3,700 3,700

% 1,000) 493,777 478,089

Value added (ammuities, RS % vioo 131,583 164,589

Labour costs (anmuities,
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Table 15. Linear progr
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Basically the results of the linear programming models indicate the similar
types of solutions as the marual calculations. This applies both to the
resulting cropping patterns and to the trade-off between the income and

employment alternatives.

It has to be emphasized that the improved (optimized) cropping patterns are

based on land use types as activities at the sub-regional level. These land

use types are not treated as sub-systems of farms. In fact, this is an
unwarranted abstraction or aggregation. At farm level, decisions about the

cropping pattern - the crops to be planted within the farm - are made on
the basis of an assessment of the gvailable resources, e.g. parcels of land
with different qualities, labour and capital, in conjunction with the
objectives of the farm household, like a maximum money income. In that case
the financial farm gate prices are important and not the economic prices,
and the market constraints do mot play & role, except that in the longer
run the prices could decrease because of an over-production at the (sub-)
regional and national levels. Other objectives'at the farm level as self-
sufficiency in food or minimization of risks might be lmportant as well. A
more correct procedure would be to first improve (optimize) the cropping
pattern at the farm level and subsequently improve {optimize) the
aggregated land use at the sub-regional level, given the cropping patterns

at the farm level. As it is in practice not feasible to do these

improvements or optimizations gimultaneously, it is advised to start with
the farm ievel, then to work at improving

evel and then to return to the farm level and
e can be ilmproved at

improved cropping patterns at
land use at the sub-regional 1
start a new round. After a mumber of iterations land us

both levels.

It is our contention that the jmprovement (optimization) of cropping
patterns at the farm level can only be attempted if the LEFSA sequence is
followed to the detailed farming systems analysis and the (semi-)detailed
LE at the farm and activity levels, in other words by following steps 9 to

13. This course is pursued shortly. However, it ig agsumed that a more
- going directly from step 9 to step 14 - is

global analysis, as described

also carried out, and that those results can be used as backgrourd for the
more detailed research, but also £or formilating a global land use plan as
a basis for preliminary decisions with regard to projects, programmes and

policies. This will be claborated first.
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5.3.15A. Land use plan.

In the agricultural development plan of the Matara district in Sri Lanka,
eight projects and a programme were identified, affecting 75,000 families,
mostly small holders, which corresponds to 60% of the rural population.
Also more employment for estate labourers, mostly females, is created
through the rehabilitation of tea and rubber estates. All projects, except
a cimmamon training programme, are directly related to land and they cover
36,000 ha, or 39% of the cultivated area. The projects are localized on a
project map at a scale of 1:63,360, the same scale as the land use and land
evaluation maps. The projects involve either a rehabilitation and
improvement of existing land use, or a change in land use. The first one is
the most important, as present land use is in general in accordance with
its suitability, as agsessed by the land evaluation, and because most crops
are perermials, for which uprooting and new planting involve high
investments. Total investment is more than Rs. 900 million. The projects
have a duration of 3 - 21 years, Assuming a scarcity value of capital of
10%, most projects are economically feasible. However, the ranking of the
projects differ, depending on whether financial or econcmic prices are
used. Most implementing agencies are existing organizations, although

reorganization is recomsended in some cases. The following projects are

recommerded:
families ha investment IRR gx) IRR (%)
benefi- Rs.* 10 financial economic

project cilaries prices prices
1. cimmamon rehabilitation 1,000 4,000 13 23 -
2. minor & medium irrigation

rehabilitation 9,300 2,700 5 21 -
3. estate rubber development - 1,300 41 14 20
4. estate tea development - 2,200 122 10 15
5. rubber new planting 7,900 7,900 199 10 19
6. livestock development 10,000 4,000 4 17 -
7. cimmamon peelers training

programme 1,000 - - - _
8. tea small holders 14,000 5,300 329 9 12
9, rubber rehabilitation 30,000 8,700 255 10 10.

5.3.9. Analysis of farm systems and interactions of land use
types/activities/subsystems,

Based on step 5 - a first diagnosis of constraints in land use and
farming - four farm types have been distinguished in each of the three sub-
regions. These were based on average farm sizes and cropping patterns
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surveys and aggregated per sub-region. It has to be

obtained from village
'real ! existing farm systems. For

examined whether these farm types areé
the sake of the argument that is assumed to be the case, although it is
pecialized than the average farm

known that in reality farms are more s
types indicate. For each farm type - farming system - & number of
representative cases will have to be studied. Below, an example of a

typical case of the medium holdings in the North of Matara will be
discussed. The information on thig farm system will be provided in

accordance with the checklist in appendix 5 as far as practical and

relevant.

1) Farm/household level.

The farm family, headed by a M. Wickremasinghe, consists of seven persaons,

man, wife, grai:d pother, two girls of 7 and 12 years, and twolboys of 9 and

16 years. The needs of the family consizgogf fgod»t.1 a hﬁﬁse,hgi;eyood and

suffi nses for , © othes, use itens,
icient money to cover expe rravel, and, above all, school

consumer durables (e.g. radio, bicyeles), .
uni forms a:u;aotﬁir(scgool requisites. The production goals of the farm are

therefore o produce paddy as @ basic food, and cash through t:l}e sale.of
crops like tez, rubber and, possibly, cirmamon. An additional income 1is

earned through off-farm employment.
f land, that can be cultivated during

The farm consists of four parcels ©
w Yala il to September and the Maha from Qctober to
et R o s ha, bunded paddy land in land umit 4

March. The first parcel of 0.3 ha, :
(according gorihep?semi-)detailed land evaluation)a;s planzed to

paddy in both geasons. Vegetables would be 3 good gfdn?t Yen;o v S
the yala season. The second parcel © 1.70 ha, highlmd n land unit 2, is
planted with tea. Alternative crops c<_>uld be rubbeg : Cll_mamoedn..'rhe third
parcel of 0.20 ha, also highland b;;: igcfyar:ﬁ qifhi; féu::ihpp:xx'lgel Et::
rubber. An alternative crop could tains the house and 1is planted

i . It com
homegarden of 0.30 in land mlt]_zke cocomut, vegetables, fruit trees,

with various homegarden cTOPS. ab
. iments; ternatives are envisaged.

plces and condiments; n¢ :lon ave available for farm work. The eldest son
attends a secondary

The farmer and the eldest
represents 0.5 male labour equivalent as he als;i.‘j female labour

resent
school. The wife and the grancci::ggz;’rzzs een hild care, ete, require 1.0

equivalent. Household tasks,
female labour equivalent.
with regard to the farming activities,

The farmer takes the decisions
; . ife 15 responsible for the homegarden
except for the homegarden, whi Tﬁeh;:r;.r and his wife both completed the
imary school, while

and the household activities.
. : re attending pri
primary school. The younger :ﬁgﬁ:gﬁ;;al college in Matara town. The

the eldest son is attending ' i
rtoent follows the 'Training and
extension service of the Agricg}?wiil];lgeﬂp:eangs in the village, which the
zes f the Tea Small Holders

Visit h and organi ;i
farmer :EEZ:SE regularly. AD gxtension off;ger o .
Development Authority visits the fard occasionsl
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2) Activity/subsystem level,

The individual land use types/activities/subsystems - here referred to as
activities to emphasize the economic aspects of these land use types or
subsystems - will be treated under step 10, on a per hectare base for sake
of comparison. In step 9 the emphasis is on the results of the activities
with regard to the objectives of the household, e.g. food production, cash
income generation or reducing of risks; the use by each activity of the
resources of the farm, e.g. land and labour; and the interrelations in a
biophysical and socio-economic sense between the activities, e.g. the use
of rice straw by cattle and the use of dung by crops. In this analysis, the
real 'size’ of an activity is taken intc account, e.g. 0.3 ha paddy, 1.70
ha tea, 0.2 ha rubber and 0.4 ha homegarden. Furthermore, the constraints
and problems encountered at the farm level are examined. An obvious example
is the limited availability of family labour, implying among other things
that the time spent on paddy cultivation cammot be used for tea
cultivation. Furthermore, the farm has to hire labour; as an example, in
the peak month October 143 mandays are required, while only 42 days are
available as family labour.

The contributions of each activity to the objectives of the household, as
well as the use of the main resources are given below. There are no
biophysical links between the different activities, i.e. that no output of
one activity is used as an input by another activity.

1. household activities.
See under 1) farm/household level.
2. off-farm activities.

The farmer regularly works as a casual labourer for a shopkeeper ard trader
in another village. If employment is available, he can work about eight
days per month at a wage of Rs. 20 per day, which amounts to Rs. 1920 per
year.

3, on-farm activities.

The present cropping pattern was outlined under 1) farm/household level.
First some details about each activity will be presented, then a summpary of
the contributions of each activity to the household goals and the use of
the resources will be given.

Agro-economic aspects per activity.

Paddy.

On the 0.3 ha, and assuming 1.75 harvests arrmually, the vol .
1,313 kg, equivalent to 850 kg of rice. As the fagily has 5?§Eégﬁgﬁzg§y .
equivalents, who each consume about 180 kg of rice per year, the
requirements for rice are 990 kg. So, production is not sufficient for the
household consumption. A further complication is presented by the land
termre system, see below.

On a annual basis, the value added of the paddy activity is Rs. 1 462 the

return to land, labour and capital Rs. 1,215 and total labour re
are 45 days, unevenly spread over the year. The gross margin of Egirements
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activity depemds on the amount of hired labour, which can vary from season
Additional costs to determine gross farm

to season and from year to year.
income are the costs for renting the land. Mr. Wickremasinghe is owner of
his land, but he shares this ownership with a sister and a brother in such
a way that each can use the land in tun for one year. This type of
customary ownership is called Thattumaru. As his sister and brother are
both married ard live in Colombo, they do mot cultivate the paddy land in
the years that they have the right to do so, but give the land in share
cropping to the brother who resides on the farm. The farmer has’to give 25%
of the yield in kg to his brother or gister, It is often hypothesized with
regard to Thattumary, that guch a type of ownership prevents each owner

he has to share the benefits

from making more permanent improvements, as
with the other owners. However according to the farmer, there is no such

evidence on the present farm according, except that the brother and sister
insist on receiving rice, which excludes the cultivation of, for example,

vegetables in the Maha season.

Tea.

Total production on 1.70 ha is 2550 kg of made tea, which gives a return to
land, labour and capital of Rs. 38,843 in cash per year. The total labour
requirements are 1173 days varying over the year more or less according to
the rainfall pattern. In the wet months 126 days are necessary per ha and
in the dry months 56 days. The gross margin of this 8ct1V1ty‘dt-apends on the
amount of hired labour. This can Vary from year to year. Additiomal costs
to determine gross farm income are the costs for renting the land. However,
Mr. Wickremasinghe is owner of his land, and in this case he does not have
to share the ownership with his brother and sister.

Rubber.

Anmual producti 0.2 ha is 170 kg of cubber sheets, which provides a
return E: 1an§m?a§§ur and capital of Rs. 1,903. Total labour requirements
are 33 days pe;: ha. There is mo fluctuation during the year. The gross
margin of this activity depends on the amount of h:!.red %‘:m- This can
vary from year to year. additional costs to determine the gross farm income
are the costs for renting the jand. However, Mr. Wickremasinghe is owner of
his land and also in this case he does not have to share the ownership with
his sister and brother.

Homegarderting.
rden are coconut (10%) and cirmamon
The most important crops in the MODEES  tee Eroit trecs.

. ; ther crops as Vege
(14%). The remainder is wcupéegh:yhgmestead production is for family

spices ard cmﬁimnts.otggzzio 1y some 15 gold. No inputs are applied. As

consumption, although is occupled by the house and used for play- and

0.1 ha of the homegarden od as homegarden, providing a return to
mostly in kind, except for

living ground, only 0.4 ba 18 us
! X 600 per year,
land, labour and capi:alc;f;:z-sol p gﬁr a total value of Rs. 162.

the cimnamon quills, whi
Contribution to the household
can sumnar

Returning to the farm level, on¢ °
actiVit;hl'gto the household goals. &3 well as the use

goals and resource use.

ize the contribution of each
£ the resources:
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contribution to use of

goals resources
food cash land labour
kg of rice Rs. ha days
off-farm:
casual labour - 1920 - 96
on-farm:
paddy 709 - 0.3 45
tea - 38845 1.7 1173
rubber - 1902 0.2 53
homegarden - 162 0.4 26
total 709 42829 2.6 1393

The production of rice is not sufficient for the household needs, but as
cash income is by local standards quite high, this can be supplemented by
buying rice. However, as family labour availability is not sufficient to
cover the labour requirements, labour must be hired at Rs. 15 per day. In
total the family has 2 * 250 labour days available for farm work, so at
least 893 days of labour have to be hired at a cost of Rs. 13,395. However,
due to the fluctuation of the labour requirements during the year, more
hired labour could be necessary. This is not the case here, as labour has

to be hired in all months.
Problems and possibilities.

No special problems are present at this level except those applying in
general to the agricultural sector in Matara, mentioned under step 5, and
those related the production of paddy, tea and rubber, mentioned under step
10.

5.3.10. Analyses of lard use types/activities/subsystems.

In the LEFSA sequence, as explained earlier, subsystems of farm systems aré
considered identical to land use types of LE at the (semi-)detailed scale
ard can also be considered as on-farm economic activities of the farm
household. The same example as under step 9 will be pursued.

In the farm system of Mr. Wickremasinghe, four subsystems can be
distinguished.

1. Paddy.
Agronomic aspects.

Soil preparation (15 labour days) consists of plou i

farmer does not own the buffaloes, but rents tﬁem gzigi.wzgg gzifﬁioeiﬁeThe
paddy is broadcast (2 days) in the mud. The variety used is the ' New
Improved Variety’. Fertilizer (5 days) is applied at a rather high do £
550 kg of NPK, Urea ard TPM. Weed control (5 days) is by chemicals wzzlo
also pesticides are used (2 days). Harvesting and processing takes 56 dae
Harvesting is by sickle, threshing takes place by treading buffaloes 7
Wimnowing is done by wind or hand fanning. About fifty small rice mills in
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the district transform paddy into musked rice, with a transformation

coefficient of 60-65%.

Agro-economic aspects.
Below, a simple input-output relation of paddy production in ome season on
one hectare is given. Each year it is tried to cultivate paddy in the two

seasons. Because of climatic variability, this is not a success every year.
On average, 1.75 harvests per year are possible.

per season per hectare:

2

Input-output relation for paddy
quantity price value

output
.9 4800
inputs
fertilizer 550 1.00 123?
other 2035
total
2765
value added 450
rent of buffaloes
return to land, 2315

labour and capital
Total labour requirements are 85 days.

Problems and possibilities.
i be expected
i i slight yleld improvements can
pecorsin to agramomsts, only L FEC ST el Tecause of
the restricted hours of sunshine.

2. Tea.

Agronomic aspects.

ihe tiiriitié the VP (Vegetatively ggop2§§§e:;ofype. and was planted by the
father of Mr. Wickremasinghe about 4

1 inpei be mall

e e o2, s e ave aleo secePtes, (VO oy, s

holders are not paid accordiﬂgoggse leigng:nd stalk. This results in an

2£:e21fr{ to plugﬁ§e2§n£ﬁgrie: orocessed py the five tea factories of the

r ow quali ]

Tea Small Holders Development authorlty ed

- i we

Becauzzeg;nﬁﬁe high leaf cover the VP tea Suppresses

Weeding is hardly necessary. )

- . a linear relationship exists
fertilizex ch Institute (TRI) yield per hectare, at least

ist of two leaves and a bud,

growth and

Ac Tea Resear . ;
cording to the i trogen applicationt tea: about 100 kg of nitrogen

between average £ made
Up to yleld levels of abov’ 2322 k%h;s relationship changggotﬁ abouﬁhﬁogz .
per 1000 kg of made ©e7. :f:?ogeﬁ at yield levels abovg 0 logoozg he mage
Eg of made tea per k%ogi 15 kg of P205 and 35 kg of K20 pe
and. In addition, &
tea is required.
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Mr. Wickremasinghe applies 200 kg NPK and 200 kg Urea and obtains a yield
of 1,500 kg of made tea per ha.

- pests and diseasges.

Pests and diseases are controlled by the use of pesticides developed by the
TRI against diseases as blister plight, poria, shot-hole borer and livewood
termite.

- pruning.

Pruning to maintain tea as a bush, to cut away infested branches and to
keep the bushes at the required height for plucking, takes place every
three years.

- plant density.

On one hectare of VP tea 12,300 bushes are planted, regularly 'infilling'
is required to avoid ’'vacancies’.

- replanting.

VP tea should be replanted after 40 years.

- manufacturing.

Manufacturing is done in 48 rather old factories, of which five were built
especially for small holders.

- labour requirements.

Plucking requires most labour in tea cultivation. On this farm 460 days per
ha are spent in this operation. All the other operations, weeding, pruning,
fertilizer and pesticide application, in short sundry, require 230 labour
days per ha.

Agro-economic aspects.
Below, a simple input-output relation for a year that the tea is in full
production is given. For decisions about establishing new tea plantations,

one has to take into account the investments, the years without production
and, consequently, the foregone income, and the aspects of credit,

Input-output relation for tea per season per hectare:

quantity price wvalue
kg Rs./kg Rs.

output
made tea 1500 16.50 24750
inputs
fertilizer 400 1.00 400
other 1500
total 1900

value added 22850
other costs -
return to land,

labour and capital 22830

Total labour requirements are 690 days per ha.
Problems and possibilities.

There are no problems with the tea on the farm of Mr. Wickremasi

However, VP tea has a higher yield potential (up to 2025 kg of made t

ha on the type of land where his tea is presently grown, see under stea Egr
than is realized at present. The plantation will have to be rehabil't:ped )
more inputs applied and management improved. This would involve a Hrared,
substantial investment, some years with a reduced income and probabl
farmer will have to give up his off-farm work, Alternati;el E 4 the
years till the moment that the tea has to be uprooted anywa;’ ne waits 10
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3. Rubber.

Agronomic aspects.

- planting material.

The rubber trees were planted 25 years 280 and are soon due for replanting

with rubber or for replacement with coconut. The present rubber is seedling
sfts are more usual, especially the clone PB 86.

rubber, but nowadays bud cf.
- density ground cover and soil conservation.

The father of the present farmer planted 70 trees on 0.2 ha, as
recompended. Ground cover is adequate and goil conservation mpeasures as
drains and stone walls were puilt by him and well maintained.

- fertilizer and use of agro-chemicals.

The use of fertilizer is about 100 kg per ha. As there is no evidence of

damage by the panel or root diseases no chemicals are used.

- tapping practices. . ,
The farmer applies the s/2 b/1 (half spiral, every §ay) tapping system like
most small holders, in contrast with the estates which tap according to the
S/2 D/2 system, that ensures a longer 1ife. As Fhe trees are becoming older
and less productive, the farmer considers changing the tapping system to
'slaughter’ tapping (28/2 D/1), also because presently prices are

favourable.

= intercropping. .

The rubber is not intercropped, although there are substantial
immature stages.

possibilities for intercropping during the
- rocessing and marketing. )
The fsrmer prgiésses his own rubber into tRibbed Smoked Sheets’ (RSS),
which includes three important stages:

a. coagulation with acid; . .

b. mil%gig through rollers into ribbed sheets; and

c. curing in a smoke house to dry and to prevent mould development.

The processing plant is Very spall with obviously a very low daily
production; in general sheets of 2 rather lov quality are produced that,
Consequentiy have to be sold for a low price. The sheets are sold to
dealers in the village.

Agro-economic aspects.
rring to a year that the rubber
ons about establishing new

ake into account the investments, the years
foregone income, and the aspects

i i fe

Below, a simple input -output relation, reé

is in full production, is given: For decisi

rubber plantations, one has to t o

without production and, consequently.

of credit,

Input-output relation per season per hectare:

i value
quantity ~Price

kg Rs./kg Bs.

o 13
. sheets of rubber 850 8.25 70
inputs 100
fertilizer 100 1.00 200
e 500
val tZﬁSid 6513
e

other costs
return to land,
labour and -capital

6513
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Total labour requirements are 265 days per ha.
Problems and possibilities,

A problem is the low quality and, consequently, the low price of the rubber
sheets. To improve this is very difficult or costly, given the processing
techmology at farm level. Prices vary in accordance with world market
prices which is at times rather brusque. Like most of the rubber trees in
the district, they are rather aged. Yields are declining already for scme
years and this will continue. Mr. Wickremasinghe decided that he will
'slaughter’ tap the rubber in view of the current good prices and because
he wants either to replant this area with budded rubber or start a small
coconut plantation. This would require an investment for which he can
obtain a subsidy.

4. Homegardening.

As said before, the most important crops in the homegarden are coconut
(10%) and cimmamon (14%). The remainder is occupied by other crops as
vegetables, fruit trees, spices and condiments. Most of the homestead
production is for home consumption, although occasionally some is sold. It
is estimated that one hectare of homestead provides a value added of about
Rs. 1500 per year for which the family has to work 66 days. No inputs are
applied. No special problems seem to exist. In general the impression is
that there is little scope for improving the homegardens.

5.3.11. Refined selection ard detailed definition of land use
types (activity/subsystem level).

On the basis of the more global analysis, described before (i.e. going
directly from step 9 to step 14 and 15 (14A and 154)), it is decided to
select the sub-region North for a (semi-)detailed land evaluation. In the
North, the potential for further growth of incomes and employment is the
highest of the three sub-regions.

Of the 18 land use types (LUTs) distinguished in the recomnaissance IE, a
number are not relevant anymore as they were classified as unsuitable on
most land units, or are unattractive at current prices from an ecenomic
point of view. The latter holds true for LUTs 4, 6, 9, 10, 13, 15, 16, and
17. However, from a scil protection point of view, LUTs 9 and 10 (pasture),
and 15 (forestry) will be evaluated. Not relevant is LUT 7, irrigated
paddy, as there is no scope for irrigation. Not suitable were the LUTs 2,
12, and 14. Hence, the LUTs 1 ('high’ input tea), 3 ('high’ input rubber),
5 ('high’ input coconut), 8 (rainfed paddy), 9 (‘low’ input pasture), 10
(*high' input pasture), 11 (‘high’ input minor export crops),
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15 (forestry), and 18 (armual crops in paddy fields) are relevant for a
refined selection and detailed description.

The land use types should be described in detail. This is not done in the
present example. However, most of this detail is provided in step 10 -
Analysis of land use types/activities/subsystems - except for fand use
types presently not practiced in the sub-region. An example is the VP tea.
Present yields are on average about 1,500 kg of made tea per ha, but can
easily be increased to 2,700 kg per ha - if on the best (S1) land - mostly

through applying more fertilizer (1250 kg in stead of 400 kg) after a
three-yearly pruning. Such a jump in fertilizer use, implies a change of
technique and, hence, another land use type. Obviously, such a new land use

type has to be described in detail.

5.3.12. (Semi-)detailed land evaluation.

An appropriate scale for aerial photo’s is 1: 10,000, which would permit a
map of the same scale, if a sketchmaster is used. At that scale areas of
about 0.25 ha can be drawn accurately on & map and are readable for g user

If more refined digital image processing is used, the areas in the terrain
can be as small as 0.10 ha. For readability, the map should be enlarged.

At this scale all farms in the sub-reglon can be mapped, except may be for
the very small micro-holdings consisting of only a home garden. In the

North, about 10% of the holdings, occupying 1% of the cultivated area, fall
into this category (table 10). In general, it would not be economic to

produce a map with the detailed parcels of all farms in a (sub)region. As
ouped into farming systems, detailed land evaluation

farm systems can be gr
(vhich would permit a delimitation and classification of the parcels of

individual farms) could be restricted to those farms that fall into the

sample of each farming system.

The suitability classification is again based on biophysical criteria. Land
use types are defined with & paximum normative yield, given a fixed input
and management level, urkler the best biophysical conditions in view of the
sub-regional circumstances. Following the usual grading of suitabilities
(e.g. FAO, 1976 & 1983), four levels are used, based on the range of the
tive yield. For computational convenience a

yield in relation to the norma
1ds is also provided.

point estimate of the yie
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Suitability level range of yield relative point estimate of yield

to normative yield at a relative to normative yield
adjective symbol fixed input level at a fixed input level
‘good’ 51 76% - 100% 0.9 % 100% =~ 90.0%
‘fair! 52 51% - 75% 0.9 % 755 = 67.5%
‘poor’ S3 26% - 50% 0.9 * 501 = 45.0%
'not’ N < 26% -

Contimuing with the example of the farm of Mr. Wickremasinghe, the four
parcels of his farm, and the relevant alternative land use types, are
classified as in table 16.

Table 16. Suitability classification of the parcels in relation to relevant
uses of a particular farm system (simplified).

et i L il T,

Altermative LUTs

land Present Season VP tea Cirnmamon Rubber Cocormut Paddy

unit LUT
Parcel
paddy land 4 paddy maha N N N N §2
-do- 4 paddy yala N N N N S2/83%
highland 2 tea both s2 51 N N N
highland 6 rubber both N N 51 s2 N
homegarden 7 homegarden both N N N N N

The suitability classification should be done for all farms per farming
system and for all relevant farming systems. This would give the
biophysical basis for improving the farm systems in the next step.

5.3.13. Improving current farm systems / within fayrm
‘optimization’.

For each suitability level of each land use types for each parcel within a
farm system, which is better than 'not’, agro-economic indicators have to
be calculated. Again the farm of Mr. Wickremasinghe will be the example.,

The agro-economic indicators of the different land use types within the
example farm are calculated in table 17. In the case of paddy, the
indicators are per season. In the case of peremnial crops, the economic
indicators are ammuities of the net present value of the differences
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between the benefits and the costs8. In that way the investment and the

years without production are accounted for. The interest rate used is 10%
Other interest rates give different results and might influence the '
relative attractiveness of the alternative land use types. However, it ig
assumed here that an interest rate of 10% is a reasonable estimate of the

marginal return to capital in the Sri Lanka economy.

Table 17, Agro-economic indicators, related to the suitabilityﬁlevels in

table 16.
LUT
VP Tea Cinnamon Rubber  Coconut™ Paddy  Paddy
normative yield (kg/ha) 3000 670 1560 13300 4000 4000
suitability level s2 st 51 S2 S2 83
estimated yield (kg/ha) 2025 600 1400 9000 2700 1800
labour use (manday/ha) 756/696% 359 200 93 83 65
economic indicators
at economic prices: (Rs.)
value added/ha 31172 9138 7600 5192 6032 2935
surplus/ha 21085 4695 5165 3921 4787 1960
value added/manday 41 25 38 26 73 43
economic indicators
at financial prices: (Rs.) '
value added/ha 16543 8537 2673 3771 2549 821
surplus/ha 6456 4094 238 2500 1304 - 154
value added/manday 24 24 13 41 31 16
turing for analysis at economic prices, excluding

* including manufac

manufacturing at financial prices as the tea processing is not done on
- the farm.

yield of coconut in nuts per ha.
In rm, there are two relevant decisions for the farmer. At the
higlfi‘[ll:n]i";ls-::e;ily with tea, it can either be replanted with tea or planted
with cimmamon. In the example in table 17, from the point of view of the
farmer - at financial prices - tea is more attractive than cimnamon with
regard to the value added per ha and the surplus per ha. Surplus is defined
here as the value added minus the labour use, costed at the market wage of
Rs. 15 per day. In terms of the value added per 1§bour day, there is no
difference. It is clearly advisable to contimue with tea. In this case
there is no significant discrepancy between an analysis using economic

NEV):
8 - Net Present Value (NEV) n (B, - Gp)
- T
<1 (1 + 1/100)F

Bt-benefits in year t, Cg=costs in years t, and

where:
i=interest.

- Anmuity (A) of NPV: 1,100
A = - NPV *
(1 + 1/100)™7 .1
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prices and one using financial prices. Also from the point of view of the
country as a whole, Mr. Wickremasinghe should contimue to cultivate tea.

The other choice concerns the highland presently with rubber, which is due
to be uprooted within two years. At financial prices, coconut is more
attractive to the farmer with regard to all indicators in table 17. It is
advised therefore to replace the rubber trees with coconut, alsec because
the farm has a shortage of family labour and cocomut uses less labour then
rubber. In this example, one can appreciate from table 17 that from a
national point of view, rubber is more attractive than coconut, at least if
value added or surplus per ha are the criteria. However, if the value added
per labour day - a measure for labour productivity - is more important,
then coconut would be preferred.

Following the longer term investment decisions, the farmer can design a
strategy for reaching that situation. In view of distributing the
investments over the years, as well as getting a plantation in which the
ages of the trees are more evenly distributed, the following could be a
possible approach. Starting from the 1980 situation, the farmer could
slaughtertap the rubber in 1981, replace rubber trees on (.1 ha by cocomut
in 1982, while continuing tapping the other half of the rubber trees. Then
in 1983, he could replace the remsining rubber trees by coconut. From 1984
omwards, the farmer could uproot each year 0.1 ha tea and replant it with
new VP tea. Obviously, such an investment scheme would require good
management with an exact registration, but it is expected that Mr,
Wickremasinghe, and soon his eldest son, are capable of doing that. It is
decided to continue paddy cultivation and the homegarden unchanged.

The above assessment for improvements should be done for all sample farm
systems and generalized for the relevant farming systems, if possible. As
an altermative to the above approach to improving farm systems, farm
optimization models could be designed, if substantial benefits over a more
conventional approach would be expected, and if data and time permit it,
Important is also that the farms themselves are not too complicated.
Especially complicated and/or cumbersome are dynamic models, in which the
results of one year (e.g. stocks, savings) are an input in the model of
next vear. This is, for example, the case with peremmial crops or agro-
forestry. Here it is not attempted to present a model of the example farm,
as that would become too complicated for an illustration, and outside the
scope of the present volume. The reader is referred to Hazell & Nortop
{1986) for an up to date text.

5.3.14B. Improving land use at the (sub)regional levely
(sub)regional 'optimization’.

Having assessed the improvements for all sample farm systems and
generalized for the farming systems, they should be aggregated to the
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(sub)regional level. If, for example, the farm of Mr. Wickremasinghe can be
considered representative for the farming system of medium holdings in the
Northern sub-region in Matara (however, see the remarks at the begiming of
step 9, and table 11), the results of his farm could be multiplied with the
number of farms in this category (2000, see table 10), to obtain the sub-
regional totals for this farming system. Doing this for all farming
systems, one obtains the aggregated land use, productions, incomes and
employment. If the sample farms are representative, this way of aggregation
is justified for (sub)regions that are not too ’'large’ in the national
context. large in the sense of its contribution to the national production
of agricultural commodities. In that case, the aggregated totals are not
likely to influence, for example, price levels. If a region is large, its
production, in relation to the production from other regions, influence
price levels. In that case, prices are no longer fixed, which is one of the
basic assumptions in plarming at the farm level. Other problems are
constraints that do not operate at the farm level, but are operative at the
regional level, for example labour availability, or markets. Often one farm
can hire labour without limits, or sell tomatoes in unlimited quantities,
but if all farms want to hire so much labour, it may simply not be
available and wages will increase, or if all farms start to produce
tomatoes, prices will drop or the tomatoes will be left unsold. If that is
the case, the farm plans will have to be adjusted. Such an adjustment is an
iterative process, switching between the regional - meso - level, or even
the national - macro - level, and the farm - micro - level. Because regions

are involved, it becomes even more complicated then just the differences
and micro-economics, as factors such as comparative

between macro-
ons have to be taken into account. The land units in

advantage among regi
ght be suitable for a certain crop, ecologically sustainable

but in other regions the production of this crop
mght be even more attractive, either in absolute terms or in comparison

with other production possibilities in the regions. Yet another
complicating factor is that at the regional level the agricultural sector

is not isolated from the rest of the economy of that region and of the

one region mi
and economically viable,

country as a whole.

In economics, the relations between analyses at the micro and at the macro
’

level are theoretically among the most difficult problems, even more so
when different regions are involved, and as yet unsolved in a satisfactory
ituations. The present document cammot even

way, certainly for practical s
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attempt to provide any guidelines in this area, except via adjustments in a

process of trial and error.

Theoretically there are possibilities for an approach through models at
different levels. One could develop different models for the farming
systems of a region, and incorporate the results of these models, with
regard to the objectives and the use of regional resources and constraints,
as activities in a model at the regional level. Up to now, this approach
has met with little success, see Norton & Hazell (1986). Much further
research is necessary in this area. It should be realized that such an
approach would be very data commanding and require much time amd qualified
personpower, each time the LEFSA sequence is applied, especially if reality
is so diverse that too many farming systems have to be distinguished. It ig
doubtful whether such efforts are justifiable from the point of view of
creating a better land use, more sustainable and with farm systems
providing a better livelihood for the farm households.

5.3.15B. Land use plan.

In step 15A, a global land use plan is created, on the basis of a

recormaissance LE (step 7) and a first diagnosis of larnd use and farming

(step 5), and by taking into account economic and social constraints, and

financial and institutional constraints. It contains specific projects and

a programme. As no detailed farm and activity level research was executed

for that plan, the following questions arise. Is a recomnaissance LE

detailed emough in its recommendations with regard to the suitability of

crops? Is enough known of the farming systems to make sure that, if the

projects are implemented,

a. participation of the farmers and their family members is probable, ag
they did not participate in the design of the projects;

b. crops to be stimulated fit into the farming systems;

farms are not more specialized than is assumed;

d. better description and analysis of the land use types/subsystems ig
not necessary to be sure of really good proposals to the farmers: apd

e. farm household points of view, and objectives and constraints
sufficiently are taken into account?

By following the complete LEFSA sequence (steps 8, 9, 10, 11, 12, 13, 148

and 15B), these questions can be better answered. Projects can be

identified with target groups whose situation is better known and who
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participated in the design. However, it is a question whether the complete
sequence should be done for all possible sub-regions and for all projects
identified during the more global analysis, or only for those that,

presumably, contribute most to the objectives. The last course seems to be

the most plausible.

Still the question remains whether the more detailed amalysis is really
necessary for formulating and implementing a successful land use plan. In
other words, is such a detailed amalysis not too time consuming and too
costly, in terms of personpower and financial resources, considering the

possible benefits in terms of incrementally (compared to projects
identified through the more global analysis only) better projects. This
apart from the question whether such an exercise is not too complicated. A
detailed analysis might be warranted if, on the basis of a more global
analysis, it is clear that the prospects for successful projects are
favourable, but that, in order to ensure success, more detailed information

is essential.

It has not been possible to elaborate in the present volume an example of a

possible detailed land use plan for a part of the Matara district, as this
would require much more research. One of the recommendations of this
document is to start a research project to see how the LEFSA sequence,

especially steps 9 to 14 and 15, can be applied in practice. It is of

course a pity that it could not be fully shown in the present volume how

the LEFSA sequence could work from the national level down to the farm and
subsystem/activity levels, and upwards again to a fully fledged

implementable - practical and acceptable for most farmers - land use plan,

Still, the elaboration of the sequence in a case study has been most
useful. In the next section some evaluative remarks about the application

of the Matara case will be made.

5.4, Lessons from the Matara case

lication of the LEFSA sequence to the Matara case has elucidated the

The a
PP ty and integration of LE and

main principles of the possible complementari
ful to bring to the fore some

FSA for land use planning. It is use
the reinterpretion of the available

preliminarj conclusions about
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information about (the plamming of the development of the agricultural
sector of) Matara into an application of the LEFSA sequence. The reader is
first referred to an overview of some comments with respect to each step in

the LEFSA sequence on the next page.

Generally, there was no difficulty in following the sequence up to the
regional and subregional levels, except for the none-existence of farming
systems research. Of course, there will always be different interpretations
as to 'where'’ to put ‘what’ information. It became more difficult and
cumbersome at the more detailed farm and activity/subsystem levels. Above,
in sections 5.3.14B and 5.3.15B, comments have already been made about:

1. the complexity of the ‘detailed’ steps; 2. the heavy information needs;
3. the person-power and time required; 4. theoretical economic problems;
and 5. model building. These will not be repeated here. However, the
following problems need special emphasis: how to group farming systems
(’enough, but not too many'), how to aggregate sample farm systems into
farming systems and how to aggregate improved.farming systems into an
improved land use at the subregional and regional level. New modelling
techniques might certainly be of help (see chapter 7), but the application
of these models should be feasible within the usual time and person power
constraints. In continued research arourd the complementarity and
integration of LE and FSA for land use plamning, these issues -
possibilities and problems of grouping and aggregation as well as the
feasibility of models - should be among the main topics of a research

programne .
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An assessment of the

application of the LEFSA sequence to Matara district.

B e e e kL
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6. INFORMATION COLLECTION AND INTERPRETATION

This chapter presents those aspects of information collection and
interpretation that are directly relevant to the LEFSA procedure. In
section 6.1 the issue of what data are needed will be addressed. Underlying
principles and processes in data collection are discussed in section 6.2,
Issues in survey method selection which are relevant in the LEFSA sequence
are treated in 6.3. The actual data collection in the LEFSA procedure is
examined in section 6.4. Finally, In section 6.5 the interpretation and
presentation of results are dealt with,

The following general literature is suggested for further reference:
Bryant, 1976; Casley & Lury, 1981; Poate & Casley, 1985; Casley & Kumar,
1988; and more specifically for FSA in: CIMMYT, 1980; IRRI, 1984; Mutsaers
et al., 1986. Various approaches and methods exist with regard to the
collection and interpretation of data on climate, landforms, soils and land
use for LE purposes and these are well documented in literature. Reviews
and/or examples can be found, for instance, in Vink (1973), Zonneveld
(1979) and Dent & Young (1981). However, there is a conspicuous lack of
similar documentation or literature on socio-economic aspects involved in

land evaluation.

6.1, nformatio irements for the acterization systems

Information requirements must direct data collection®. These information
requirements can only be properly defined in relation to the purpose and
objectives of each casel0. In addition, the selection of the amalytical
method is important. If one has not decided how to use the data one cannot
decide what data are needed, in what detail, etc. Though it sounds trivial,

9 Often 'data’ and ‘information’ are alternately used. However, in
this context 'information' indicates knowledge in the context of 3 decision
process or a commmication need. Data refers to recorded symbols either
representing information or providing information after processing.

10 The objectives of a 'study’ should not just be presented in general
terms, but also in expected output, defined with their scale in time and space.
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logistic constraints play a critical role as well. The question is often
more ‘what results can I usefully achieve given available resources’ than
‘what resources do I need to achieve a given result’ (Casley & Lury, 1981),

In this volume a central issue is: what data are needed to understand
systems (see also appendix 4). This begs the question what minimal
indicators or proxies are required. Apart from the questions of relevance,
detail and quality of data required, one should take note of the degree of
expected obsolescence of data, which is usually greater for socio-economic
than for biophysical data. The effect of agricultural prices on changes in

cropping patterns is a case in point.

The indicators (topics) relevant for the description and analysis of
systems for land use planning are summarized in figure.18, which is in
essence figure 7 with more detail. Figure 18 provides a starting point for
formilating the information requirements of land use plarming. These
requirements can be distinguished by relevant éystem level. Leaving aside
information requirements from the national and/or international levels,
data are needed from the regional and/or subregional systems, and from the
farm system and subsystems. The reglonal and subregional levels can be
subdivided into a societal or socio-economic part and an environmental or
biophysical part. The information requirements of these parts are presented
in more detail in part I and part II of appendix 5. Information

f the farm level, i.e. the farm system(s) and their

requirements o
components or subsystems, are presented in part III of the same appendix.

With reference to figure 18, the level in the hierarchy and the mapping
scale determine to a large extent the degree of detail. For example, a
description of a land use type at the regional level in a recomnaissance
survey will be more general than the description of a land use type or
cropping system at the farm level. Therefore, the information needs
discussed in apperdix 5, can only be indicative. The user will have to
decide for each particular application the relevance of each item.
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Figure 18. Information topics at different hierarchical levels of the LEFSA

sequence,

el et i R R R R R e s e i T T T e e T i,

(A) REGIONAL AND/OR SUBREGIONAL SYSTEMS {(REGIONAL AND SUBREGIONAL LEVEL):

Socic-economic part:

1

2.
3.
4.

. norms/beliefs

commmnity structure/politics

policies/programmes/pro jects

institutions: health/education
research/extension
input supply
credit
land tenure
cooperatives

. markets/prices: labour

. agro-industries
. farmer organizations
. set of farming systems

marketing boards

land

capital goods
current inputs
farm products

Biophysical part/land use systems:
. climate

. soils/topography

. water/irrigation
location/access

vegetation

land use:
crops/fodder/fishponds/trees
land use: animals
pests/diseases

[AARWIF R S

0 ~J

*

FARMING SYSTEMS (FARM LEVEL):

household

needs/preferences

composition, age/sex division
money availability

consumption

management: how, when and where
decisiong; who decides what

* farm

- goals

- land: availability per unit

- capital items

- labour: availability (age/sex)

- management: how, when and where
decisions; who decides what

1.

household production 2. off-farm

~child care

-collecting water -renting
and firewood of land
-cooking capital

-artisanal activities

-off-farm work

HOUSEHOLD, CROPPING, AND LIVESTOCK (SUB)SYSTEMS (ACTIVITY* LEVEL):

3. on-farm (land use types)
-crop activities

out -livestock activities
and -forestry activities
-others (fishponds, ete.)

Activities are used in this figure and in the text as equivalents to

‘(semi-)detailed’ land use types and to 'farm level’ subsystems, and

used in an economic sense: within activities, inputs (land + labour +
money + capital items + cuwrrent inputs) are combined together with a

technology to produce outputs. '

inputs are coming from the farming system, or from other

activities, or from outside the
and/or subregional systems.

farming system, i.e. the regional

outputs are going to the farm (household consumption), or
exchanged with regional systems (product markets); or 'feedbacks’
are being felt at the (sub)regional system(s), both in the socio-
economic part, as well as in the physical-biological part.

106



Finally, the base line from which one starts data collection can be very
uncertain. Available information, pertaining to the same region and time
period, is often conflicting. Table 19 illustrates this for various
categories of land use in West Java (Sudarna, 1989). As the table shows,
even an allegedly well-defined category like irrigated paddy shows up to a
60% difference in area commanded between various sources.

Table 19. Land uses in West Java according to different sources.

No Land use hat % ha 4 ha % ha ¥
1 Irrigated paddy 769 17 1132 26 897 21 1230 28 N
2 Rainfed paddy 439 10 272 6 309 7 - -

3 Dry fields 407 9 1018 23 986 23 670 15
4 Mixed cropping 853 19 - - - - 572 13
5 [Estate crops 313 7 329 8 367 8 447 10
6 Forest 802 18 889 20 219 5 968 22
7 Grass land - - 63 1 63 1 - -
8 Lakes and swamps 68 2 84 1 48 1 S
9 Settlements 372 9 39 8 407 9 265 6
10 Unproductive land 163 4 82 2 76 2 - -
11 Others 219 5 190 4 - - 265 6
Total 4405 100 4418 100 3372 100 4417 100
Sources: 1) DOA, Directorate of Agrarian Affairs, West Java (1984)
2} West Java Irrigation Project {1986)
3) CBS, Central Bureau of Statistics (1985)
3) 4th Fyp, Fourth Five Year Plan of West Java (1984).
Notes: #) hectares * 1000
%) included in 11.

6.2. Wﬂnﬁﬁmﬂlﬁﬂm

The following principles structure the process of information collection:

i. The 'fumpel' principle. There is a hierarchy of surveys, parallel to

the hierarchy of systems (national, regional, etc.). Most of the
survey methods considered here, are located along a simple contimum:
at the one end the relatively unstructured approaches to data
collection, where the investigator has not yet arrived at the

identification of problems and issues; at the other end the far more

types of approaches where the Field of enquiry has been

focussed
clearly delineated. The objective is typically either to measure
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ii.

iii,

certain phenomena or to determine whether certain anticipated
relationships are actually valid or not.

The subsequent investigations follow the furmel principle inasmuch as
they start broadly (at national level) and end with a narrow focus (at
local level) in a step-wise procedure. The whole of figures 7 and 8
can be treated as a furnel, but at each level separately the furmel

principle is applied as well.

The LEFSA sequence entails that data collected at one level (outputs)
are entered as inputs for the next level, leading to iterations ard
loops (even if not indicated in the figures by double arrows). The
integrated LEFSA approach does not strictly follow a sequential
approach, but is typically iterative within and between levels of
analysis. This approach implies great flexibility in survey design and
its actual conduct.

Ihe principle of multi- and interdiscipliparity. The integration of

bio-physical and socio-economic information is always difficult, as
many factors constrain effective interaction. These constraints meinly
lie in the nature of disciplines and the nature of lknowledge (natural
versus social sciences) on the one hand, and on the other in the

nature of the problems encountered in the development process (Luning,
1985).

Multi-disciplinarity often does not go beyond a summation of the
contributions, made by each discipline, which is not really
integration. In contrast, inter-disciplinary work requires that the
participants make use of their disciplinary perspectives, but their
view of reality should not be constrained by that discipline. In
inter-disciplinary work the specialist must ‘unlearn’ the pre judices,
originating from his own discipline and reposition himself, starting
from the real world situation, i.e. the ’‘problem’, formulated on the
basis of a shared conceptual framework.

The only way to break the barriers between specialists belonging to
groups with different paradigms, scientific cultures and research
styles in data collection and data processing is to reach agreement on
the expected accuracy of the basic data and results. An important step
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to achieve integration is to concentrate on the nmature of the data
matrix, which serves as a framework for the whole LEFSA sequence. This

implies common units of research and agreement on variables used.

with

1]

iv. Geo-referenced qua itati informa : @ mbi _
qualitative information. As has been pointed out, much of the
information collected in FSA is qualitative in nature, derived from
descriptions, historical documents, case studies, group interviews and
even participant observation. This kind of information must be

carefully linked with geo-referenced LE data.

Cost-effectiveness should be adhered to. A common constraint is the
level of available survey resources (manpower, skills, budget, time,
transport, etc.). Clearly, there are options and trade offs between,
for instance, coverage and depth of surveys, which may greatly effect
the quality of data. Given a fixed level of research funds and other
resources, the question should be posed, for example, whether data on
crop labour requirements and yield data can meaningfully be obtained
from a single visit survey of informants. The opportunity cost of time
spent on different types of surveys should be assessed seriously
before embarking on any particular study. Cost effectiveness is also
underlying Chamber’s (1983) celebrated two 'principles of optimal
ignorance':

- to know what is not worth knowing; and

- proportionate ACCUracy. recognizing the degree of accuracy required.

The latter is important in case a system (or part of it) is studied,
like in the LEFSA procedure. What is the use of measuring a particular

variable to the third decimal if the variable to which it has to be
related can only be produced in rounded figures of thousands?

Stratification in sampling is a ‘cost-reducing’ tool. Effective

stratification can reduce the sample size required for a given level of
accuracy. Moreover, stratification is an important multi- and
interdisciplinary activity. It applies both to bio-physical parameters (for

instance the delineation into‘agro-ecological zones, see for example
Jaetzold & Schmidt, 1983) and socio-economlic factors (landlord-tenancy,

gender, farm size, etc.), separately and in combination.
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6.3. Issues in syrvey method selection

Often the issue is not only what alternatives to choose from, but also how
to conduct a structured set (a hierarchy) of surveys, as briefly described
under the furmel principle in section 6.2. There are also very specific
survey methods and techniques, as in farming system analysis and research
(on-station research, location trials, on-farm experiments, see step 4,

figures 8a, 8b and 8¢).

In LEFSA the choice of survey method is intimately linked with the
sequence. In what follows the reference mumbers are those of figure 8a, 8b

and 8c.
6.3.1. Formal versus informal methods.

In the last decade significant progress has been made in the development of
informal survey methods, they are known under the name Rapid Rural
Appraisal. Rapid Rural Appraisal is defined as an investigation used as a
starting point for understanding a local situation; carried out by a milti-
disciplinary team, lasting from approximately one to four weeks, based on
information collected in advance (secondary data), direct observations and
interviews where it is assumed that all relevant questions canmot be
identified in advance. The latter point needs to be emphasized: the key to
Rapid Rural Appraisal is to move to the main problems. opportunjties and
actions. As pointed out in & seminar in 1987 at the Khon Kaen University,
Thailard, three aspects of Rapid Rural Appraisal are particularly
important: it is explorative in character (flexible, open-ended), it is
practiced by a milti-disciplinary team and it is preoccupied with rapidity
in learningll. Rapid Rural Appraisal has been practiced under various
names: exploratory survey, preliminary, informal survey, sordeo: see among
others, Hildebrand, 1981; Collinson, 1982; Khon Kaen University, 1987).

11 Rapid learning requires iteration: progressive, repetitive or
cyclical learning methods.
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6.3.2. Hierarchy of surveys.

Linked to the various steps in the sequence (from national to local
systems) there are particular types of surveys. A logical sequence is as

A

follows:

1. Secondary data collection, etc.
This includes checking the quality of these often statistical data
(see Zarkovich, 1966). This activity is carried out in steps 2, 3 and

5 of the LEFSA sequence. Sources of conflict are usually related to
definitions, differences in the adopted systems of work, possible
biases. To handle inadequate, conflicting data, one should combine
different methods and sources, such as (internal) cross-checking,
sensitivity analysis, imdicating explicit margins of error, carrying
out consistency checks and operating on orders of magnitude.

Rapid Rural Appraisal/informal /exploratory/recomnaissance survey,
This is carried out in steps 5, 6 and 7 of the LEFSA sequence. It
should be borne in mind that the Rapid Rural Appraisal type of survey
in LEFSA is not necessarily restricted to soclo-economic data
gathering, but includes rapid natural resource surveys as well. For
instance, inspecting an area by (ultra-)light aircraft (preferably
with a mounted video camera) or using Landsat imagery may be the
obvious Rapid Rural Appraisal for a particular situation. Rapid Rural
Appraisal studies show how proxy variables and small sample methods
can be employed to appraise aspects of the physical enviromment, which

are normally assessed by longer, more expensive methods. Gase

studies known pertain to soils, plant imdicators, erosion.

An interesting case has been worked out by Conway (1985b) in the
analysis of agro-ecosystems in N. and N.E. Thailand. An important

phase of the procedure is pattern analysis, i.e. space, time, flow and

decision patterns were studied. It ‘leads into a discussion of system

properties and a common agreement on what constitutes the most

important contributing relationships and variables’.

One may stop data collection at this juncture, as the expected
benefits of a lengthy extended or formal survey may be small. In
" .ing o and informal survey techniques for FSA, Franzel &
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Crawford (1987) found in a particular case study from Kenya that the
contribution of the formal survey was marginal relative to its costs.

3. Lengthy extended survey.

This survey, which is 'further down' the furmel, centers on those
elements which have been identified and singled out for further study
during Rapid Rural Appraisal. These could be studies of constraints
(see for instance field guidelines on cropping systems, etc. by IRRI,
CIMMYT, IITA). These typically FSA (and FSR) oriented analyses have a
parallel in the LE studies where crucial land requirements and land
qualities (both constraints and opportunities) need to be assessed in
detail. The steps 9, 10, 1l and 12 are usually all of the lengthy
exterded survey type and are mostly of a partial nature, studying
components/elements of a (sub-)system. We will return to this in more

detail in section 6.3.3.
6.3.3, Survey methods and information gathering techniques.

Clearly, techniques are related to methods and these depend on the type of
survey arnd the use to which information is to be put. A major decision in
socio-economic surveys lies between single and multiple visits. The former
is cheapest, but may lead to superficial output of poor quality. Accuracy
can be improved by returning to respondents, but with limited survey
resources (budget, persomnel, equipment, time) there is evidently a trade-
off between coverage (many single-shot visits) and depth (limited number of
informants, more frequently visited). One may decide to employ case studies
of a few respondents (often in combination with a lengthy extended survey
based on stratified random sampling), where detailed understanding of
complex relationships is considered more important than ensuring the
representativeness of the data collected. One may opt for repeated, regular
visits for particular periods/seasons, where an accurate record is needed
of, for example, female labour use in farm and household, draught power
use, yield measurements. For many purposes we would prefer time series
data, but have to contend with cross sectional data. One needs to be
particularly conscious of this in agriculture. How did agricultural
conditions in the survey year compare with other years? (Mettrick, 1983),
One should consider whether to select the individual informant, a family or
a group of respondents. The latter is useful to detect differences of
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opinion and it may stimulate debates. In Rapid Rural Appraisal the key

informant plays a central role.

In land inventories for LE, the tools used, determine to a large extent the
cost-effectiveness. The use of remote sensing data (aerial pﬁgtographs,
satellite imagery), for instance, can substantially improve the cost-
effectiveness of the inventorles. The interpretation of remote sensing data
makes it possible to delineate relatively homogeneous areas with respect to
landform, drainage and land cover properties. These areas serve as 'strata’
for field data collection programmes in which ’‘stratified random' or

'purposive’ sampling procedures are applied.

The fieldwork that follows includes:
i. checking the validity of the interpretations made; and

ii. collection of additional data, which can commonly not be interpreted

from remote sensing images, by means of sampling,

Sampling generally includes:
visual observations on micro-relief, soil, plant types/commnities,

i.
sheet and rill erosion features, etc. and/or the variability of such
features within the interpretation units or strata; and

1i. interviews with local land users/farmers on management practices and

type and amount of products extracted.

The cost-effectiveness of the use of remote sensing data deperds, to a
large extent on scale. In small scale (e.g. recomaissance) inventories,
the saving of time and costs by the use of such data will commonly be very
high. In very detailed surveys, the use of such data may contribute only
little to the efficiency of the data collection. The use of satellite
imagery has proven its utility, particularly in small-scale inventories. In
more detailed inventories, such imagery can also be useful when it is used

in conjunction with aerial photographs because it often contains data of
other seasons and/or years that carmot be interpreted from airphotos of the

same area.

In surveys for LE, the combination of 1) observations on biophysical

properties of land with ii) farmers’ interviews on the same sites,

has proven to be extremely useful;‘it provides a data set for the analysis
of relations between land qualities, crop and soil management and estimated
crop ylelds. The results of such an analysis provide valuable local
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experience and knowledge which can greatly contribute to the realistic
assessment of the suitability of land for various uses in the area
concerned.

Data-related criteria must also be mentioned. Lipton & Moore (1972)
distinguish: registered versus non-registered, and single point versus
continuous data. Registered data is concerned with, for example, the number
of bags of a certain type of fertilizer bought for rice cultivation. An
example of non-registered data is the amount of farm mamure used last vear.
Single point data refer, for example, to a particular action at a fixed
point in time (hired contract labour to do the first weeding of maize)
versus continuous data: events that continue over time like the application
of family labour on the farm, are unlikely to be recalled. In designing
questiomnaires (see below) this distinction is often ignored and survey
questiomnaires (which are used in lengthy extended survey) show in many
instances that one greatly underestimates and ignores the difficulty (and
often the sheer impossibility!) of obtaining non-registered and continuous
data. If one really requires them, the only solution is by farm-record
keeping and/or direct observation.

6.3.4. Bias and error in surveys.

Whereas the unit under investigation is flexible in Rapid Rural Appraisal
(usually there are various types of resource persons), the more detailed
and structured surveys are directed to randomly or purposively selected
observational units. The choice of the observational unit is important.
Broadly speaking one could take as point of entry the (farm) household or
the parcel. The latter is useful in LEFSA: geo-referencing and the use of
'sample areas’ leads to better insight in the relations between household
resources and land resources. However, difficulties often arise in locating
the owner/tiller of farm parcels. Other observational units could be the
irrigation block (tubewell), a coffee cooperative, a land wunit, etc,
Objectives and purpose direct this choice. The choice of the sampling frame
(in lengthy extended survey) is a crucial one and a clear definition of the
target population or target area is required. The essential and most
important feature of a sampling frame is its completeness, since it
represents the ‘universe’ from which individual sample units must be
selected. It may contain both bias and error.
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Bias. Bias occurs in survey design, in sampling, in the response to surveys
and in the subsequent steps of recording, analysis and reporting. In Rapid
Rural Appraisal, open-ended checklists of issues are used and built-in

cross-checks by interviewing different types of resource persons can
greatly reduce bias. In lengthy extended surveys it is usual to work with a

list of households, which often comprise a considerable amount of bias,
e.g. if derived from extension workers' list. As Casley & Lury (1981)
observed: the construction of a (new) frame is so expensive and time
consuming that it 1s usually necessary to use what is available, at least
as a starting point. As regards bias in the response, memory blas has been
mentioned in relation to non-registered and contimuous (flow) data, often
caused by seasonal phenomena. There are many other sources of bias as well,
such as road-side bias in interviewing (see Chambers, 1983, for a more
exhaustive treatment). Another, often ignored bias is caused by the
differences in conceptualization (Best, quoted in Mettrick, 1983) due to
substantial cultural and educational differences between respondent and

interviewer.

Errors. Two major sources occur: sampling errors and observation errors. In
designing the survey one should aim at minimizing these two sources of
error. Random sampling (see appendix 6) should reduce sampling errors, but
it must be realized that observation errors may be by far the most

important source of error.

A practical issue is how much variability one accepts within land units,
Objectives determine the degree of permissable aggregation, and thus

acceptable error.

Much deperds on the degree of complexity of the household economy. A
smallholder enterprise in the medium-potential area in Kenya with a wni-
modal rainfall (with just a two acre field around the compound of a muclear
family) is much easier to analyze than an enterprise of an extended family
(sometimes comprising more than fifty members) in Southern Mali or Senegal
Here, the division of labour between sexes and within the extended family,
and the fragmented mixed cropping system, makes & single visit type of
survey a farce if one wishes to understand the actual operation of such an
enterprise. The judicious timing of multiple visits may also greatly
improve the quality of data, thus reducing error. Farm systems are strongly
governed by biological processes with their particular cycles and rhythms.

115



Substantial error reduction can often be attained by a good organization of
immediately checking the data as they come from the field, so that recalls
are still possible. A major source of errors in Rapid Rural Appraisal lies
in the inexperience of interviewers. This is in fact Rapid Rural
Appraisal's greatest drawback: it carmot be executed by mere assistants.

See alsc sub-section 3.2.2 on the procedures of FSA.

The observational method selected has direct relevance for the error level.
Interviews are much faster than direct observation (land measurement, crop
cutting, livestock count, etc.) but bias and error can be very substantial.
Basically, cost considerations (including time availability) determine the
choice. Ideally an a priori assessment should be made setting additional
costs against expected incremental benefits of better information.

6.4. o} i i ed

As bas been observed in section 3.3.6, both LE and FSA have been criticized
for time consuming, often costly, data collection procedures. The LEFSA
sequence is offering scope for complementarity in which sharing of
information must be considered in the light of cost-effectivity. In
addition, this complementarity should lead to improvements in land use
plamming, taking into account ecological and socio-economic possibilities
and constraints. Below, we link data requirements and collection aspects
(reviewed in the previous sections of this chapter) with the relevant steps
of the LEFSA procedure, presented in figures 8a, 8b and 8c. As pointed out,
the method of data collection is directly related to objectives and scale.

Step 1. Objectives. Although the formulation of objectives usually does not
require specific information, objectives do not come out of the blue. There
must be a perception, a recognition that changes in land use are needed.
This perception is based on available information, how unstructured that
may be. It is particularly socio-economic ard environmental background
information that helps initially in the formulation of objectives often
involving several parties. In the course of the LEFSA sequence, as more
information becomes available one may even turn back to step 1 and query
the original objectives, thus setting in motion partially or wholly a new
LEFSA sequence.
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Step 2, Socio-economic factors. These factors, collected for

(inter)national and regional levels are not only important for a
preliminary land use assessment, but are relevant for the steps (at
national /regional levels) in LE and FSA as well. Socio-economic factors
pertain inter alia to population, employment, economics of resource use,
income and income distribution, demand/supply patterns and projections for
staple foods, export and other cash commodities (crops, livestock, etc.).
It also includes institutional aspects, such as markets and policies.

In step 2, secondary data sources are consulted. Agricultural sector plans
should be perused for possibilities (for instance an unattained world
market quotum for particular commodities) and constraints. Wherever these
agricultural sector plans are not available, recent World Bank country
studies can be an important source of information. Efforts should be made
to present a historical perspective of critical parameters (e.g. population
growth, patterns of land use). These time series often disclose interesting
trerds. Secordary data analysis helps the process of data reduction as

well.

Step 3, Agro-ecological zoming. In this step, secondary data collection and

analysis also play a central role (it is also highly relevant for diagnosis
of farming, step 5). At steps 2 and 3 ome operates at the national level.
Agro-ecological zoning is always a first stratification according to bio-
physical criteria. At the national level LE and FSA are carried out rather
independently {section 4.2). In fact, FSA is only expressed in broad
aggregates, directly linked with agro-ecological and agro-climatological
zoning (see for example Jaetzold & Schmidt, 1983; Oldeman, 1975). At the
national stage, LE provides the building stones (agro-ecological zoning,
major kinds of land use and farming, population density) as shown for
example in table 1 of appendix 2. Good quality information on agro-
ecological zoning greatly helps the data reduction process later on in the
LEFSA sequence: it can save a lot of superfluous questions in the lengthy

extended survey questiomnaire!

5 o i arming e broad sele on of land use tvpes
1§E§ﬂL§l;éné_:gggnnéiﬁﬁgﬂ&ﬂ;lﬁLjﬁﬂQﬂLll. As a basis serves the analysis of
the agro-ecological zoning and the data collected and analyzed in step 2.
Moreover, on-station research results are fed into step 5. Steps 5, 6 and 7
er to the (sub)regional level. The principal method of data

typically ref
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collection for these steps is Rapid Rural Appraisal. Socio-economic data
collection takes place through resource persons, individually or in groups.
The issue of sub-stratification is a major one. A typical product of a
Rapid Rural Appraisal in FSA is the construction of an agricultural
calendar as a first step to look at possible family labour constraints in
smallholders' farming. These ’‘first steps’ can lead to considerable data
reduction. For example, the agricultural calendar for a particular region
may show that labour peaks occur during the period of late planting and
first weeding (three weeks in June/July) and during harvesting of the first
crop, land preparation for the second crop (four weeks in
October/November). In subsequent steps (9-12) one can reduce further data
collection (if required) to these two periods.

To facilitate a smooth linkage with step & (broad selection of land use
types) and step 7 (recommaissance LE), FSA should include data on major
land units, as distinguished and expressed by local farmers, thus tapping
indigenous knowledge of local soils and their properties. The advantage of
the LEFSA sequence is that spatially defined, more quantitative information
from LE can now be combined with - in general - non-spatial ard more
qualitative information from FSA. In addition, FSA data should be geo-
referenced as much as possible. A great improvement in the quality of LE
information is now possible with the additional FSA data. As has been
observed in practice, the choice/first selection of relevant, promising
land use types in a particular local setting so far has been a weak and
little worked-out procedure. Assumptions can now be made more explicitly.
The LEFSA sequence thus leads to a better land use assessment in this stage
and later on at the subregional/farm level.

Land evaluation as such can greatly benefit from Rapid Rural Appraisal type
of surveys. LE’s socio-economic analysis of a land use type usually does
not go beyond a general description of key attributes (produce, capital and
labour intensity, power, income levels). The impact of land tenure and the
relationship between farm size and cropping/farming systems, aspects that
are the object of study of FSA, need also be considered in LE. LE has in
the past often been carried out through a top-down approach, as appears to
be implicitly suggested in the Framework for Land Evaluation (FAQ, 1976).
Working with farmers in LE in a structured way has more recently been
introduced (Fox, 1987). This requires the application of tools such as
Rapid Rural Appraisal. A recormaissance LE should start with a Rapid Rural
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Appraisal type of investigation. For instance, land use type selection and
description, including the land use type key attributes, are based on
information derived from Rapid Rural Appraisal. Whereas the Rapid Rural
Appraisal team for FSA usually consists of at least an agronomist and an
agricultural economist, the composition for LE (socioc-economic context) is
commorily an agricultural economist with a soil scientist. In the LEFSA
sequence, the Rapid Rural Appraisal should preferably be carried out by gne
teap consisting of an economist, an agronomist and a land resource
specialist. Problems of timing of Rapid Rural Appraisals and organization
of exchange of information, which occur when two separate appraisals are

carried out, will be avoided in this way.

Steps 9, 10 and 11-12. After step 7, the land use assessment - for general
land use policies - is made. It can also lead to the selection of research
themes and areas. In steps 9, 10 and subsequently in 11 and 12 the lengthy
extended survey takes a central position, As discussed in the previous
section, alternatives within lengthy extended survey are possible amd
depend very much on objectives. There may also be a further step-wise
procedure with, for example, two-stage, stratified random sampling combined
with selective case studies (restricted to certain time period and
location) for a sub-sample, concentrating on a particular theme. The LE is
carried out at a (semi-)detailed scale, with land suitability for the new
selected options considered further. Whereas at the national and regional
levels LE was mainly supplying data to FSA, now the reverse data flow from
FSA to LE is more substantive. Although subregional and farm levels are
presented separately in figures 8a, 8b and 8c, here they are discussed in
combination. This is convenient, as many of the surveys conducted at the
subregional level are directly or indirectly associated with the farm
level. Even whetre surveys are focussed on the socic-economic context of a
subregion (for example agricultural institutions serving the farmers) ir is
necessary to crosscheck some of this information with the intended
beneficiaries. For instance, to gain insight in the functioning of the
local agricultural extemsion system, one should discuss independently the
same topic with both the extension agent and (female, male) members of the

farm household.

It is particularly the farmers’ constraints and problems, diagnosed in the
formal FSA that provides the (semi-)detailed LE with a base for land use
type selection, This is, once more, done iteratively. At the regional
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level, a first set of relevant land use types are identified, which, with
new, more detailed, FSA information becoming available, can be scrutinized
and revised. It is particularly at this stage that feedback loops are
introduced and used. The appropriate approach is usually the yield gap
analysis, conducted by the FSA team, but with additional questions
concerning soils, their constraints and related topics, provided by the LE
group. As figure 20 shows, both biophysical and socio-economic factors are
taken into account. The calculated potential yield shown in this figure is
based on genetic characteristics of the crop considered and on temperature
and radiation corditions at the site where the crop is grown; all other
factors influencing yield are considered to be at their optimm in the
calculation of this yield. Maximum station yields are generally lower than
calculated potential yields because of local climate and soil constraints
and/or soil and water management practices which are not ‘optimal’. The
size of the gap between maximum station yields and actual farmer yields
deperds on the transferability of technologies developed at research
stations, on the management of the farm household, on the socic-economic
conditions, and on the biophysical conditions of the farmers’ fields which

are often less favourable than those of the research station.

Hence, land resources must be evaluated in terms of their biophysical
capability, the socio-economic context constraining their development and
the means (labour, capital, other inputs) available for possible

alternative land use practices.

Figure 20. An example of possible yield gap analysis.
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Yield level Factors
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potential
vyield Maximum -Non-transferable technology,
station environment and management
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cal diminishing returns
ceiling|Economic -Lack of inputs, farmers' risk
celling averslon strategies
Actual
farmer
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Research Farmers' fields
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Source: Adapted from Fresco, 1984, after World Bank (1982) and Zandstra
et al. (1981),.
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The ‘'fumnel’ principle also applies at the subregional level. There may be
sourd reasons for starting with a mixed qualitative/quantitative survey,
that could be topic-focussed and semi-structured, somewhat half-way the
earlier mentioned contimmum. At the sub-regional level, surveys tend to be
more costly in time, manpower, etc., than in the earlier stages. Moreover,
contingencies have to be planned to address research resource-consuming
iterations and loops. This makes the role of a well-conceived. and well-
conducted pilot survey of crucial importance at this stage, where
substantial errors, omissions and duplications come to the fore. Additional
cost-effective measures have to be taken, e.g. a thorough plamming of the
survey(s), including considerations regarding design, definition of target
groups, formulation of a questionnaire, selection of the sample, securing
data processing and analysis requirements and the preparation of the
reporting format.

In selecting the appropriate survey technique one has a number of options.
First, the precise data (both qualitative and quantitative) expected from
the survey have to be identified. The earlier stages have led to the
necessary reduction in data requirements. A number of specific questions
has to be addressed: will single point (stock) data suffice, or is it
necessary to collect contimuous (flow) data, as in input-output relations?
What is the likely trade-off between coverage and depth of surveys? What
quality (accuracy, precision) of data is required, what detail is

necessary?

Farm and activity/subsystem level (steps 9-12). It is at this level that a

more complete integration of LE and FSA is required for the preparation of
plans that aim at the improvement of farming systems in the context of land
use plamning. On the one hand, FSA is carrying out a rigorous analysis of
the farm systems and the interactions between the land use types/
activities/subsystems, and of the main land use types/activities/subsystems
themselves; on the other hand, a (semi-)detailed LE is effectuated.

An attempt should be made to link FSA and LE from the onset by geo-
referencing. This is further explored in section 7.2. Land units of LE are
geo-referenced automatically as they are mapped. If the parcels/fields of
farms can be linked to the land unit, all the farming and cropping systems
information, hence FSA information, becomes also geo-referenced. At this

level the interactions between sub-systems receive major emphasis.
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Referring to figure 18 one must strike a balance between surveys and
investigations dealing with the farm(system) proper (B in Figure 18) and
the regional and/or sub-regional systems (A) on the one hand, and the
household, cropping and livestock (sub)systems (C) on the other hand. There
is a limit to resources available for surveys, which has further .

consequences for analyzing, processing and reporting.

The farm arnd activity/sub-system levels, with the household, off-farm and
on-farm activities, should not appear at the end of the hierarchy of
surveys, as an afterthought. In the Rapid Rural Appraisal at the preceding
levels, i.e. regional and subregional level, they should be included from
the begirming in assessing resource availability and use, constraints and
potentials., It is particularly through FSA that the role of, for example,
livestock and off-farm activities and their impact on the other activities
can be assessed. The results of the analysis at this micro level should be
charmelled back into the (sub)regional, perhaps even into the national
levels, to inject reality in earlier stages of analysis at macro and meso
levels. Concurrently with the diagnosis of activities’ constraints, also
the national/regional context has to be considered the analysis: whatever
may appear feasible at the farm enterprise level may be constrained by
market quota, purchasing power, etc.

6.5. io t es

The results of the LEFSA sequence (figures 8a, 8b and 8¢) are intermediate
outputs to be used as inputs in the procedures leading to lard use plans,
as laid down in proposals for projects, programmes and policies. The
central issue is the improvement of current farm systems, linked to the
selected land use types/activities/subsystems (current, as well as
improved). Such improvements will often entail interventions and new
techmologies, putting a bigger claim on, for example, family labour. These
interventions, etc., can be analyzed through constraint analysis,
comparative analysis, using the gross margin approach, input-output
analysis, to mention a number of descriptive methods of socio-economic

analysis. Alternatives to this category are the prescriptive methods, for
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instance whole-farm and partial plamning, budgeting, and programme plamming
(Upton, 1973).

An advantage of the LEFSA procedure is that it introduces new methods and
tecthniques of data collection and analysis into either LE, FSA or its
combination as a cross-fertilization. For example, LE ignores possible
relations between lard use types within the context of the farm (see
section 3.3.3). Farmers will optimize production (or any other goal) taking
the perspective of the farm/household level, instead of maximizing the
productivity of each land use type. In this situation the equal marginal
returns principle (see glossary) used in FSA & FSR (see Mutsears et al.,
1986: 168 ff.) is appropriate.

Whatever advanced analysis is intended, the preliminary analysis will be
descriptive and in many LEFSA sequence studies, simple tabulations and
comparisons of the data will be sufficient (Dillon & Hardaker, 1980).
Exploratory analysis should start right at the begirming as the results of
exploratory and formal surveys are coming from the field. Quality control
of data, directly after the interviews have taken place, is required, so
that recalls and rechecks are possible. Tabular analysis starts with the
construction of a system of classification of the data. General purpose
tables present an overview of a great amount of primary data. In a more
advanced stage of analysis special purpose tables are constructed. In
addition to purpose, the dimensions (rumber of variables) should be
defined. A one dimensional table presents data classified according to one
variable, in a two-dimensional table, two variables are used for
classification, etc. In actual practice, 'a four dimensional table is about
as complicated as one can expect most readers to grasp’ (Dillon & Hardaker,

1980).

Instead of a tabular analysis a pictorial presentation can be made. Most
commonly used are graphs, scatter diagrams, pie charts and frequency
distributions. Whereas some tables may be self-explanatory it is often
necessary to give further explanation in the text of the report. Whenever
the results of a survey are based on a probability sample, apparent
differences in averages between classes in the data, etc., should be tested
for statistical significance (e.g. T- and F-tests, and Chi-square test),.
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The conclusions reached in the descriptive phase should not only apply to
the level one is investigating. For example, on-farm labour shortage,
assoclated with a new techmology, must thus be evaluated against the
patterns of labour supply and demand at the mext higher level of
aggregation (district, region) and its likely consequences must be

assessed,

In the prescriptive phase an important method is optimization, taking a
farm household as a decision-making unit. The type of analysis and its
likely interpretation determine what data to collect and how. In
optimization, data will be provided on the objective function, activities
of the household and constraints, with particular attention to resource
conservation, labour, income and income distribution. When the number of
activities ard constraints is limited and the household’s objectives can be
expressed in simple decision rules, the method of programme plarming
(Upton, 1973) can be used. In more complex situations, linear programming
{see, for example, Upton, 1987, and Hazell & Norton, 1986) is appropriate.
Sensitivity analysis, simulations and risk analysis are complementary
approaches. A particular form of linear programming, interactive multiple
goal linear programming can be very relevant in the context of lamd use
planning (see section 7.3.3). The ultimate choice depends on objectives,

resources and manpower,

In this context, optimization should be considered as a way of structured
thinking about possible altermatives, i.e. various scenarios in land use
plarming. Its actual output may not always be the first priority. If the
outcome of the optimization exercise deviates substantially from the actual
situation, it may be attributed to two factors: firstly, the qualitative
ard quantitative assumptions concerning objective function, activities and
constraints were not realistic; or secondly, the farm households have not
vet arrived at the situation depicted in the (normative) linear programming
construction. In practice it may be a mixture of the two. Finally, the
present availability of microcomputers and statistical software packages
enable all sorts of sophisticated analyses and presentations. However, cne
should be aware that the analyst must always have the lknowledge of the
wderlying assumptions concerning the structure of the data. This must hold
true if the analysis is to be valid.
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7. NEW TOOLS FOR THE INTEGRATION OF LAND EVALUATION AND FARMING
SYSTEMS ANALYSIS FOR BETTER LAND USE PLANNING

7.1, ntroducti

A close integration of LE and FSA, as discussed in the previous chapters,
builds on the methods developed within each of the methodologies. The rapid
advances in information sciences allow the use of digital techniques for
information storage, processing and retrieval. These possibilities can
greatly strengthen the LEFSA sequence. Without claiming, or even attempting
to be exhaustive, some of the most promising developments in this area are
discussed below. They have in general in common that information does net
peed to be aggregated and ¢lassified g priori, which leads to appreciable
loss of informstion (de Wit & van Keulen, 1987), but can be stored as
‘basic data’, so that no detail is lost in the analysis, but can at any
level be retrieved whenever required. This is especially important because
of the iterative character of the LEFSA sequence.

In the past large numbers of different data could not be easily handled,
requiring aggregation at an early stage in the analysis. In LE that led to
loss of information on spatial variability. In FSA, geo-referencing and
both spatial and temporal variability were lost. In a digital data base all
information can be stored to be used whenever deemed necessary, that is it
can be classified and aggregated in the plamming exercise. This makes more
efficient use of the data possible, a positive development in view of the
costs and efforts involved in collecting them.

This was one of the reasons for FAQ (1986) to develop the 'Farm Analysis
Package’ (FARMAP), a software package for the processing and analysis of
farm survey data, suitable for micro-computers. Such packages, or more
general, (relational)} data base programmes can be of great help in land use

planning.

125



7.2,

A geographical information system (GIS) is a computerized data base
management system capable of handling entities of which the location is
known (x, y, z coordinates). In a GIS data can be collected from maps and
be stored, manipulated and represented as maps. Geo-information systems use
software for computer graphics in most cases combined with software for
alphanumerical data handling. In a GIS the relationships between the
entities in the data base can be established by map manipulation,
alphanumeric (table) operations or combinations of these two, Most GISs
have therefore the characteristics of Relational Database Management
Systems (RDMS). The structure of such a geo-data base can be designed with
normal (alpharmumeric) data base design procedures, as will be done below. A
land-related data set can be useful to support plamming and decision making
procedures. To identify which interventions are necessary and feasible, and
to judge the consequences of such interventions, data on natural resources
(land, climate, etc.) and data on farm systems (farm household data, crop
rotations, agricultural practices, etc.) are required.

While LE aims at & ’suitability’ classification of land units, presented on
a map, information in FSA is presented as textual and numerical
information, generally without much geo-referencing. As a consequence,
information on land units carmmot be combined (or ’'linked’) with information
at the farm level, as it is unlmown which (and how many) farms are on what
land units.

These disadvantages can largely be overcome by the development and
application of geographic information systems (Burrough, 198%a), containing
all the data required to solve resource management problems, in the context
of thigs volume especially with respect to land use plamning. Each user
(‘problem solver’) must have access to all the data needed for a specific
problem-solving procedure. It is therefore of prime importance that in the
GIS environment the data are well-structured through a disciplined data
base design.
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7.2.1. Data base design for land evaluation, farming systems
analysis and land use plarming.

For the purpose of land use planning many different types of data are

necessary, of which the minimum set contains at least:

1. the land resources {including climate, etc.)

2. land utilization, i.e. the human activities on these land resources
(cropping and livestock activities, including alternative activities
that seem promising)

3. a series of additional data (for example, on macro-economic policies,
prices, etc.)

It depends on the purpose and the level of detail of the plamming exercise

and the type of problems to be solved which data are needed and to what

degree of detail.

If LE and FSA would store field data in a relational data base (without
aggregating the assembled data first), such a data base could contain the

following entities in its conceptual scheme:

In which:

land unit contains information on the physical characteristics of the
different mapped units (scil type, slope, etc.);

parcel contains information on the parcel which a farmer uses (size, legal

status, access to water, etc.);

cropping gvstem contains information on the crops or livestock patterns
applied on these fields by a specific farmer, the land use types,

farm household contains information on the farming unit (name, labour
availability, equipment, etc.).

e e e T R I R

The lard evaluation procedure provides the data for the entities land unit
and to some extent for cropping system, FSA provides data for the entities
parcel, farm household and cropping system. Land unit data are collected
with geo-referencing and repreéented on a map. If the location of the
parcels is stored in the GIS it will be possible to relate the parcel to
the land unit by giving the land unit tumber as an attribute to the parcel.
All the other entities can then also be related to the land unit. To which
land unit a surveyed parcel belongs can be assessed through an overlay of
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the land unit map and the (topographic) map used in the farm survey. Hence,
a cropping system is linked to a parcel originating from the farm survey.

Even if the LEFSA sequence is not fully applied, land use plamning could
benefit substantially from a data base structure as indicated above, as all
the relevant queries can now be answered on the basis of original detailed
data.

7.2.2. Expansion of the data base.

The data base schematically presented before, can provide answers to most
of the LE and FSA queries, but it may not be sufficient for land use
planning, as information relevant to that purpose is still lacking, such as
prices, population, administrative boundaries, etc. The data base can,
however, easily be expanded to provide space for storage of such additional
information. In that case the conceptual scheme of the data base could have
the following structure:

climate class province

agro-ecological zone district — village

land unit Tarcel «—e————— farm household
soil class cropping system livestock system assets

The left hand side of the scheme can contain the information on the natural
resources, In the entities province, district, and village information on
administrative matters and socio-economic information can be stored. This
information often relates to administrative units and can be collected from
statistical publications. In the entities parcel, farm household, cropping
ard livestock system the data from the farm surveys can be stored,
including prices of inputs and farm products. The dotted lines indicate
that more entities can be added, according to the type of information
collected.

It should be emphasized, that this scheme does not represent a fully
‘normalized’ data base. Before implementation in a RDMS, normalizations

will have to be performed, which will in most cases lead to the
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identification of additional entities (for example persons, if information
about each member of the household is known).

Some of the entities defined can easily be mapped (climate, agro-ecological
zones, land units, districts and villages). Other entities cammot be
mapped, as they are descriptive or concepts and not geo-referenced
(cropping system, livestock system, farm household, assets). However, all
entities can be related to each other by using a common attribute as a key.
The location (x,y,z coordinates) can also function as a key between two
mapped entities. In that case the line between two entities can also

represent a cartographic overlay procedure.

The entities farm household and parcel do not necessarily have to contain
information on all the farm households and parcels in the area. A farm
survey will generally only cover a sample of the total population. This
does not have to cause problems, if data on the total mumber of farms in an
area (village or district) can be extracted from other sources (for example
statistics). The total can then be compared to the sample size in that
area. If the sample is not too small, extrapolations can be made to the
total murber of households. If farm and parcel data appear not to be
available on certain land units, that provides an indication for gaps in
the farm survey, which from the 'conventional’ aggregated FSA information
would not have been detected.

7.2.3. Data bases for higher levels of land use plarming.

The data base design illustrated above, would be very suitable for detailed
regional land use plamming. For plamming at a higher level of aggregation,
generally less detailed information at the farm and parcel level is
available. As in LE, only some global land use type descriptions may be
available. Farm information from statistical sources or limited field work
can then, however, still be related to the land unit map through a land use
or vegetation map. Such maps may be based on information from remote
sensing. Land units with a more or less homogeneous cover/land use are
delineated. In composing these maps, care should be taken that the
different land use types ard cropping and livestock systems can be
identified within the land use/cover mapping units. This might require
changes in the way land use/cover classes are presently defined by the land
use/cover surveyors. For this purpose the level of homogeneity in land use
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will be more important than the homogeneity from a vegetation association
point of view. The relation between land use/cover and land units can be
established graphically through map manipulation. Once the relationship is
established, the result can be stored as a table in the alphammerical data
base, that describes which land use/cover classes and land units occur at
the same place. Such a table is called a 'link’ table.

The conceptual scheme of the data base can then have the following
structure:

land unit farm household
cropping system
land use/land cover farm class

livestock system

The entities cropping system, livestock system and farm class together
comprise the information traditionally considered as land use type at
recormaissance level. Farm class can thereby contain information on the
different management levels ard corresponding attributes. The entity farm
household could contain some additional information on the household
collected in the (rapid) field survey. In this structure the necessary
queries for land evaluation and plamming can still be answered.

It thus appears that introduction of the LEFSA sequence should be
accompanied by proper data base design, to optimally profit from the
faculties provided, amd thus enhance the chances of optimal use of the data
collected.

7.3. New modelling techniques

7.3.1. Mechanistic crop growth models.

Over the last two decades the system-analytical approach to crop ecology

has resulted in the development of many crop growth simulation models, in

which the insights in the factors and processes that determine crop growth

and yield, are combined in such a way, that quantitative estimates of the
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yield potential of the main agricultural crops under a wide range of
environmental conditions are possible (van Diepen et al., 1989; de Wit &
van Keulen, 1987; van Keulen et a2l., 1987; Jones & 0'Toole, 1987; van
Keulen & Wolf, 1986). In first instance, comprehensive models have been
developed, that were mainly aimed at increasing understanding of the
interactions between the main growth factors (de Wit et al., 1978). These
models mainly served as a research tool. On the basis of their results,
more simplified versions, so-called 'summary models’ (Penning‘de Vries,
1982), were developed and application increased, among others for
quantified land evaluation (SOW, 1985).

An example is the WOFOST crop growth model (van Diepen et al., 1988), that
similates growth of an ammual crop during one growing season in daily
intervals, using a state variable approach. This assumes that the state of
each system can be quantified at any moment, and that changes in the state
can be described by mathematical equations, that contain only the state of
the system at that moment and driving variables. Major physical and
physiological processes such as C0) assimilation, respiration and
phenological development are quantitatively described, and the exchange
processes with the enviromment as C0, uptake, transpiration, water and
nutrient uptake are incorporated. The rates of all these processes are
determined by the state of the crop at any moment and the controlling

environmental cornditions,

The effects of the main yield-determining factors are evaluated using a
hierarchical approach, in which at the highest hierarchical level the
mumber of factors that are considered is reduced, by assuming that
teclmical constraints that can feasibly be removed, have indeed been
eliminated. At subsequently lower hierarchical levels increasingly more
factors are taken into account. Hence, first potential yield is determined,
reflecting the genetic potential of the crop under those weather
corditions, that determine the duration of the growth period and the length
of the various phenological phases (temperature) ard the rate of growth
during thét period (solar radiation). These yields that assume optimum
growing conditions throughout the growth periods are achieved in
agricultural practice for instance in Western Europe and in South American
plantation crops. In most developing countries these yields are not aimed
for, but they may serve as a yardstick against which possible future

developments can be measured.
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At the next level water-limited yield is calculated, taking into account
periods with water shortage and/or excess water. To quantify the soil water
balance, in addition to rainfall, the soil physical properties with respect
to transport ard storage of water are considered. This analysis not only
quantifies the possible yield-reduction resulting from the effects of

water, but also the requirements for irrigation and/or drainage.

At the next hierarchical level the effects of the major plant nutrients are
quantified, to arrive at nutrient-limited yield. Nutrient availability from
natural sources is estimated in this approach using the QUEFTS
(Quantitative Evaluation of the Fertility of Tropical Scils) system
(Janssen et al., 1989), and translated into crop yield by assuming maximum
dilution of the elements in the tissue (van Keulen & van Heemst, 1982),
taking into account the interactions between the elements. These
calculations also quantify the amounts of fertilizer required to arrive at
either water-limited or potential yield.

It is not the intention to exhaustively inventorize in this volume the
deterministic crop simulation models that are available at the moment.
However, in addition to the models developed and applied 1n the 'Wageningen
school' (cf. Rabbinge et al., 1989; Perming de Vries gt al., 1989; van
Keulen & Wolf, 1986), models were developed in the framework of the
International Benchmark Sites Network for Agro-technology Transfer
(IBSNAT). These so-called CERES (Crop-Environment Resource Synthesis)
models for different crops have contributed substantially to the
development of the methodology and are widely applied (cf. Jones & 0'Toole,
1987; Jones & Kiniry, 1986; Martin gt al., 1985; Ritchie & Otter-Nacke,
1985). Basically these models are very similar in approach to the WOFOST
model, described here in some more detail, with the exception that
photosynthesis is treated in less detail, but that a development-dependent
light use efficiency is used, in combination with a radiation interception

model. Leaf area dynamics are treated in much more detail, however.

Many objections have been raised to the use of deterministic crop growth
models, ranging from disenchantment with the methodology altogether
(Monteith, 198l; Passioura, 1973), through the problems associated with
their data requirements, the 'parameter crisis’ (Burrough, 198%9a), and the
stochastic nature of the input data used (Burrough, 1989b), the fact that
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the results of deterministic crop growth models necessarily pertain to
‘single events' and are therefore difficult to apply in a spatially and
temporally variable environment, to the complaint that the models carmot
reproduce the actual situation.

However, application of such models provides the opportunity (or creates
the necessity) to formilate consistent quantitative opinions on the
behaviour of the systems under consideration, their potentialé and the
biophysical constraints that are operative. The consequences of alternative
opinions can therefore easily be made explicit and as such the models form
a tangible basis for discussion.

In the framework of the LEFSA sequence, deterministic crop growth models
will find their major application in the formulation of altermative land
use types, i.e. quantification of production activities that are not (yet)
practiced in the area, but have potential applicability (Subsection 7.3.3).

7.3.2. Computerized land evaluation techniques.

With the increasing availability of high speed computers and software
geared to the easy handling of large numbers of data, automated land
evaluation systems have been developed in recent years. Most of these are
of a purely physical nature, as the crop growth and animal production
models (Subsection 7.3.1). A few systems have been developed, that permit a
further analysis by incorporating results of farming systems analysis to

arrive at overall agro-economic suitability assessments.
7.3.2.1, Land Evaluation Computer System (LECS).

This comprehensive system, developed by a team of FAQ in Indonesia (Wood &
Dent, 1983), is based on the principles of the Framework for Land
Evaluation (FAO, 1976) and aims at land evaluation on a regional scale on
the basis of small scale soil surveys (1:100,000 and smaller), carried out
according to the land system approach. Results from other soil surveys,
based on the physiographic approach can however, also be used. The results
of the survey form the basis for the data tables required by the system:
soil/terrain data evaluated by the soil/terrain module amd climatic data
evaluated by the climate module. The modules have the capability to
generate data via transfer functions in case of missing data (for instance
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permeability from texture, or temperature from altitude)., These modules are
assumed to have general applicability and can therefore be used under
various conditions. In addition, agro-economic tables and soil conservation
practice tables are required that are much more site-specific and have to
be based on results of local farming systems analysis.

The procedure consists of four consecutive steps, producing (i) an
agro-ecological crop suitability classification, (ii) a soil degradation
hazard assessment, (iii) an agro-economic crop suitability classification
and (iv) a soil conservation requirement assessment.

(i) The agro-ecological suitability classification is based on FAQ's
Framework, hence crop requirements and land qualities are matched, to
arrive at the suitability, expressed as a fraction of what is considered
the locally feasible non-constrained yield (which is the same as the
‘normative’ yield in section 5.3.12 of the Matara case). The result is thus
a semi-quantitative assessment, that is comparative rather than absclute.
(ii) Soil erosion losses are estimated on the basis of the Universal Soil
Loss Equation of Wischmeyer. On the basis of a user-specified required
‘resource-life span’, indicating the duration of the peried that present
production capacity must be maintained, permitted soil erosion is
estimated. Present and permitted soil erosion are transferred to the Soil
Conservation Mcdule.

(iii) In the agro-economic crop suitability classification, the results of
the agro-ecological suitability classification are combined with
user-specified information on the requirements for labour, capital and
technical know-how at different crop management levels. In combination with
the local socio-economic environment and the available resources, the
technical and economic feasibility of improved crop production systems can
be explored, leading to an agro-economic suitability classificationm.

(iv) The soil conservation measures necessary to arrive at the permitted
soil erosion levels are quantified here for the technically and
economically feasible production systems.

7.3.2.2, Integral Land Evaluation.

Another approach to the use of computers for the purpose of land evaluation
was developed by the Land Evaluation Group at the University of Guelph
under the name 'Integral land Evaluation' (Smit ef al., 1984; Land
Evaluation Group, 1983). The method deals with the choice of land for
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specific uses, to meet basic needs of society, such as economically
acceptable agricultural production levels, and the needs for goods,
services and amenities. The mathematical model generates quantitative
informaticn on the flexibility of lard use (i.e. the oumber of land use
alternatives), and the technical feasibility of land use optiocns in view of

the available land resources ard socio-economic objectives.

As an illustration of the approach, a prototype land evaluation model for
Ontario was developed. This prototype was run for three scenarios
characterized by increasing targets on food production. The results
indicate that with increasing demands, the flexibility in land use
decreases and available agricultural land becomes critically limiting. If
different information is available and with adapted analytical tools, the
methodology can be applied at other geographical scales to address ‘what
if’ questions, as demonstrated with a study on the effects of alternative
scenarios for erosion control on maize yields at the county level in Canada
(Land Evaluation Group, 1983}. ‘

7.3.2.3. Land Use Planning (LUPLAN).

The software of LUPLAN, a computerized aid for land use planning, was
developed at CSIRO in Australia (Ive et al., 1985). The main components are
a geographic data base, a land evaluation module and a larnd use allocation
module. The land evaluation module calculates suitability ratings according
to a predefined methodology (for example the USDA lard capability system,
the Storie Index, or any user-supplied criterion). LUPLAN calculates a
suitability index (‘'attractiveness score’) for each relevant land use on
each mapping unit. In the further analysis, the land use with the highest
score is initially selected as the most preferred land use. The resulting
total land use plan is then reviewed to determine to what extent the
socio-economic objectives (policy guidelines) have been attained. If the
plan as a whole is not acceptable the relative importance of the policy
guidelines can be adjusted and an altermative land allocation plan

generated.
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7.3.2.4. Comprehensive Resource Inventory and Evaluation System
(CRIES}.

The CRIES system (Schultink, 1987), developed mainly for use in developing
countries, focusses on evaluation of alternative land use options and
policy scenarios in terms of the private and public benefits achieved. The
ma jor components of the system are a geographic information system, based
on grid cells, and an agronomic information system., It includes separate
modules for calculation of the water balance, for yield predictions,
calculation of erosion hazards, statistical analysis and linear programming
for optimization. The evaluation procedure can be applied to farming
systems, or to regicnal or national levels. The assessment of the physical
resource potential is carried out on a single grid area or a larger
aggregate, and results in identification of that (unrealized) potential. In
combination with the other modules, the system provides a possibility to
determine the comparative advantages of sites or zones for land use

altermnatives.
7.3.2.5. A World Soil and Terrain digital data base (SOTER).

This data base is being developed at the International Scil Reference and
Information Centre (ISRIC) after initial endorsement by the International
Society of Soil Sciences (ISSS). SOTER has the following characteristics:
1) average scale 1:1 M; 2) compatible with databases of other environmental
resources; 3) amenable to updating and purging of obsolete and/or
irrelevant data; 4) accessible to a broad array of international, regional
and national users responsible for the development, management and
conservation of environmental resources; 5) transferable to developing
countries for national database development in greater detail (ISSS, 1986).
Sims (1988) discussed the use of the SOTFR database as a basis for land use
planning, and the Land and Water Development Division of FAQ is rendering
active support to the propagation of the SOTER approach.

Following the SOTER data base, a twin project was designed for the 'Global
Assessment of Soil Degradation (GLASOD)* (UNDP, 1987). The immediate
objectives of GLASOD are ’'to strengthen the awareness of decision makers
arnd policy makers on the dangers resulting from inappropriate land and soil
management to the global well being arnd to improve the capability in
regional and national institutions to deliver accurate information on
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qualitative and quantitative soil degradation for national and regional
agricultural plamning purposes’ (Sombroek & Oldeman, 1989: 2).

The information on soils and climate that is stored in this data base is
basically interded to be used to classify land units in relation to their
sultability for various uses, especially taking into account erosion and
degradation risks, to arrive at recommendations for land use that results
in maximum sustained production. The logic and structure of this
computerized systems approach are derived from the basic notion that in
decision making two steps are involved: (i) What are the possible
alternatives? (ii) Which of the alternatives is the best from the point of
view of the needs or objectives of the decision maker? In order to judge
what crops and land uses are possible on a given land unit, basically the
framework procedure is followed. To be of practical use to plamners,
extension workers and/or farmers, the results must be presented

in quantitative terms, be reasonably accurate, and must allow comparisons
between alternative land uses. Hence, the system must be further developed:

Data bank
Land units Crop or livestock
’ requirements
Surveyed land Requirements of
characteristics the production system
(climatic and edaphic)
Yield model
Use, crop or product —— Management —— Yield or level
or production of production
system or benefits

_________________________________________________________________________

Different production activities require different combinations of land
characteristics, which have to be expressed in quantitative terms. In
addition to the requirements of the specific crop or animals species, the
production systems as such (cropping/livestock systems or land use types in
the LEFSA terminology) may have certain requirements in terms of soils and
climate: steep slopes are not suitable for intensive mechanized arable

farming, and glasshouse production is not suitable for regions with
frequent hailstorms.
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The yield model may be any method of estimating yield or output from a
defined land unit with known characteristics, and results in a list of
possible uses or products, an identified production system and a level of
output.

In selecting the ‘best’ or ‘optimum’ use of the land, it should be realized

that these notions are relative tefms, that depernd on the objectives to be

pursued, which may be different for different users. For example, for the

irdividual farmer the major objectives may be meeting the basic food

requirements of the farm household, followed by maximum cash income and

reduced labour input. At the national level food self-sufficiency for the

country, higher rural incomes and environmental protection may be important

goals. Hence,

i usually there are more objectives

i1 objectives must be identified, before ’‘best' or ‘optimum’ can be
defined in terms of land use

iii objectives may, to a greater or lesser extent, be incompatible

iv objectives can be ranked in order of immediate priority

v objectives and their relative importance can change over time; that
reduces the value of printed suitability maps and increases the
usefulness of computerized data bases, that allow rapid access,
manipulation, retrieval and combination for re-classification (section
7.2).

The total sequence can now be represented by:

Identification of
objectives/needs

land data base Land use data base

L——-—- Yield model —l

Crop Production Yield
System level

For each land unit appraisal of
possible alternative uses in terms
of the extent to which they
satlsfy the objectives

Selection of optimum land use
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Assessment of alternative land uses may involve economic appraisal, market
surveys, calculation of labour requirements, environmental impact
assessment, and the use of trade-off or optimization techniques (Subsection
7.3.3). The system provides the possibility to identify, describe, and
analyze alternative land use patterns in terms of their products, the
components of their production systems, and their economic and social
aspects. It is possible to carry out the optimization analysis at any
selected level of aggrégation, i.e. pational, district, village, or farm.

However, at each level the purpose, the map scale and level of detail will
be different.

7.3.2.6. Agro-ecological zones (AEZ) study.

The agro-ecological zones study was initiated some 15 years ago (FAO, 1978-
1981), to address the need for an overview of the extent of potentially
cultivable land in the developing world and its production potentials.
Originally, the requirements of eleven, mainly tropical, crops with respect
to climate and soil-based land qualities were translated into simple
variables that could be estimated from available long-term climate means
ard soil information. The soil information was classified in agro-
ecological map units, which consisted of soil map units, further subdivided
by length of the growing period, and by their estimated composition in
terms of individual soil units, slope classes, surface texture classes, and
phases. The length of the growing period was estimated from ammual
precipitation and potential evapotranspiration, taking into account, in a
rather simplified mamner, soil moisture storage capacity. The growing
season was considered to start when rainfall exceeds half the potential
evapotranspiration for a ten-day period, and to extend into the dry season
until accumulated rainfall deficit (difference between potential
evapotranspiration and rainfall) has reached a value of 100 am, assumed to

be available from stored soil moisture.

Recently, a computerized larnd resources appraisal of Bangladesh was carried
out, based on the AEZ principles (Brammer et al., 1986-1988). In this case
much more detailed information was required and available than in the
original region-wide application. In this appraisal each individual basic
land unit passes through a series of 'suitability sieves’, separately for
each crop and for different input (management) levels. These suitability
sieves refer to agro-climatic, agro-inundation, agro-edaphic and agro-
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landform conditions. The main growing period (Kharif), when rainfed wetland
rice can be grown on suitable land, was assumed to start in the first ten-
day period for which rainfall exceeds 0.5 times potential
evapotranspiration and for which the preceding ten-day period had at least
50 mm rainfall, sufficient to start inundation. This period ends in the
first ten-day period when the accumulated rainfall deficit exceeds 100 mm.
This climate-determined length of growing season, may then be modified
according to soil-type specific inundation regime. For the secondary
growing period (Rabi), that follows the wet season, and in which upland
crops are grown, the start is the first ten-day perioed in which potential
evapotranspiration exceeds rainfall and it ends when accumilated rainfall
deficit exceeds 250 mm, a value for soil moisture storage capacity that
seems to apply to the loamy to silty clay loam soils of the holocene
deposits in Bangladesh. The result of the analysis is an agro-ecologicat
land suitability assessment for the various combinations of crops and soil

types.

Similar efforts of applying the AFZ methodology at the national level as in
Bangladesh have been made in several other countries. Examples are in
Ethiopia (e.g. FAO, 1984b) and Kenya (e.g. Jeatzold & Schmidt, 1983). In
the latter, the variability of the rainfall was also taken into account, as
was the case in a later stage in Ethiopia (FAG, 1988a),

In recent years the awareness of the complexities and diversities in the
natural and human enviromments has led to an increased demand for location
specific information. Consequently, data collection efforts on natural
resources, from ground truth as well as from aerial photography and remote
sensing, have expanded substantially, resulting in more refined systems of
classification and evaluation of physical and biological variables. Most of
these, however, are small-scale efforts (over 1:50,000), and there have
been few attempts to produce overlays with socio-economic data such as
population and infrastructure. Moreover, the approaches adopted by the
international agricultural research centres vary greatly (Bunting, 1987).
Exceptions with regard to the incorporation of socio-economic data can be
found in, for example, Jeatzold & Schmidt (1983, see also appendix 2), and
in Polman, Samad & Thio (1982) and Schipper (1983). However, in the latter
two cases the agro-ecological zonation was not based on the length of
growing period approach of the FAO system, but on a more simple
classification, mainly according rainfall regime and altitude (Joshua,
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1987). Another example of combining socio-economic data with agro-
ecological zonation at the national level (FAO, 1988a), can be found in
Ethiopia (FAO, 1988b). In this case the population supporting capacity was
analyzed in the framework of a mational ‘master’ land use plan.

The computerized systems for (aid in) land evaluation discussed in this
subsection do certainly not present a complete picture of what is being
used at the moment, and in view of the rapid developments, many more may be
expected to show up in the near future. Although each specific purpose may
require its own specific ‘model’, there seems to be an urgent need for
standardization in the field, and the LEFSA sequence could possibly provide

a useful framework for such coordination.
7.3.3. Interactive miltiple goal linear programming.

For effective land use plamming it is necessary to answer such questions
as: what is the agricultural potential of a region? Which production
teclniques for crops amd livestock are available? What are the inputs
required to realize the production potential offered by the available
natural rescurces arxl the available production techniques? Under what
socio-economic corditions is it attractive to practice the different
techmiques? Is there scope for other, improved or alternative techniques
that are not yet practiced in the region? Does introduction of such
techniques require further research? What are the constraints associated

with the introduction of these teckmiques?

The answer to such questions not only depends on the technical
possibilities in a region, as determined by the available natural and human
resources, but alsc on the goals of development. Emphasis on different
goals, such as for example, self-sufficiency in food production,
risk-avoidance, achievement of rural incomes on a par with urban incomes,
may lead to different development pathways, with their associated
differences in choice of production techmiques. Any development plan for a
region must be technically feasible and it must take into account all the
possible goals imposed on the region and the constraints to satisfy the

various goals.

The method described here (cf. de Wit ef al., 1988) can be used to evaluate
the agricultural potentials of a region and to analyze to what extent the
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available techmiques can meet the demands under various constraints , under
various policy options and under different socio-economic conditions. The

input requirements and the investment needs also follow from the analysis.
7.3.3.1. The method.

The methed, briefly described here, is based on a linear programming
approach that optimizes a mix of production processes, subject to a set of
constraints. The production processes are defined as ‘activities’ or
‘production techniques’, each yielding certain 'outputs’ and requiring
certain ‘inputs’. The inputs draw on resources that are limited, and may
therefore be constraining for application of the techmiques or for the
level of intensity at which they can be executed.

When only one goal has to be pursued (optimized) the approach is
straightforward. However, when a number of possibly conflicting goals have
to be pursued, the choice for a certain develofment path becomes deperdent
on the relative value attached to each of the goals, which is not
necessarily the same for different decision makers or interest groups. The
Interactive Multiple Goal Linear Programming technique allows attainment of
a desired solution by stepwise optimization of the various objectives. In a
first cycle the lower bounds of all the goals considered are set at their
minimum values, to ascertain attainment of feasible solutions that satisfy
all these minimwun requirements at the same time. Then each of the goals is
optimized on its own, with the lower bourds of the other goals defined as
minimum goal restrictions. This first cycle yields thus for each of the
goals the most favourable value that can be attained, and also the most
unfavourable value that can be expected. The total solution space ('the
feasible region') is defined in this way, but the ideal situation where all
the goals reach their maximum value simultanecusly does not exist. The most
satisfactory solution from the point of view of a particular 'user' may now
be obtained in subsequent iteration cycles by tightening one or more of the
goal restrictions and repeating the optimization for one or more of the
other goals. The choice of the goal restrictions and the degree to which
they are tightened reflect the specific interests of the user. During the
stepwise maximization of the goals, under increasingly tighter restrictions
on the other goals, the solution space is gradually reduced until a
situation is reached where the user cammot improve on any of his goals
without sacrificing on another one. In that way he becomes aware of the
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opportunities for exchange between the various goals in his desired
solution space, i.e. he obtains the opportunity costs of one goal in terms
of the other goals,

Different users may of course have different objectives or attach different
weights to the various goals, and may therefore end up in different corners
of the solution space. In terms of the LEFSA sequence that means that in
interactive contact with different interest groups (goverrnment, development
agencies, local population) different desired land use plans could evolve.
The method, however, also allows them to explore the possibilities for a
compromise that is satisfactory to all interest groups, even though it is
not ideal for any one in particular.

7.3.3.2. Regional analysis, farming systems analysis and
plarming.

When the method described above is applied to regional analysis and
plamning in the field of agriculture, the activity matrix contains ‘all’
existing and conceivable production techniques for a region, including
those that may still be in a research and development phase. These may
include cropping activities, animal husbandry activities, and any other
activities related to the agricultural sector. The relevant production
activities (land use types or cropping/livestock systems) can be derived
from land evaluation. The technical coefficients in the matrix, which
quantify the inputs and ocutputs for implementing and operating each
activity, can be obtained from farming systems analysis for production
activities currently practiced in a region. For activities not yet
practiced in the region, these coefficients could be obtained from crop
growth simlation models and animal production models or from available
statistical information. :

The resources of the region (or constraints) include the area and the
'quality’ of the various land types available (land units), which have to
be defined on the basis of land evaluation. Next to land, other resources,
such as the population living in the region and its demographic
composition, additional labour that may be hired from outside the region,
endowment of capital goods, animal breeds and herd sizes present in the
region, are included in the model. In addition to resource constraints,
other restrictions, like crop rotation requirements, are taken into
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account. Most of these data will have to be derived from farming systems
analysis and rural surveys, as well as from statistical sources.

In applying the method, a distinction is made between tradeables and non-
tradeables. Prices are in general attached only to goods and services that
can be traded across the border of the region, such as fertilizers,
products from arable farming (e.g. grains, tubers, fibers) and from animal
husbandry (e.g. meat and milk), or to those that have an alternative
employment in other sectors of the economy, as is the case with farm labour
for which off-farm employment opportunities existlZ. Non-tradeables, for
example labour of the local population for which there is no alternative
source of employment, or land that can only be used for activities included
in the model, or products that cannot be easily transported such as straw
and organic manure, often do not have a directly observable price. In
general, no prices are attached to those goods and services, however, they
do have an opportunity cost, ard therefore an implicit price.

7.3.3.3. The results.

The analysis results in (i) identification of consistent, technically
feasible development pathways for what is regarded the most satisfactory
combination of all goal variables; (ii) identification of the major
constraints for such developments; (iii) evaluation of the costs of greater
achievement of one goal in terms of sacrifices on the other goals and the
constraints, which can lead to identification of technical bottlenecks and
canstraints; (iv) translation of the selected combinations of goal
achievement into a combination of activities, i.e. the mix of production
techniques (cropping systems and livestock systems) necessary to achieve
the geoals, the needs for investments, imports, exports and credit in the
proper sequence, the labour requirements amd their qualifications, etc.

The method of analysis is not an econometric one, containing many (often
uncertain) behavioral relations. Social constraints, like unequal

accessibility of the means of production, land titles, or economic

12 one of the disadvantages of linear programming models is that it is
difficult to include relationships between prices and quantities, because
of linearity constraints. However, by imposing different prices {or price
ratios), the sensitivity of the model results to different market
corditions can be established., An other approach might be to linearize non-
linear relationships, see, for example, Hazell & Norton (1986).
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behavioral patterns are also not taken into account. In general, one can
say that this method is only a partial analysis. The analysis therefore
does not 'predict’ the future development of a region, but it defines
technically feasible development pathways, that best attain a certain set
of goals. This part of the analysis, including definition of the policy
measures necessary to realize the required developments, must be subject to
further investigation, that goes beyond the scope of the method described
here.

7.3.3.4. An example.

The methed of multiple goal linear programming was applied in the framework
of a joint Dutch-Egyptian project on land use plamning for the Mariut
region in Egypt (van Keulen & van de Ven, 1988; Ayyad & van Keulen, 1987).
The major agricultural activities in the region are animal husbandry,
mainly sheep and goats, rainfed barley cultivation, and fruit tree
cultivation, mainly olives and figs. For each of these activities several
production techniques (land use types) were defined, based on the regiomal

resources and varying in degree of intensification.

To define the soil resource, four main soil groups are distinguished,
further subdivided into soil types according to soil depth and soil texture
(FAO, 1970). For each soil type a representative set of soil physical and
soil chemical characteristics was defined. The soil physical properties
refer mwainly to the water transport and storage characteristics, the soil
chemical properties refer to the supply of plant nutrients from natural
sources (soil fertility) amd the recovery of applied fertilizer. These
characteristics were used in the simulation model for crop growth.

Barley cultivation is not possible under the natural rainfall regime, as
moisture availability is insufficient. Present land use is such, that
barley is cultivated in low lying areas, where run-off water collects.
Three moisture regimes were defined, arnmual infiltration of 250, 300 and
450 mm, respectively. For the 300 ard 450 mm moisture regimes run-off must
be actively promoted through construction of dikes. Maintenance of these
structures is defined as an input for these land use types. Barley
production under these conditions was estimated using the crop growth
simulation model WOFOST (Subsection 7.3.1), on the basis of local data on
weather, soils amxl crops.
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The agricultural operations necessary for cultivation can be carried out in
harnd labour, with animal traction or with mechanized equipment. Weeding is
not considered worthwhile for the 250 mm water regime, as yield increase is

insufficient. For the improved water management systems weeding is optional

and can either be carried out by harnd, or using herbicides. In the
cultivation systems using mechanized equipment, harvesting can either be

done by selfbinder or by combine. Not all combinations were considered
relevant for the Egyptian situation, hence a total of seventeen barley

cultivation systems were included in the analysis (table 21)

Table 21. Barley cultivation systems defined in land use plamming for the

Mariut region.

Available Water regime Weeding Harvesting Number
power source practice equipment
animal 250 mm no (1)
traction 300 mm no (2)
hand 3
herbicide (4)
450 mm no (5)
hand (6)
herbicide (7
mechanical 250 mm no selfbinder €:))
equipment no combine (9
300 mm no selfbinder (10)
no combine (1)
herbicide selfbinder (12)
herbicide combine (13
450 mm no selfbinder (14)
no combine (15)
herbicide selfbinder (1l6)
herbicide combine (17)

e A e e E A B e B A e E R E R N T EE R N e E R SRR E e E EE RN RN W AN e N T E RS- .-

The barley systems produce grain, straw ard grazing land, i.e. the

aftermath that can be used in animal production systems. Grain can either

be scld or used as concentrate replacement in animal production systems;

straw is used as supplementary feed.

Fruit tree production activities comprise production of olive oil, table

olives and figs. For olive production six systems have been defined, three

for production of fresh olives, three for olive oil production; for each of
the products a ‘traditional’ system, an improved system with mechanization
arnd an intensified system with irrigation. For fig production also three
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systems have been defined, twe producing fresh figs, one traditional and
one mechanized, and one producing dried figs. In all cases the orchards
require fertilizer, preferable mamire to meet the mutrient requirements of

the trees and to improve soil structure.

For small ruminants five production systems have been defined: two are
extensive systems, in which the feed requirements consist of natural
vegetation and the grazing area between the barley fields. -In one of these,
representing the '‘traditional’ animal husbandry system in the region,
supplementation consists of concentrates and barley straw. In the other
system vegetable residues and berseem hay may replace part of the barley
straw. Two systems, designated 'intermediate’, represent the level of
intensification prevalent at the moment in the region; the feed resources
are identical to those for the traditional systems, but because of the
higher production target, supplements must be of higher quality; they are
again distinguished on the basis of use of barley straw. Finally an
‘intensive’ system has been defined, where the major part of the feed is
ingested under feedlot conditioms.

The matural vegetation serving as animal feed is partly produced on the

natural rangeland and partly on that proportion of the arable land that is
not cultivated, but serves as catchment area for run-off collection for the
barley and fruit tree production systems. Hence, production of animal feed

is directly related to the cropping patternm.

Anmual costs for the animal husbandry systems comprise purchase of vitamin
A, medical care, etc., increase with system intensity. Investments in
hardware, like shearing equipment amount to only a few Egyptian pounds per
year. In intensive systems the rangeland is fenced, which increases the
investments, the life expectancy of the fences being set at ten years.

The outputs of the animal production systems consist of sheep and goat
hoggets, meat and wool, in addition to animal traction amd manure, that can
be used in some of the crop systems. Hoggets can either be kept for rearing
or they can be sold. In the present study a steady state situation is
considered and the dynamics of development are not taken into account,
hence all hoggets in excess of replacement requirements are sold. Marketing
activities comprise purchase of inputs, like sowing seed, fertilizer,
concentrates and other supplementary feeds and the sale of marketable
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products, i.e. surplus barley grain, fresh olives and olive oil and fresh
and dried figs.

The potentials of the muiltiple goal linear programming technique are best
utilized if the number of goal variables is high and the mumber of goals
formulated as constraints accordingly low. In that way a high degree of
flexibility is achieved, and the options for technically feasible
development possibilities are kept as open as possible, In this study the
following goals were defined: net income, i.e. income before taxes;
employment; herd size; import of concentrates; conservation of traditional
agricultural systems; government subsidies; mechanization; export of mutton
arl goat meat; area under fruit trees.

To illustrate the capabilities of the method, three policy views with their

aspirations were defined for the region:

- The govermment’s aims can be described as: increased settlement in the
area with an income for the population at a reasonable level; a low
export quota for meat; abolishment or restriction of subsidies on
inputs; a limited area under fruit trees.

- The aspirations of the local population: high consumptive income; a
free export market or at least an export quota as high as possible; a
low level of unemployment; no additional settlers; an increase in the
level of mechanization in the area; no limitations on the area under
fruit trees,

- A 'conservationists’ point of view: definition and quantification of
the goals for this view proved difficult; in the model they have been
defined as: an extensive area under traditional systems; limited use
of imported concentrates; restriction on the herd size.

As explained, in the first round all the goals are optimized on their own,
with only minimum restrictions on the other goal variables. The results of
that round are presented in table 22.

The results presented in the table show, that it is possible to withdraw
all govermment subsidies and still obtain a feasible solution. Maximum net
income amounts to 37.6 million LE, which is achieved with an export of 22.5
million kg of meat, about ten times the present quota and only slightly
lower than can maximally be produced. Employment in that case is 18700
person-years, about two-thirds of what can be attained (27600). These
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results thus present the sclution space ('the feasible area’) for the

region.

Table 22. Results of the first iteration round for all goal variables.
NINC EMPL EWEQ CONC EXTS SUBS MECH EXP TREE
106 108 1032 108 102 103 103 106 102

LE p-yr EE kg ha LE h kg ha

NINC 37.6 18.7 267 119 40 1060 95 22.5 29.2
EMPL 4.8 27,6 248 25 390 1010 173 0 40 .4
EWEQ 66.6 4.9 272 121 4 1076 322 4] 9.6
CONC 3.7 10.6 96 0 150 32 0 ) 9.6
EXTS 1.7 26.3 254 26 424 1007 0 0 9.6
SUBS 2.3 9.6 926 9 0 [1] 0 0.1 9.6
MECH 7.7 16.1 146 9 230 612 456 0 40 .4
EXP 23.7 5.1 272 112 5 1074 230 2.9 9.6
TREE 5.4 10,2 96 9 0 406 0 0 40.4
Notes:

- Goals:

- net income (NINC), i.e. income before taxes;
- employment (EMPL);
- herd size (EWEQ};
- import of concentrates (CONC);
- conservation of traditional agricultural systems (EXTS);
- govermment subsidies (SUBS);
- mechanization (MECH);
- export of mutton and goat meat (EXP);
area under fruit trees (IREE).
- LE is Egyptian pounds, EE is ewe equivalents, a ‘standard’ animal,

reflecting the composition of the animal population, p-yr is person-
year and h is hours.

- The maximm or minimm of a goal is the underlined number in a row,
with the other goals being unconstrained in the same row; for example,
the maximum herd size (EWEQ) as indicated in the third row is 272,000
ewe equivalents, at this value the employment (EMPL) is 4.9 thousands

person-years.

--------------------------------------------------------------------------

Starting from this solution space, the possibilities for realization of the
government policy goals are examined as an example. Its main aim is
increased settlement in the region to alleviate the population pressure in
other areas like the Nile valley. The present employment is 22000 person
years, and in the next round an increase of 10 percent is aimed at. Hence
minimm employment is set at 24200 person-years and the other goals
considered are net income, subsidies, area under fruit trees and export

crops (table 23}.
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within a well-defined (socio-)economic environment. Within the LEFSA
sequence it could be applied to examine the possibilities for altermative
land use plans under different conditions.

7.4, Expert systems

The distinction between ‘computerized aids in land evaluation’ ard ‘expert
systems’ is gradual. In each 'model’ the opinion of the developer with
respect to the real system is reflected and as such it forms the explicit
formulation of that opinion. However, as the develcpments in expert systems
may be expected to be substantial in the near future, at least treatment of

one example in this volume seems warranted.
7.4.1. Automated Land Evaluation System (ALES).

This system has the format of an expert system (Rossiter, 1989) based again
on the FAO Framework for lamd evaluation. It allows the user to build
decision trees, containing ratings for land qualities and requirements for
land utilization types. The four major components are : (i) a ‘knowledge
base’ (the actual expert system), containing descriptions of different land
uses in both physical and economic terms, (ii) a data base, containing
information on the natural rescurces (mainly land), (iii) an inference
algorithm, allowing matching of land and land uses, (iv) an ’‘explanation’
facility, that permits analysis of the results.

(i) The knowledge base is specified by the user and contains the relations
between land and land use requirements, in which land use can either be a
single crop or a crop rotation. Land use requirements are defined in the
system in terms of levels of limitations. Similar levels of limitations may
originate from different combinations of iand characteristics, as derived

from the decision trees.

(ii) The data base, to be developed by the user, contains information from
natural resource surveys. Both discrete and contimuous information can be
harndled by the system, which provides possibilities to generate missing

information via decision trees.
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(iii) In the inference algorithm matching of land qualities and land use
requirements takes place according to user-supplied procedures, which
results in an evaluation matrix, that allcws easy selection of the best
land use for a particular land and the best land for a particular land use,
Suitability is expressed both qualitatively, according to the Framework
principles, and quantitatively in relation to a non-constrained yield or

'normative’ yield, for use in economic evaluation.

(iv) The explanation facility allows the user to analyze the results

through a backward chain through the system. Interactive use of this
facility is possible, to improve the evaluation procedure.
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8. CONCLUSIONS AND RECOMMENDATIONS

The 1990s appear to become a time for widespread concern about the future
of the world. Climatic changes, environmental pollution and continuing
population pressure on land coupled with the inability of many countries to
meet the growing demands for agricultural products, present ’‘mega-scale’
issues. These problems are no longer limited to the third world, or
portions of it, but affect all levels of the hierarchy of living systems,
from the cell to the world economy. The need for some form of deliberate
plamming to make optimal use of the land resources at our disposal is
evident. Solutions are unlikely to come from single disciplines or
theoretical schools, but will require the contributions of many thinkers
from as many backgrounds as possible.

[he state of the in lapd evaluation and farming systems analysi

This volume intends to contribute to the debate on global land resource
management and land use plamming by discussing the state of the art in land
evaluation (LE) and farming systems analysis (FSA}, two approaches that,
from rather diverse backgrounds, attempt to improve land use and
agricultural production. LE has evolved from soil survey work and has
always been closely associated with regional and project plamning, whereas
FSA is basically a diagnostic arxd experimental procedure within the
framework of agricultural research. FSA aims to analyze farm level
constraints with a view to developing adapted technology for specified
categories of farmers, while LE is directed towards determining the
suitability of certain types of land use. Differences and similarities have
been discussed at length in this volume, leading to the conclusion that
many of the apparent differences between LE and FSA are primarily a
reflection of the past of both approaches rather than conceptual or
methodological necessities. For example, scale in LE as well as FSA depends
on objectives and on the perceived variability between units, rather than
on characteristics of the respective methodologies. If time and funds
permit, LE may well focus on detailed, large scale units, while in the same
way, FSA may concentrate on higher levels of the hierarchy than the
livestock or cropping systems, and study similarities between farming or

village systems operating in different environments.
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One point of contention may be the choice of the ultimate scarce factor:
land or labour. LE focusses exclusively on land, whereas FSA concentrates
on labour, and only to a lesser extent on land. In practice (although not
in theory), LE may suffer therefore from a 'major crop bias’' and disregard
for non-agricultural or off-farm activities by household members. FSA, on
the other hand, has drawn attention to the multiple factors that govern
farm management and the way in which these are translated imto cropping (or
livestock) patterns so as to enable farmers to make the most of their
resources. Consequently, the comparative approach is much more explicit in
LE where different land uses are compared, whereas FSA compares existing
production patterns (farmer technology) with available technology. The
matching of land use type requirements with land unit qualities results in
a suitability classification of land. This presents a major difference from
FSA whereby constraints in farm production as experienced by farmers, and
not necessarily objective constraints, are listed. To put it simply, LE
aims to adapt land use to land, whereas FSA aims to develop and adapt
technology to farmer constraints which include land qualities. However, if
investments in land are economically feasible, LE couples improved lamd to

improved land use,

LE as well as FSA are criticized for their time-consuming data collection
procedures. Although LE has been far more successful in developing
quantitative methods and linking up with quantified systems analysis, both
approaches remain surprisingly qualitative when it comes to the ultimate
judgement of suitabilities. FSA has emphasized a mmber of data sources
that remain hitherto umutilized in LE, such as historical and seasonal
production series, case studies, on-farm trials and observations of farm
household activities, but has been particularly oblivious of the need to
represent data in graphical form, and mapping of spatial characteristics,
apart from transects, is hardly ever considered, in contrast to the mapping

work in LE.

The first section of this volume concludes that, notwithstanding these
differences in approach, there is considerably merit in exploring fully the
similarities between LE and FSA with a view to providing a sourder basis
for land use plamning. There are three areas where LE and FSA are
complementary. Firstly and most importantly, in linking the respective
units of analysis. LE focusses ultimately on land use types which can be
characterized according to key attributes and have certain requirements
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with respect to land. FSA analyzes farming systems that are composed of
specific subsystems (cropping or livestock systems). Since land use types
are nearly always, with the exception of newly reclaimed land, a component
of farms, inevitably there is a close correlation between cropping (or
livestock) systems on the one hand and land use types on the other.
Secondly, linking the levels of analysis in order to provide a full
coverage of the entire hierarchy of systems. Thirdly, in geo-referencing
the farm level data collected through FSA procedures so that they can be
linked to LE data. It goes without saying that any exchange of information
between LE and FSA would be to the mutual benefit of each procedure.

An jntegration of LE and FSA

Even if LE and FSA remain separate procedures they can benefit from one
another methodologically and conceptually. Part two of this volume,
however, goes well beyond complementarity and discusses how elements from
both LE and F3A can be integrated into a new set of procedures which meets
some of the criticisms advanced against both approaches but combines the
strengths of each. It presents such an integrated set of LE and FSA
procedures, the LEFSA sequence, which couples the relative emphasis on
soils and natural resocurces ard the more quantified, formal matching
procedures of LE with the socio-economic focus, the diagnostic and on-farm
testing approach of FSA. The sequence moves from the regional level to the
farm level and below, while specific activities are carried out at each
level, Recormaissance LE and rapid appraisal find their place at the
regional level, while (semi-)detailed LE and the diagnosis of farmer
constraints take place at the lowest level, While such a sequence is
clearly defined in time, with the regicnal level analysis coming before the
detailed farm level work, the integrated LEFSA approach does not follow a
sequential process, but is iterative within ard between levels of analysis
(‘two steps forward and one step back’) so that at each level data can be

cross-checked and referred to higher levels when inconsistencies occur.

Procedures for data collection in LEFSA, and particularly ways to reduce
the data load, are also considered. The kind of data and how these should
be collected and managed are carefully described for each step of the LEFSA
sequence. Problems ard potentials in the application of entire sequence are
illustrated with a detailed case study. Furthermore, the use of modelling
and geographic information systems in LEFSA are discussed and proposals for
integrated data base management are formulated.
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It is argued finally that the LEFSA sequence presents major advantages over
the separate application of LE ard FSA. It allows LE to use a formal set of
procedures for the selection of land use types through the farming systems
diagnosis which also provides additional data for the description of
selected land use types. Furthermore, LEFSA includes procedures to
integrate agronomic research as well as socic-economic aspects. For FSA,
LEFSA maps entities that are relatively homogeneous with respect to
biophysical characteristics and that can be used as a basis for sampling
farms and, later, for the extrapolation of results. These entities also
help to define target groups with similar biophysical potentials and to

assess the biophysical sustainability of proposed technologies.
Furthermore, the use of a geo-referenced data base including data on land

units as well as data on farm households will allow & better utilization of
the data collected in LE and FSA. ’

Notwithstarding these advantages, some problems may be expected in the
practical integration of the spatial information generated in LE and the
non-spatial information currently collected in FSA. Before advocating such
a major effort as the integration of LE and FSA, it is appropriate to
review its validity and relevance, and the areas of application of the

LEFSA sequence.

Yalidity of LEFSA

LE, FSA and LEFSA are forms of applied science which are oriented at
offering solutions for relatively well defined problems, and not at
accumilating knowledge for its own sake. By definition, applying scientific
concepts to practical problems such as plamming the best possible use of
lard, involves a degree of reductionism. Because of its wide,
interdisciplinary scope LEFSA suffers less from reductionism than LE and

FSA.

It needs to be emphasized that any procedure such as LEFSA (as well as LE
and FSA) essentially contains a mumber of qualitative moments when it comes
to assessing resources for future use. It would be a fallacy to assume that
LEFSA is a purely objective, scientific procedure. On the contrary, the
subjective judgments of those who apply it, as well as their experience are

an essential part of the procedure.
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LE and FSA are neutral, however, in the sense that these methods can be
used with many different goals or interests in mind. The same applies to
LEFSA. LE and FSA are not neutral in a hierarchical sense: it assumes a
central unit of decision making and a top down movement of decisions to the
lower (farm) levels, LEFSA tries to overcome many of the shortcomings of
both LE and FSA, but it remains, after all, an approach which assumes some
degree of top-down control over decision-making. There is no reason,
however, why LEFSA could not be undertaken on behalf of and with the
participation of specific groups of land users, such as small farmers. The
fact that land use plarming is taken as a central starting point does not
imply that only formal processes of govermment initiated land use plamming
are considered legitimate here. In many ways, land use - and the required
capital use and labour use - carmmot be plamned from above. The active
participation of the people who use the land will be essential. LEFSA and
FSA provide more scope for this than classical LE, particularly through the
use of multiple goal plarming tectmiques.

Relevance of LFEFSA for sustainable land use
As outlined before, the challenge facing us all lies in the global

sustainability and food availability problem. The ultimate test of the

approaches advocated here, i.e. the complementarity and possible

integration of LE and FSA, will be their contribution to the design of
sustainable land use systems. Unfortunately, little progress has been made
in the operationalization of the sustainability concept, but it is likely
to include several aspects that are discussed in relation to LE and FSA
below.

- Sustainability requires a measurement of total factor productivity, as
distinct from partial factor productivity such as land productivity
(cf. Lynam & Herdt, 1988}, In this respect, a combination of LE and
FSA or an integration into LEFSA would indeed widen the scope of each
of the approaches and include a much wider range of factors.
Furthermore, the explicit systems perspective would allow a better
assessment of input-output flows.

- Sustainability assumes a quantification of causal relationships
between system components at every level of analysis. The integrative
approach of LEFSA would help to get a better basis for the linking of
the quantitative results of disciplinary (e.g. crop physioclogical)
research, so that the reasons for variability at higher levels could

158



be linked to those at lower levels (eg linking farm level performance
to crop growth in specific land use types).

- Sustainability implies an effective understanding of ecological and
socio-economic interactions in lard use. The coupling of ecological
and socio-economic variables remains one of the difficult challenges
for any truly interdisciplinary approach. While LE and FSA guidelines
make explicit mention of the need to do so, they do not provide
concrete procedures to do this. Since LE and FSA present different
‘gaps’ in this respect, a combination of both is likely to improve
their effectiveness in a substantial way.

- Sustainability is, by definition, a dynamic concept that requires an
assessment of the changes in land use systems. LE and even FSA have a
tendency to limit themselves to rather static pictures, although the
concept of system in FSA suggests otherwise. Although the LEFSA
sequence strengthens the systems thinking in FSA and LE, the approach
may remain weak, because cumbersome, in capturing the varying scales
of changes at different levels. Climate and scils, for example, change
at an indefinitely slower pace than crops, livestock or households,
Further work may be required on providing adequate indicators of
change of each of the land use system elements.

Recomuendatio or the &af 2 ary 1 enta ) LEFS
The incorporation of LEFSA into existing land use plamning and technology
development procedures will be a lengthy and difficult process. In some
cases, it may be more useful to select the appropriate elements rather than
the entire sequence. Nevertheless, the message this volume tries to convey
remaing that even when one is occupied with a single step within the LE or
FSA methodology, it is essential tec retain a sense of perspective of the
integrated LEFSA. New computer based data retrieval and mapping technology
that make it possible to refer to disaggregated data allows one just to do
that. Nevertheless, it remains a point of concern that in developing
countries many services dealing with agriculture and land in its broadest
sense, are poorly equipped and understaffed. The LEFSA sequence can not
address this problem of course, and although it does avoid duplications
through the sharing of information, it does not necessarily reduce the work
load of the individual services involved. It remains essential, therefore,
that the practical applications of an integrated LE and FSA approach be
adapted to the specific needs and possibilities of the countries concerned.

159



A critical assessment of relevant elements of the LEFSA sequence will be
required in order to shorten and simplify the procedure.

At present, the LEFSA sequence is but a theoretical construct, based on a
great deal of experience with most of its components, but the entire
sequence as such has never been implemented. The underlying assumption is
that the separate strengths of LE and FSA can be integrated in such a way
that the resulting whole is more than its parts. While there are strong
reasons to believe that a combination of the approaches yields valuable
additional information, this assumption needs empirical verification. It is
recompvended therefore that an applied research programme be formulated to
further elaborate and test the LEFSA sequence. Such a programme must
consist of three interrelated parts or phases. Firstly, a conceptual phase
in order to refine the various steps LEFSA sequence as proposed in this
volume. Secondly, a phase to reinterpret existing case materials or
projects (e.g. FAO studies on LE and land use plamming, FSA studies) in
order to establish how an integration of the results according to the LEFSA
sequence would yield better results for land use plamming. And, thirdly, a
field testing phase where the entire LEFSA sequence is carried out in one
or preferably more than one set of conditions where an integrated
contribution to land use plamning is needed.

There is always a risk that a new approach becomes a goal in its own right
rather than an instrument to reach a higher objective. In order to avoid
the top-down imposition of LEFSA (or LE or FSA for that matter), it will be
essential to devote sufficient time with future users in developing
countries and develop appropriate training mechanisms. Last but not least,
LE, FS5A and LEFSA are but tools to help people to decide on and implement
forms of land use that are more able to meet their needs. The ultimate
significance of any formal procedure deperds on the degree to which it
addresses societal questions ard helps society to sclve these.
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GLOSSARY

Activity - A process using a technology that combines inputs to generate
particular outputs for sale, barter or household consumption. An activity
can be independently analyzed from an economic viewpoint (after FAQ, 1986).
An activity is considered a subsystem of a farm system. There exist a
similarity between the concept activity and the concepts cropping systea,
livestock system and land use type.

Agro-ecological zone - A relatively extensive area, defined in terms of
climstic corditions, major landform, hydrological regime, major soil
groupings and/or (semi-)natural vegetation, which is suited for a certain
range of crops and cultivars.

Cropping svstem - A system, comprising soil, crop, weeds, pathogen and
insect subsystems, that transforms solar energy, water, nutrients, labour
ard other inputs into food, feed, fuel or fiber. The cropping system is a
subsystem of a farm system. There exists a similarity between the concept
cropping system and the concepts activity and land use type.

Data base - A structured (non-redundant) set of data whereby the data can
be shared for different uses (questions).

Elements (of a gystem) - The components; the interactions between

components; the boundary; the inputs and outputs.
Equal parginal returns - The constant value added by the last unit of

resource in each of its altermative uses, if the returns from a limited
resource are maximized, i.e. when the input is allocated to its most

profitable use.

Farm household system - A group of usually related people who, individually
or jointly, provide management, labour, capital, land and other inputs for
the production of crops and livestock, and who consume at least part of the
farm produce.

Farming system - A class of similarly structured farm systems.

Farm system - A decision making unit, comprising the farm household,
cropping and livestock systems, that produces crop and animal products for

consumption and sale. The farm system is a subsystem of a higher level
system, such as a village or watershed (sub-region), that, in turn, forms a

component of the agricultural sector of the regional system.

Farming Systems Analysis (FSA) - A set of procedures to describe and

analyze variables and parameters at the farming systems level with the aim
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of defining solutions to constraints. FSA covers both agro-ecological and
socio-economic aspects.

Farming Systems Research (FSR) - A research methodology to translate farm
level constraints into testable technology and the testing of this
teclmology under experimental station as well as farmer conditions (on-farm
trials). FSR is usually preceded by FSA.

Formg] survey - A systematic method to obtain quantitative infermation on
characteristics of a large sample (of farms), nearly always through
interviews and measurements (e.g. of fields).

Geographic Information System - A computerized data set containing entities
with lmown coordinates.

Geo-referencing - Establishing the location of an entity (object) by
registering its %, y (and 2z) coordinates in a specific coordinate system.
Hierarchy of systems - A model of agriculture involving umits (systems)
arranged according to increasing scale and complexity, ranging from the
plant cell at the lowest to the region/nation at the highest levels.
Informal survey - Field study in which farmer interviews, direct
observations and existing information are used to acquire an understanding
of farming systems constraints and potentials.
Interactive Multiple Goal Linear Programming - An optimization technique
that allows formilation of various objectives, evaluation of the degree to
which these can be attained and the opportunities for exchange between the
different objectives.

Intercropping - The cultivation of two or more crops simultaneocusly on the
same field, with or without a row arrangement (row intercropping or mixed
intercropping). Relay intercropping is the cultivation of two or more crops
on the same field with only partially overlapping growth periods. The crops
grown in intercropping are called crop associations.

Key informant - Well-informed individual from the region or village that
can provide accurate background information; not necessarily a person of
authority.

Land - An area of the earth’s surface, the characteristics of which embrace
all reasonably stable, or predictably cyclic, attributes of the biosphere
including those of the atmosphere, the soil and underlying rock, the
hydrology, the plant and animal populations and the results of the past and
present human activity, to the extent that these attributes exert a
significant influence on present and future uses of the land by man.

Land characterjstic - A property of lamd, used to distinguish land units
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from each other. It should preferably be a property that can be measured or
estimated.

Land_evaluation - The process of assessment of the performance of land when
used for specified purposes, involving the execution and interpretation of
surveys and studies of landforms, soils, land use, vegetation, climate and
other aspects of land in order to identify and make a comparison of
promising land use types in terms applicable to the objectives of the
evaluation.

Land quality - A usually complex attribute of land which acts in a marmer
distinct from the actions of other land qualities in its influence on the
suitability of land for a specified land use type.

Land suitability - The fitness of a given type of land for a specified type

of land use.
Land suitability classification - Classification of specific types of land

in terms of their absolute or relative suitability for a specified type of
use.

Land upit - An area of land demarcated on a map and possessing specified
lard characteristics and/or qualities (identical to Land mapping unit, FAQ,
1976).

Land use plarping - Land use plarming is considered a form of (regional)
agricultural plamning. It is directed at the 'best’ use of land, in view of
accepted objectives, ard of environmental and societal opportunities and

constraints. It is meant to indicate what is possible in the future with

regard to land use ('potentials’) and what should be done to go from the
present situation to the future one, in other words, how to change land
use. In a similar sense Dent (1988) defines land use plarmming 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 land’.

Land use requirement - The conditions of land necessary or desirable for

the successful and sustained practice of a given land use type (e.g. crop

requirements, management requirements, conservation requirements).

Land use system - A specified land use type practiced on a given land unit,
and associated with inputs, outputs and possibly land improvements such as

terracing, irrigation, drainage, etc.
mw_(ﬂl - A specific kind of land use under stipulated
biophysical and socio-economic conditions (current or future), seen as a

subsystem of a farm. A land use type can be described according to its
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setting, technical specifications and requirements (see apperxlix 5, part

II). There exists a similarity between the concept land use type and the

concepts activity, cropping system and livestock system.

LEFSA sequence - A procedure for land use plamming based on an integration

and combinaticn of Land Evaluation and Farming Systems Analysis.

Limitatjons - Endogenous factors at the subsystem level, adversely

affecting system performance.

Jdvestock system - A system comprising pastures ard herds and auxiliary

feed sources transforming plant biomass into animal products. The livestock

system is a subsystem of a farm system. There exists a similarity between

the concept livestock system and the concepts activity and land use type.

Matching -

i. The process of mutual adaptation and adjustment of the deseriptions of
land use types and land qualities, which has as the main aim to find
the best combinations of (improved) land use and (improved) land
qualities.

ii. The (specific) process of comparing land use requirements with land
qualities of land umits.

Model - A simplified representation of a limited part of reality with

related elements.

Modelling - The process of developing a model and studying its behaviour.

Multilocatjonal experiments (or trials}) - Experiments conducted outside the

physical location of a research station so as to include a larger range of

edaphic and {(micro)climatic conditions.

- e jmentation - Generic term to indicate all kirnds of scientific
experimentation that are carried out to evaluate new agricultural
techmology within the context of existing cropping and livestock systems.
Main types are on-farm experiments and on-farm trials.

Opn-farm experiments - Experiments that aim at evaluating the bioclogical and

technical feasibility of improved technology in farmers' fields, while

design and supervision are the researchers’ responsibility.

On-farm trials - Experiments that aim at evaluating the economic viability

arl social acceptability of improved technology that has previously been

evaluated in on-farm experiments.

Parcel - A lamd unit as part of a farm. A certain land temure relationship

exists between the parcel and the farm household; furthermore the parcel is

managed by the farm household.

Qualitative land suitability classification - A land suitability

clasgification in which the results are expressed in qualitative terms

164



only, without quantitative estimates of outputs (crop yields), inputs, or
costs and returns.

Quantitative economic land suitability classifijcation - A quantitative land

suitability classification in which the results are expressed, at least in

part, in economic terms.

Quantitative physical land suitability classification - A land suitability

classification in which the results are expressed in physical numerical
terms (e.g. grain yields, amounts of fertilizer inputs).

Rapid Rural Appraisal - A study used as a starting point for understanding
a local situation; carried out by a multi-disciplinary team, based on
information collected in advance, direct observation and interviews. Often

associated with a 'sondeo’, or informal, preliminary, or exploratory

surveys.
Recommendation domain - A group of farmers, more or less homogeneous with

respect to a specific technology or immovation, and operating under similar
conditions, for whom comparable recommendations can be made.
Recomnaissance survey - A general purpose survey providing generalized
information on larger areas and their main features (e.g. natural resources
and their spatial distribution, usually at map scales of 1:100.000 to
1:500.000; a reconnaissance survey is mostly preliminary to more detailed
surveys which cover, for instance, selected areas with promising potentials

for development.

Regional jcultural plamning - The process of analyzing and plarming the

development of the agricultural sector of a region., It is a specific form
of intermediate level plamning of sectors and regions within the national
economy.

Regional system - A complex large scale unit, utilizing land, that produces
and transforms primary products and involves a large service sector.
Components of the regionmal system are natural resources, human resources,
the agricultural sector, the secondary and tertiary sectors.
Relatiopnal data base - A non-redundant structured set of data whereby each
entity can be related to other entities (data stored in two-dimensional
tables).

Remote sensing - Sensing the earth’'s surface using electromagnetic
radiation which is reflected or radiated by the surface. It includes air
photos and electronic scamming devices carried by aircrafts or satellites.
Remote sensing data and ilmages contribute, among others, to the monitoring,
updating and mapping of land resources, lard cover and land use.
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Representative sample - A mumber of individuals from a population, that is
selected 'at random’ arnd is large enough in relation to the 'permissable
relative error’, to allow statistical treatment and conclusions about the
population as a whole (see appendix 6).

Research strategy - The allocation of research resources to specific
activities in order to maximize the efficiency arnd effectiveness of
research according to certain societal goals (such as improving the
sustainability of production systems and/or availability of food to all
sectors of the population).

Special purpose land evalustion - A land evaluation in which the potential
types of lard use are limited in number and are clearly defined in the
objectives of the evaluation.

Sustainable land use - Land use guaranteeing contimuing productivity of
land without severe or permanent deterioration in the resources of the
land.

System - An arrangement of components (or subsystems) that process inputs
into outputs. Each system consists of boundaries, components, interactions

between components, inputs and outputs (see elements).
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Apperdix 1. A NOTE ON THE LIMITATIONS OF PLANNING.

It is good to be aware of the limitations of plamning. Plarming in general
has been criticized during the last two decades for not delivering what it
promised to deliver. This is also relevant for land use plarming. One type
of criticism is that it takes too much time and personpower. This can be
countered by approaches to plamning at the appropriate scales of intensity,
and by being very purposeful and selective in defining the required
information and the methods of obtaining the data. In this respect, see
also chapter 4 and 6, and appendices 5 and 6. Other types of criticisms are
more conceptual. These can be summarized under four points,

(1) administration bias, (2) lack of knowledge, (3) uncertain future, and

(4) harmony versus conflict.

1. Administration bias. Most plarming in developing countries is directed
by and at the govermment. Implicit often is the assumption that if the
government wants something it also happens. This however is not reality
because of a pumber of reasons. (a) The government only controls part of
the economy. (b) The government does not have the instruments to force the
non-controlled part of the economy to implement the plammed. It can only
influence and induce (via policies, programmes and projects). (¢) In the
part of the economy which the government does control, the plamed is often
poorly executed. Also, and possibly more important, some of the things
plarmed are impossible to implement. In other words the plan itself is
inadequate, or does not take into account the capacity to implement.

2. Lack of knowledge. Planning is often based on insufficient and imperfect
knowledge of the reality. If it would be possible to gather more/sufficient
data/information, this would require much time and resources (money and
qualified personpower). The efforts to collect more data to improve the
quality of plamning often have resulted in a plan that was teoo late ard
lagged behind the facts. Plarming is often out of date and out of touch.

3. Uncertain future. The future is uncertain ard can not be predicted with
any perfection, There are many unpredictable, surprising and disturbing
happenings which may prevent the implementation of a plan as designed. This
calls for a flexible type of plarming. Especially comprehensive resource-
based types of plamming, such as land use plarming, are not suited for
this, but it is also in the nature of a government organization not to be
flexible. Still, plamming forms part of what is happening in society at
large. It is therefore important to take.int:o account autonomous
developments, changes in external conditions and current events.

4. Harmony versus conflict. An implicit axiom in plamming is often the
existence of societal harmony, which is understood and worded by the
government. The government would be able to formilate the ’common
interest’, and has the right and obligation to do this. However there are
many conflicts in society, which means that interests are opposite. Big
farmers against small ones, landowners against temants, farmers against
landless labourers, government against tax payers, lmporters against
exporters, capital against labour, rural subsistence farmers against city
dwellers, food producers against food consumers, etc. Planning tries to
start from national goals like economic growth, full employment and self-
sufficiency in food, and to give everybody a fair share (income
distribution). In reality this can only be accomplished in a process of

‘negotiation’ between the important interest groups in society. To put it
in other words, ‘the’ people does not exist, a people consists of many
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groups with sometimes parallel, sometimes conflicting interests and goals.
It is therefore a fiction that the government can formulate 'the’ national
goals, and if the government does, it implicitly chooses for a certain
group or for a pre-determined compromise. In the latter case, it balances
group interests.

The above boils down to the following. A government should only plan those
areas where it is in control of resources, in particular via the allocation
of its budget, but in more general terms through its apparatus (ministries,
departments, services, authorities, local councils, etc.). Next to this a
government can try to influence other groups in society via negotiation
and/or policies, for example with regard to prices, markets, credit,
subsidies, taxes, research, extension, land reform, etc. Also via its
apparatus it can execute projects or delegate to other agencies. In

this case one has to think especially of projects for infrastructure,
irrigation, marketing facilities, extensjon, research, and programmes for
the introduction of new crops, etc. Flamming should be less comprehensive
and concentrate on the important issues within the mandate of the
government., There should be less attention for plamning and more for
implementation.

The above analysis of plarming in general is also relevant for regiomal
agricultural plamning and land use plamming. These plans should be
formulated in such a way that they take into account the contradictions in
society and that they are realistic with regard to what can be implemented
given the limited resources and power of government to influence autonomous
forces in society. It should mske plammers modest. Nevertheless plamming is
useful and necessary to accelerate development. Furthermore a government
vhich does not intervene in markets and does not implement programmes and
projects, as a consequence of non-plamming, creates a situation of ‘laisser
faire, laisser passer’, which is not necessarily in the interests of the
ma jority of the population. However being aware of the limitations of

plamming can only improve plarming.
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Appendix 2. LAND USE TYPES AS COMPONENTS OF FARMING SYSTEMS: A SIMPLE
EXAMPLE.

As part of a soil survey and land evaluation of the Chuka-South Area, Kenya
(de Meester & Legger, 1988), land use types were described and analyzed as
components of farming systems (Schipper, 1988). The area comprises two
1:50,000 topographical map-sheets of a part of the eastern slopes of the
Mount Kenya, with a total size of 1540 kmé, The type of farming in this
area depends on differences in climate and population density. The latter,
however is not independent of the differences in climate.

the most important variable is rainfall that varies
strongly over relative short distances in relation to altitude. From east
+o west over a distance of about 60 km, altitude increases from about 430 m
to about 2200 m, with a decrease in mean temperature from 24-29 °C to 14-16
oC, while at the same time average annual rainfall increases from about 600
mn to about 2400 mm. This makes the area ecologically very diversified.
Jaetzold & Schmidt (1983) distinguish 10 different agro-ecological zomes in
the area. Field observations suggest that these zones could be aggregated
ough E, and that each group - except group A, being

into five groups, A thr
not-farmed montane tropical rain forest - can be associated with a distinct

farming system (Schipper, 1988). The area is densely populated. On average
the density is about 165 persons per km“, however this ranges from 30 per
kn? in the dry lowlands in the eastern parts to 700 in the more favourable
parts, The agro-ecological groups are summarized in table 1. It is

t the classification of farming systems in this

important to note here tha 1 r
case is based on an agro-climatic zomation, although this is related to a

socio-economic variable as population density.

With regard to climate,

Table 1. Agro-ecological groups and farming systems.
Population Farming system as

gggg;gical 25:;;§ical density? chgracte!:izec.l by its

group zones main activities

a0 me ae na. T

B LH] & UM 300-600 Tea-coffee-dairy

C My & UM & WMy 400-700 Coffee-maize-beans

D My & LM, 100-400 Cotton-maize-pigeon pea

E M5 & ILg 30-100 Livestock-millet-cotton

i e Geene T
i 1Hy = Lower Highland, humid

~ Lower Highland, per huonid '
ll:l}M{(l) = Upper Midland, humid M, = Upper H}dland. sub-humid
M3 = Upper Midland, semi - humid M, = Upper Midland, transitional
IM3 ~ Lower Midland, semi -tumid 1M, = Lower Midland, transitional

Mg ~ Lower Midland, semi-arid semi -arid

----------------------------------------

Source: Schipper (1988).
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In Schipper (1988) each farming system is described in such a way as to
show the importance of the main land use types in the farming systems, as
well as their key attributes and technical specifications (see chapter
four), within the farming system. An example is provided in table 2 and -
table 3.

Table 2. Summary description of the Cotton-maize-pigeon pea farming
system.

___________________________________________________________________________

The Cotton-maize-pigeon pea farming system is based on bush fallow with
{mixed) ammual food crops such as maize, millet, sorglum, pigeon pea and
cow pea, and with cash crops {cotton, tobacco). Self-sufficiency through
subsistence farming is the first goal of the producer. Animals (Zebu
cattle, sheep and goats) are kept as a cash reserve and for meat, partly on
the holding and partly herded. Holdings are only in part adjudicated;
renting of land occurs only incidentally. The area used for this system
totals some 440 km? and carries a population of about 80,000 _people. The
population density varies between 100 and 400 persons per km?.

This farming system is confined to agro-ecological group D, zones IM3 and
1M,. The altitude of the land ranges from 760 to 1280 meter a.s.l.; the
average anmual temperature is 22-25 ©C. The various land use types in this
farming system (and their basic ecomomic data) are presented in table 3.

Table 3 suggests an average gross margin of Ksh 2,000 per year from the
main cropping activities, or some Ksh. 1,800 per hectare-year. The margin
per adult amounts to some Ksh 1,000 per person-year. The main resources of
the cotton-maize-pigeon pea system are:
land: average holding: 4,7 hectares; range: 2.2-13.8 hectares
people: average household size: B.1 persons

normative labour force: 1.1 female adult and 0.7 male adult
animals: average herd: 4 heads of cattle + 5 goats or sheep

animal traction is rare.

Part of the lard in use for this type of farming is hilly and rocky, or has
a low fertility status or a low water holding capacity (luvisols). Erosion
is a major problem on scme 40 percent of the fields and erosion control
measures such as terraces (20 percent of the farms), trash lines (60%),
trees (40%) and stonelines (30%) are common.

Source: Schipper (1988: 153 & 155).
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Appendix 3, LAND EVALUATION CASE STUDY: UPPER KALI KONTO WATERSHED,
JAVA, INDONESIA,

1. Introduction

This case study deals with land evaluation for watershed management. The
area is the upper part of a watershed and is considered to be a problem
area. There is not enough land for agricultural production. The on-going
soil erosion and (illegal) exploitation of forest land is causing damage to
downstream areas (siltation of reservoirs and lack of water in dry
periods). Quick actions are needed to improve this situation. The terms of
reference for the land evaluation, therefore, ask for information of
sufficient detail to make possible the implementation of a land use plan.
The land evaluation is thus carried out at a detailed level and includes an
economic analysis. The scale of the land unit map is 1:20,000.

The area consists of gentle to very steep volcanic slopes. The elevation
ranges from 900 to 1,900 meter a.m.s.1. The soils of the area are fertile
and very deep, partly due to recent deposits of volcanic ash from active
volcanoes located not far from the area.

The main agricultural lamnd uses are wetland rice, dryland crops (maize,
beans) and vegetable growing. Rice and vegetables generally receive
supplemental irrigation in the dry season. Dryland crops and vegetables are
grown on both terraced and non-terraced lard and also on steep slopes.
Shrubland, plantation forest and natural forest occur mainly in the higher
parts of the area. They are used by the local people for fodder, fuelwood
and timber collection. The forestland is managed by Perum Perhutani. Dairy
cattle is kept in stables in the desas and is for a large part deperdent on
fodder collected in the shrubland and forestland.

More than 85% of the population is directly involved in agricultural
production. Land is scarce. The average farm size is about 0.5 ha., Labour
resources are abundant, but seasonal labour availability is a problem.
Capital resources are limited. Soil erosion is evident throughout the
agricultural area. Erosion rates are highest on steep slopes (slumping of
sawahs)} and under dryland crop cultivation (lack of terraces or improperly
made terraces). Erosion, however, is not felt as a problem by the farmers
because the scils are deep and fertile. A sustained productivity appears
possible despite the large amounts of soil that are lost anmually,

Forestland is increasingly subject to fuelwood, fodder and timber
collection by the villagers. This exploitation of the forest is leading to
the expansion of areas covered by low-value shrubs where only few trees are
left.

Soil erosion and forest degradation have severe downstream effects:

- Rapid siltation of reservoirs used for hydropower generation and
irrigation reducing their lifetime and economic value.

- Reduced dry season flows (which are needed for irrigation) because a
large proportion of the wet-season rainfall leaves the upper watershed
as direct run-off.

2. Selection of land use types

Contimuation of the present land use will lead to:
- Aggravation of downstream problems.
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Contirmation of the collection of fuelwood and fodder from extensive
areas of forestland; and an increase of the area under low-value

shrubs at the cost of the forest.
- Increasing un(der)employment of the growing local population.

The land use types (LUTs) to be selected for the land evaluation of the
area should help to reduce the above problems. They should therefore:

- Reduce soil erosion.
Provide fodder, fuel and timber without leading to the degradation of

the natural vegetation.
Create more employment (i.e. labour-intensive land uses).

Provide subsistence food (rice) and cash income to the loecal
population.
sed on these considerations, the following LUTs were selected:

Ba

LUT 1: Irrigated wetland rice-vegetables-vegetables
LUT 2: Irrigated vegetables (continuous cropping)
LUT 3: Coffee plantation

LUT 4: Agro-forestry (pulp, fuel, fodder)

LUT 5: Timber production

LUT 6: Protection forest.

LUT 1 and 2 take care of the food (rice) and cash Income situation in the
area, LUT 3 and 4 are alternatives for the presently grown dryland crops
that provide a better soil cover and will thereby reduce soil erosion. In
addition, the LUTs will produce fodder and/or fuelwood needed by the local
people. LUT 5 caters for the regional and national requirements for timber
and provides employment for the villagers. LUT 6 is essential for areas
that are too steep or wvulnerable to allow more productive uses.

3. Description of land use Lypes
A summary description of the LUTs is provided in table 1, some general
remarks are made here.

Agricultural LUTs have as general characteristics:
- Capital and labour intensity: due to the abundance of labour and lack

of capital resources at the farm level, crop production should be
labour intensive and minimize the use of capital investment, e.g.
labour saving machinery.

- Small farm size: less than 1 ha.
Infrastructure and institutional needs:

a. Extension services: both for agricultural production and soil
conservation )
b. Credit facilities: for all production requirements. Are most

important in vegetable production, since high recurrent inputs and
capital investment with respect to soil conservation measures are

needed

c. All-weather roads: for transporting the products

d. Marketing cooperations: (for vegetable crop) to avoid
unproportionate benefits of middlemen, and for strengthening marketing
resources. Marketing of food crops can be done through village

cooperations
Produce: Anmual volume of production per ha is given separately for

each LUT, as well as armual gross margin (estimated).
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Selected land use types and their key attributes,

Table 1.

‘9961 ‘olpreypes radinog

-s1eak pg uy 2040 (9
k117141553000 pesealou] Jo] justoaoldu fuoijonIisuco pror saiinbay {g
*pooM[an] Jo a[npayds yseatey abuerie oj uotyeziuebro aberyia saxinbsy (¥

*11pal) PUR S3OTATSS UOTSUA)YD “juswonoxdu butsserta) Jo buisserzsy saitnbay fg
‘STOA9] Prath pejeolpul ayj uejuten oy uorjeladooo huijazen pue sarjijiae) Jipasd
*syusmasoxduy abeujerp *susisks woryebiarr Jo soueuajuren pue uotjeado jo uorieziuebio(-az) sanbay (2
-uorjanpoad 110} 12 W (1
enTes juesard jau = AqN futbiew ssoab = W9

(Terzajen juerd aappog

‘Butoezray ‘Buy M oee poouTang e

o - shreq K01 ~Tea1a} Y- pok 08 I 1 oquEd gyl
10 Jappog

m- 8 pooaang _.EWEE-E?

%9z 1001 InTPoH njpeR o 12z PLI poond g yani
{tetaaqeu Juerd 8 ¥ poonTang

sey1p ‘bupd A gloquil (10

00l (008 TTeug ol -8113}) 4bTy--pon 061 1 2101 83}J0) LEINT

¢(paebrin)

E O ) 0 abeqqe) sajgeyabaa

- 06€"1 L bty o11d 0%0°1 1 08 ojelod 41|

{ebeuterp 1 0%l abeqqed (pagebranr)

panardur ) 1 0 01304 mm_msgg-s:

- 08¢’t Tres by a1e18poH 01’y 1 et 201y TN

(peet 15} (puey 18} (zeof feu/slep
(o0adg x) (ooody x) azrs £]500 SIS SINUT -uew) Sjusual {puer 15) {in1)
3k feyfadn 1 feqfiy 1074 WaImoay Teided -mbar mogeq JhJeyfprela aonpolq adly asn pueq

W e R R e N S L e A e e e e T R R R R M e e M s M e et Y T S N W R T M M W A e e = e

186



-]
Forestry LUTs have as general characteristics:
- Produce: Pulp wood, fuelwood or timber.
Sizes of plots: large in the case of timber production, medium when
for agro- forestry LUTs.
- Power sources: the abundance of labour requires labour intensive LUTs.
Capital input: very high during establishment periods and low for

recurrent inputs.

The current management of Perhutani is mot considering fuelwood production.
The proposed LUTs, however, aim at the production of fuelwood for the needs
of the population. With this system, forest protection will be easier,
because collecting fuelwood will be localized at certain places. Village
fuelwood organizations are necessary and should be operated on the basis of
cooperation between the forest service and the local authorities.
Harvesting of fuelwood is, therefore, not considered as a benefit for Perum
Perfmtani. The benefit of the forest service is only in terms of pulp and
timber. Labour absorption gives benefits in terms of jobs and income for
the population. Economically, benefits are expressed in terms of net

present value.

4. Lapd unitg and their charactexistics
Figure 2 shows a simplified land unit map. Table 3 shows the land
characteristics,

---------------------------------------

Ute m
g.mtale

1fuo

(Moo

ilae

ase

doe

). Cross-secian [sheteh)

---------------------------------------------------------------------



Land units and their characteristics.

Table 3.
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5. land suitability

Table 4 shows the results of the land suitability classification. LUT 6 is
not included in this table, but is the only use that can be recommended for

land unit C. '

The main aims of the land evaluation are watershed management and reduction
of the siltation rate in downstream reservoirs. All LUT-land unit
combinations that lead to unacceptable rates of ercsion have been

classified therefore as N (Not Suitable).

Table 4. Land suitability classification.

--------------------------------------------------------------------

Land 1 2 3 4 3
unit Rice- Vegetables Coffee Agro-Timber
vegetables forestry
c Ne,a Ne,a Ne,a Ne,a Ne,a
Ul Ne,t Ne Ne,t,c §2¢ $2a
uz Ne,t S2x S2t sl s1
M S2p,t s1 S1 sl s1
A 51 S3w,t Nw Nw W

--------------------------------------------------------------------

51 = Highly suitable 83 = Marginally suitable

S2 = Moderate suitable N = Not suitable
Jimitations:
t = temperature reguirement

a = accessibility

¢ = clearing requirements x - small size of terraces

limiting the use of

e =~ erosion/slumping hazard

p = ability to pond water on draught animals
soil surface for wet rice w = oxXygen availability to
growing TOoOts

Source: Sadhardjo, 1986
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Appendix 4. THE CONCEPTUAL FRAMEWORK OF SYSTEMS ANALYSIS.

FSA draws heavily upon ecological systems for its theoretical basis. In
analogy to ecology, agriculture is described as a hierarchy of systems. A
system involves an arrangement of components {or subsystems) which process
inputs into outputs. Systems display special properties that emerge from
the interaction of components. Knowing only the parts, therefore, does not
adequately predict the behaviour of the system as a whole. In all systems
five elements are distinguished: components, interactions between
components, boundaries, inputs ard outputs. The gtructure of a system is
defined by the quantitative and qualitative characteristics of the
components and the interactions between them. The way in which inputs are
processed into outputs determines the function of a system. Within the
boundaries all relevant interactions and feedbacks are included, so that
all those components that are capable of reacting as a whole to external
stimili form a system.

Within the agricultural hierarchy, one finds the cell ardd the plant organs,
followed by the plant itself at the lowest levels. Plants combine into
crops, and crops into fields that may carry crop populations of various
species and varieties, weeds and pathogens, The farm is situated at the
next higher level. Groups of farms combine into villages or subregions.
These in turm combine into regions, which may cover a part of a country, an
entire country or even a group of countries. It appears immediately that
the higher levels in the agricultural hierarchy are less easily defined
than the lower levels. At the lower levels, the analogy with ecology poses
no problems. The plant corresponds to the level of the individual, and the
crop to the population, and the field to the commmity. The farm can be
considered an ecosystem composed of interacting human, animal and plant
populations. Farms, however, can be grouped in diverse ways, because they
display many different facets. Deperding on whether socio-economic or
biological ard physical aspects are studied, a model of the higher levels
of the agricultural hierarchy includes farms comwbined into socio-economic,
e.g. village, units or into physical land use units, such as watersheds. At
an even lager scale, for example of the region or country, ecosystems are
increasingly complex and more difficult to map. Figure 4 presents a
qualitative model of the agricultural hierarchy. It identifies levels of
analysis, systems, system components, inputs and outputs as well as units
of observation, The lowest level that is usually considered in FSA is the
crop system, with crops, i.e. the plant subsystems ard their interactions,
at the main comwponent. The crop system may involve plant populations of
varying species ard varieties. At this level, one is interested in interac-
tions between plants rather than in individual plants.

The next higher system level is the gropping system, with the field as the
correspording unit of observation. The cropping system is a land use umit
that transforms plant material and soil nutrients into useful biomass.
Cropping system components are the crop system (crops, weeds, pathogens,
insects) and land. Land refers here to the soil and the landscape charac-
teristics of the field on which the crops are grown. The cropping system
corresponds to the commmity level in ecology. Apart from solar energy,
water ard mutrients that are processed by crops, the most important inputs
are labour ard management. Labour and management are inputs provided by the
next higher level in the hierarchy, the farm system. The cropping system
may involve complex spatial and time arrangements of various crops, species
and varieties according to micro-variations in the soil. Trees found in the
field or around the homestead are included in the cropping system insofar
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as they interact with crops. Fields belong to the same cropping system if
their management ard land qualities are similar. The output of the cropping
system is useful biomass that can be used by humans as food, feed, fiber

(including thatch) and fuel,

The livestock system comprises the grazing lands and other feed sources
(hedge rows, crop residue) as well as the animals involved. A hierarchy of

animal production would involve animals, herds and livestock systems as
levels.

The next higher level in the hierarchy is the farm system. The farm system
is a decision-making and land use unit comprising the farm household,
cropping and livestock systems, that transforms land, capital (and external
inputs), labour (including genetic resources and knowledge) into useful
products that can be consumed or sold. The farm system comprises the
cropping system(s), the livestock system(s) and the farm household. Each of
these constitutes a complex subsystem by itself. In the tropics, nearly all
farms have more than one cropping and/or livestock system, e.g. upland
crops as well as irrigated paddy fields as well as home gardens, in
addition to farm yard animals or herds of small ruminants. Cropping and
livestock systems frequently interact, e.g. if crop residue is fed to
animals or mamure and animal traction are applied to crops. The role of
peremnials and trees is also analyzed at this level. The term farmipg
system is reserved for a class of similarly structured farm systems.

The farm household consists of a group of people, often related, who,
individually or jointly, provide the management, labour, capital, land and
other inputs for the production of crops amd livestock, and who consume at
least part of the farm produce. The farm household is thus the centre of
consumption, resource allocation, management and labour, and can consist of
more or less autonomous subsystems, Management, of course, is one of the
crucial variables here. Management implies decisions on objectives (e.g.
cash or food crops), on the way these are to be reached (e.g. cassava or
other crops), ard on how deviations from standards have to be corrected
during implementation (e.g. replacing plants after pest attacks). Off-farm
activities can be an important separate element in the farm household
system. A study of farm systems must also involve money and information

exchanges,

Farm systems are components of higher level systems that for simplicity
sake are called gubregions here, and may be a village, a small
administrative region, a watershed, a valley or another landscape or
geographical unit. These systems in turn are part of a regional system. The
regional system is a complex large scale land utilization unit which
produces and transforms primary products and involves a large service
sector, including urban centres. The regitmal.system can be analyzed from
an biophysical - ecological - or socio-economic perspective, Ecologically
speaking, it consists of climate, soil and vegetation and lnuman resources.
In the economic sense, regional systems comprise a primary production
sector, a secondary sector (processing of agricultural Products) and a
tertiary (services, marketing and urban) sector. The primary production

(agricultural) sector comprises all the farms in the region.

ection 3.2.1.) only a simple graphical representation is
given of the hierarchy of systems (from crop/livestock to regional system).
The dotted lines indicate how systems at each level are made up of

tems with their own components/subsystems at the

components that become sys
next lower level. Only a single system is shown at each level, but in

In figure 4 (s
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reality, of course, many systems exist at each level. Moving upwards from
the plant system to the regional system, the number of units decreases. In
other words, there are many plants in a crop population, several crops in a
field, only one or two fields in a cropping system, and perhaps only two
cropping systems in each farm system. The same applies to the higher levels
in the hierarchy. In one single region, there may be a few subregions (or
village or watersheds), but each of these consists of a miltitude of farms.

Systems interact both vertically, with systems at higher or lower levels,
and horizontally, with systems at the same level. Farm systems, for
example, interact with the regional system through flows of produce and
money, as well as with one another, through exchanges of labour or goods.

System output is limited by exogenous factors as well a by endogenous
factors. Exogenous factors or constraints are those occurring at levels
higher than that of the system inwvolved. The cropping system, i.e. the
combination of crops, land, management, weeds and so on, sets limits on
crop system outputs, for example. Higher level constraints will affect all
lower level systems, because the hierarchy is comprehensive (each system is
included in the next higher level). Climate, prices and infrastructure are
examples of factors at the regional system that may be constraining the
outputs of all lower level systems. higher level constraints may be subject
to changes at lower levels, however. The limitations imposed by rainfall, a
constraint in the regional system, may be modified at lower levels such as
in the cropping system by soils and farmer management. Consequently, even
if one is only interested in lower level systems, as in the case of crop
physiologists and geneticists, who mainly work at plant and crop systems,
constraints at higher levels must be acknowledged, such as soil mutrient
limitations (cropping system level} and constraints imposed by labour peaks
{farm system level) or consumer preferences (regicmal system).

Endogenous factors or limitations are set by subsystems within the system
or by lower level systems. Farming system outputs, for example, are limited
by labour inputs provided by the farm household (a subsystem) as well as by
the genetic potential of crop varieties (crop system). The distinction
between exogenous ard endogenous factors is essential in understanding
system performance.

Nevertheless, it must be realized that constraints and limitations do not
determine system outputs in a rigorous way. Variations between systems at
the same level may be considerable. This applies in particular to the farm
system where farmers’ choices play a role. Combinations of exogenous arnd
erndogenous constraints, for example the physical and bioclogical
environment, obviously set limits to potential production, but do not fix
the ways in which the farm system deals with the physical environment. In
the same agro-ecological (and economic) enviromment very different systems
may be operational. In the savamma region of Central Africa, for example,
hoe and ox farming systems exist side by side. Which farm system prevails
in a given case depends on household resources, access to inputs, the
division of labour and cultural factors.

Systems can be considered similar i1f they are similar in structure, i.e.
the characteristics of their components and component interactions, and in
function, i.e. the way inputs are transformed into outputs. Similarity and
degrees of similarity between systems provides the basis for classification
of systems. In the agricultural hierarchy, systems can be classified into
types at each level. At the plant system level, a distinction is made
between C3 and C4 plants according to photosynthesis patiways. Types of
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crop systems may be defined according to the dominant population, e.g. the
cassava crop system. Cropping systems can be classified in many ways, for
example according to the degree of land use intensity. Farm systems are
usually distinguished with respect to the interaction of animal and crop
production, but it may be important to consider access to resources and
degree of market integration. The classification of farm systems can never
reflect all aspects, and depends to a great extent on the purpose one has
in mind, FSA aims at defining similarities between farming or cropping
systems that are relevant to agricultural research.

Systems theory, and also FSA makes use of models. A model 1S, per defini-
tion, a simplification of reality in accordance to the purpose one has in
mind. Many authors use a simplified, standard model of the farm
system/cropping system/livestock system to analyze input/output flows. Two
types of models are used. Structural models represent the components of the
farm system, while functional models provide qualitative and where possible
quantitative flows between the components. Often the two are combined, but
a structural model can be helpful in determining the flows that need to be
investigated (for an example see figure 1 of this appendix).
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Figure 1. The flow of energy and materials (solid lines) and information
(dotted lines) in a farm system.
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In figure 1, the management of an agro-ecosystem is conceptualized as a
series of decisions based on different types of determinants.

Source: Hart, 1984.
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Apperdix 5. INFORMATION REQUIREMENTS FOR LAND USE PLANNING.

The indicators (topics) relevant for the description and analysis of
systems for land use plarming were summarized in figure 18 (section 6.1),
which is in essence figure 7 (section 4.1) with more detail. Figure 18
provides a starting point for formulating the information requirements of
land use plamning, presented in this appendix. These requirements can be
distinguished by relevant system level. Leaving aside information
requirements from the national and/or international levels, data are needed
from the regional amd/or subregional systems, and from the farm system and
subsystems. The regional and subregional levels can be subdivided into a
societal or socio-economic part and an environmental or biophysical part.
The information requirements of these parts are presented in part I and
part II of appendix 5, respectively. Information requirements of the farm
level, i.e. the farm system(s) and their components or subsystems, are
presented in part III of this appendix.

With reference to figure 18, the level in the hierarchy ard the mapping
scale determine to a large extent the degree of detail. For example, a
description of a land use type at the regional level in a recommaissance
survey will be more general than the description of a land use type or
cropping system at the farm level. Therefore, the information needs
presented here, can only be indicative. The user will have to decide for
each particular application the relevance of each item.

Part I,  SOCIO-ECONOMIC PART OF RECIONAL SYSTEMS.

Information requirements for land use plarming from the socio-economic part
of the (sub)regional systems should be very modest, as land use planning
forms only a part of the regional agricultural planning process. Pata
should only be gathered on aspects of the reglonal system which directly
influence land use. Other information is to be collected in the framework

of more general regional agricultural plamning. In pracyice it will as
difficult to draw a line as it is here in this text. Still an attempt will

be made.

Relevant aspects of the regional system, socio-economic factors, are
presented in the following checklist (see also figure 18, mumbers refer to

the mumbers in this figure).

SOCIO-ECONOMIC PART OF REGIONAL SYSTEMS: A TENTATIVE CHECKLIST.

1. norms/beliefs

* classification of natural environment and resources
* objectives and goals, differentiated per important group

* time horizons
2. commmnity structure/politics

* important groups and (power) relations between groups

* Jlocal politics .
* gEnderpﬁssues: relationships, decision making and labour distribution

* labour relations
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. policies/programmes/pro jects

* policies

a. prices

- time series of all major agricultural products and inputs at farm,
wholesale and consumer level; import and export prices
inflation rates

official price pelicy versus factual one

b. subsidies ard taxes

price support subsidies; input supply subsidies

export subsidies and taxes

import subsidies and taxes

. land ternure

land reform

tenancy

L I« TN D N |

*

programmes/pro jects
on-going arxi/or proposed programmes and projects affecting land use:
purpose, goals, actions, impact, etc.

. institutions

* research

- relevant present agricultural research

- main types of agricultural research needed as identified through,
for example, land evaluation and farming systems analysis

* extension
- irmovations/messages exterxled
- adoption rates for different immovations

* input supply

- involvement of government or semi-govermment institution
- if s0, what is mandate ard what is it actually doing

- if directly involved in trade, market share

- prices of inputs through institution

* credit

- role of banks (government and non-govermment) in credit to farms

- terms of credit (collateral, administrative procedures, pay back
period)

- interest rates

* land tenure

- role of government institutions in field of land terure

- land tenure laws ard their application in practice, e.g. tenancy
- land reform institutions

* cooperatives
- role of cooperatives with regard to credit, input supply and
marketing

* marketing boards

- mardate

- actual way of operating: market regulation, market information,
buying and selling, price setting, costs and benefits
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5. markets/prices

* labour
- employment opportunities inside and outside agriculture

- wages for different types of labour

* land
- availability of land for sale and for rent

- land prices

* capital goods
- availability, types, quality
- major trading houses
~ imports
- prices
* current inputs: seed, fertilizer, pesticides etc.
- location of markets )
- inputs availability, types of inputs, quality
- major trading houses
- imports
- prices
* farm/household products/outputs
- location of markets
- transport system
- marketing charmels for major products
marketing margins
type and degree of competition

ma jor trading houses . )
performance of marketing functions like grading, sorting, etc.

quality standards, weighing procedures
- prices

6. agro-industries

* types/products
* market shares
* contracts/prices

* employment
* value added
* export/domestic market

7. farmer organizations

* role of farmer organizations with regard to credit, input supply and

marketi _ -
* role ofn%armer organizations with regard irrigation systems and soil

conservation measures

8. set of farming systems

* interactions between farming systems
* dominance of certain farming systems
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Part 11, DRIOPHYSICA], PART OF (SUB)REGTONA], SYSTEMS / LAND USE SYSTEMS.

The headings used for indicating the areas of information requirements
follow figure 18. Information requirements of the physical-biological part
of the (sub)regional systems for land use planning are extensive. These
data come under the general headings of:

. climate/weather

goils/relief

. water/irrigation

location/access

vegetation

land use: crops/forage crops

land use: livestock/wildlife

diseases/pests.

CQ'-.IO‘\M.F“L.:MI—‘

More specific the information needs can be specified for land units and for
land use types, being the constituting parts of a land use system, see Beek
(1978). Land units have land qualities: properties that characterize a land
unit. Examples are soil moisture variability, mutrient availability,
resistance to erosion, distance to the market. Land units can 'supply’
those qualities, while land use types ’'demand’ these qualities. In
cormection to land use types, land qualities are therefore called
requirements. In chapter three more has been said about qualities and
requirements, here they serve as topics about which information will have
to be collected, 1f relevant, for both the land unit and the land use type.

The various published documents about land evaluation (FAO, 1976, 1983,
1984a, 1985, 1987) agree that land use types should be described according
to 'key attributes’ and ’requirements’. Main key attributes mentioned are:
type of product, labour intensity, capital intensity, level of techmical
knowledge, farm size, and land tenure relationships. Here, the proposed
information needs with regard to the key attributes are directed more to
the relations of a land use type with the farm systems of which it is a
part. This is called the setting. In addition, teclmical specifications are
defined. These are of an agronomic ard economic nature. Last but not least
a list with the most common requirements is given. Which requirements are
relevant in a particular land use plamming exercise deperxis on the specific
circumstances! Once it has been decided which requirements are relevant one
knows which land qualities should be taken into account with the
description of the land units.

1AND USE TYPES AS PART OF LAND USE SYSTEMS: A TENTATIVE CHECKLIST.

1) Setting

* socio-economic
-description of type of farming system
-size of farms
-importance of land use type in farming system
* description of technology
agro-ecological zone
* gseason

*
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2) Technical specification

* agronomic
-description of cultural practices
-description of (labour) operations
-quantitative inputs and outputs

* economic
-market orientation (percentage sold}
-capital intensity (capital per hectare, and/or per t-mit of product)
-labour intensity (labour per hectare, and/or per unit of product)
-costs of inputs
-costs of production
-value of outputs
-gross margin(s) per hectare, and/or per labour day
-net benefits (armmuity of ..... )

3) Requirements

In table 2 (next page) three sets of requir:'ements are given, one for .
rainfed agriculture, one for irrigated agriculture and one for extensive
grazing. For details the reader should consult FAO (1983), FaQ (1985} and
FAD (1987). Again it is important to stress that in a particular land use
planning exercise the user should only include those requirements that are
relevant, in this case those requirements that are r‘:ritic.:al for the
classification of land use types with regard to their suitability.

With regard to extensive grazing land use requirements at the forage
production level should be complemented by those at the livestock
production level (FAD, 1987), see table 1.

Table 1. Land use requirements at the livestock production level.

-------------
-----------
--------------------------------

-grazing capacity

-drinking water

-biological hazards

-climatic hazard
-accessibility to animals
-fencing or hedging

-location

-corditions for bay and silage

----------

-------------------

use plarning from land units as parts of land
f‘o;ft%:ear?ists Ef requirements of the lgrﬂ use types. As
of the interaction of certain land
€ this subject would become besides the
reader is referred to the above
i1 and land evaluation hardbooks .

use systems follow f
qualities are often the result
characteristics, a discussion ©
scope of the present document, the
mentioned FAD publications, and so

lecting data on land qualities ard 1a'md use
requiresents forn Ofrf::oife: 13 evaluation. As land evaluation is a part

zgqtll::ﬁ usgsplt:g:rgix the results of a land ev§luation form a point ;f
departure for the next step in land use plamning. An exampi 1le of such a
result, is a two-way table indicating, either qualitatively or -
: and use type for each land unit;

quantitatively, the suitability of each 1 !
compl emented {y a map indicating the land units. See table 4 of appendix 3

for an example.
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Table 2.
Rainfed agriculture:

-radiation
-temperature
-moisture

-oxygen for roots
-rutrients

-rooting
-germination/
establishment

-air humidity
-ripening

-flooding tolerance
-hazards tolerance
-salt tolerance

-80il toxicities
-pests/deceases

-workability of soil
-mechanization

~land preparation/
clearance

-storage/processing
-timing of operations
-access to parcel/field
-size of farm

-location

-erosion hazard

-80il degradation hazard

Requirements of land use types.

B R e L L L L R g

Irrigated agriculture:

-radiation
-temperature
-growing period
-water
-aeration
-Tutrients
~-rooting

-flood, storm, frost,etc
-salt tolerance
-sodicity tolerance
-pH, micronutrients,
-toxicities

-pests/deceases

-mechanization
-land clearing

-water-application

-pre-harvest management

-harvest/post-harvest

-location

-long-term erosion
-environmental hazard
-flood protection
~-drainage

-land grading
-physical, chemical/
organic aids
-leaching
-reclamation period

-irrigation engin. needs

-long term salinity/
sodicity hazard
-ground/surface water
hazard

-farmers attitudes

to irrigation

Extensive grazing,
forage production level:
-radiation

-temperature

-moisture

-oxygen for roots

-nutrients
-rooting

-flooding tolerance

-salt tolerance

-so0il toxicities
-urdesirable species

-mechanization
-soil workability

-erosion hazard

-surface sealing
-genetic potential
vegetation

-fire susceptibility
-hay/silage



Pary II1. FARMING SYSTEMS.

The headings used for indicating the areas of information needs follow
figure 18. Here information needs are related to the farm level and to the
activity or subsystem level. The information related to goals and needs, to
the decision process, and to 'stock’ information about means of production
is part of the farm level. How the means of production are allocated to and
used in the different activities, and the results (outputs and feedbacks)
obtained - ‘flow’ information - belongs to the activity or subsystem level.

FARMING SYSTEMS: A TENTATIVE CHECKLIST.

1) Farm/household level

- information about the needs/preferences of the households (’consumption
side’) and the goals of farms ('production side’}.

- special attention to intra-household decision making with regard to the
allocation and use of scarce means (‘household economics')

- composition of household, age/sex division

- availability of money

- consumption pattern )
- stock of means of production and general allocation/use

* land

- availability of land according to type and quality (parcels, related
to land units with land qualities)

- fragmentation

- tenancy arrangements

- accessability

- use of land per activity: 'cropping pattern’

* capital items

- stock of capital goods like ploughs, tractors, harvest knives, ete.
- use of capital goods per activity o

- livestock as a capital input to agricultural activities, e.g. type

and number of animals for ploughing

* labour
- availability of household labour according to sex and age

use of labour per activity per period specified according to sex and
age and according to categories as household labour, hired labour

and exchange labour \ .
- use of labour per operation {like ploughing, seeding, harvesting, etc)

* management ) .
management is the type of labour input which makes decisions about
what to produce (which activity), how much and how (which production

methods/technology) _
knowledge, skillgyam attitudes of decision maker(s)

201



2) Activity/subsystem level
1. household activities

* child care
- time allocation by whom

* collecting water and firewood
- source
- time allocation by whom

* cooking
- time allocation

* artisanal activities
- inputs and outputs
- time allocation by whom

2. off-farm activities

* off-farm/non-farm work

- number of days per year ard per pericds of year
- wage labour or exchange labour

- wages

- type of employer

- sector of the economy

* renting out of land
- how much land

- income derived

- tenancy arrangements

* renting out of capital goods

(e.g. working with oxen-span to plough land of neighbours)
- frequency and time involved
- payments received and costs incurred

3. on-farm activities

* general

- general overview: cropping pattern per season and year, rotations,
animal husbandry pattern and activities, like for example agro-
forestry (reminder: on-farm activities are related to land use types
with land use requirements in land evaluation)

- results of activities are of two types: outputs (= physical
products) and feedbacks

- outputs are mentioned under activities; important is to mention
that apart from the outputs which are used directly by the
farm household (‘subsistence’), a part is scld at 'markets’ which
provide the farm household with cash to buy inputs and consumer
products, and a part is used as capital e.g. young animals to be
used for plowing

- feedbacks can be distinguished in socio-economic feedbacks and
ecological feedbacks. The results of farming systems do influence
commmity structure, norms and believes, extermal institutions,
policies and programmes and projects,
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Also the way of farming has its influence on the natural
surroumdings for example through erosion and deforestation, or
through land improvements like sawahs.

crops
per major crop: inputs, timing of operations, technology, outputs,
value of inputs and outputs, gross margins and net returns; part
of output for subsistence and for sale; cash/kind character of
inputs.

efficiency measures as gross margin per hectare and gross margin
per labour day

types and quantity of inputs and outputs, operations, and
technology

inputs from other activities (e.g. dung from cattle)

outputs to other activities (e.g. straw to cattle)

livestock

per animal husbandry activity: type of animals, sex and ages,
inputs, timing of operations, technoclogy, outputs, value of inputs
and outputs, gross margins and net returns; part of output for
subsistence and for sale; cash/kind character of inputs
efficiency measures as gross margin per animal and gross margin
per labour day

types of animals, sex and ages, type and quantity of inputs,
operations, and technology

inputs form other activities

outputs to other activities
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Appendix 6. STATISTICAL SURVEY DESIGN.

Whereas probability sampling is normally chosen for lengthy extended
surveys, non-probability sampling (particularly accidental and purposive
sampling) are used in Rapid Rural Appraisal. A good reference source,
including an estimation of population parameters from samples, is found in
Chapter 2 of FAQ Agricultural Services Bulletin No. 41 (Dillon & Hardaker,
1980). In probability sampling, the selection of multi-stage stratified
random sampling (drawing systematic samples from an unbiased sample frame)
is to be recommended. Efficiency reasons may suggest cluster sampling.
Where no sampling frame exists, grid or line sampling are a possible
alternative. In farm management studies in West-Africa, the cost route
method (Spencer, 1972) has been popular. Houses (or parcels) are selected
at random (or systematically) along one or more routes (footpaths) leading
away from the village.

Some basic considerations

As has been shown in the main text (section 6.3), one is regularly
confronted with a range of possible survey design alternatives. One has to
choose the one appropriate to the problem at hand and the total resources
avallable for the survey. This requires a clear idea of the data needed and
the acceptable precisicn constraints, given an overall resource constraint.
When approaching the problem of sampling one should keep in mind the
following basic considerations.

Firstly, the value of sample data lies in its input as an estimation of
population parameters. The entire raison d’etre of sampling is to make an
informed guess about the likely size of the population mean and variance
from the sample data. Its ability to achieve this depends on essential
rules of probability theory, embodied in the Central Limit Theory and the
normal distribution curve. The core of the sampling process lies in the
statistical design.

Secordly, since the crucial factor governming cost is the size of the sample
it is important to understand that for a given desired range of precision
choosing too large a sample is as inefficient as too small. A common
mistake is to think in terms of sampling fractions (take a 1% or 5%
sample). Precision depends only on the size of the sample and not on the
population size.

A decision on a sample size per homogeneous group (for instance a matrix
block after stratification) is in fact deciding on a certain level of
precision of a sample mean (X).

If estimates of both the standard deviation (s) and the population mean (X)
are known {and if it can be assumed that sample mean X is -approximately-
normally distributed about the population mean), it can be shown that with
y as relative error of the sample mean and t as the Student variable, the
sample size n should become as follows: n > ((t * s)/(y * X)}2. Usually,
however, both s and X are unknown, as is the case in a farm survey. The
only solution then is to choose a modest sample size, for instance 15
sampling units and calculate the relative error at, for example, 95%
probability. If this error exceeds a previously determined permissable
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error, then the standard deviation and the mean of this sample can be used
in the above formila to obtain an estimate of the sample size requiredl.

Assuming, for instance, that s and X, based on 15 sampling units, are 9 and
17, respectively, and permissable relative error (y) is 20 percent, then
the sample size would be: ((2 * 9)/(0.2 * 17)}% = 28.028, i.e. about 13
additional sampling units are required to obtain the level of precision
demanded (at 95X probability). As both the sample mean and standard
deviation may change with a larger sample, this calculation has to be
repeated with newly found values for these parameters. .

It is clear that the sampling procedure should take account of the
possibility for an enlarged sample. This should be taken care of in the

logistics of the fieldwork.

An additional complication is that in farm economic surveys, there are many
variables included for each sampling umit, so called multi-variate
sampling. These variables may differ in their distribution and each would
require a different sample size. For plamming purposes, point estimates
will usually be sufficient, hence certain variables have to be surveyed
through an increased sample without requiring a complete set of data for
each sampling unit (Hoekstra & Lok, 1977).

The above remarks have an important bearing on the way surveys are to be
conducted. In this comnection we introduce the coefficient of_.variation
(cy), which expresses the variance in relative terms: c, = o/%, or an

estimate of &, = s/%.

From field data it appears that the ¢, becomes rather constant at a sample
size of 20-25. Deviation from this observation may be an indication that
the classification into homogeneous groups needs read justments or point at
irregularities (errors in reporting, non-response errors) in data
collecting. A continuously high c,, may mean that the variability of a
certain key variable is large and reflects the magnitude of uncertainty

involved.

It is thus advisable to organize this type of survey in such a way that for
each block in the initial matrix, a limited mumber of samples (say 20) from

an infinite population is chosen with the possibility of an ﬁxtension, once
a brief, mid-way analysis of the most important variables point at the need
for additional sampling, re-definition into homogeneous groups proper, etc.

The following example demonstrates that large samples per block (97-126) in
the matrix are umnecessary and thus costly. Table 1 compares for a number
of key variables a large sample and a sub-sample thereof (bt.-:-tween 20 and
28). The values for these key variables in the sub-sample lie in the same
order of magnitude and the c,, has an acceptable value (for this type of

farm surveys).

L At 952 robability and for samples with more than 15 units,
Student’s t-valljues remains fairly constant at about 2. Wherever possible

we would plead for uniformity in the application of t and y. Only s then
remains as a variable factor.
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As can be observed, the average gross production value decreases and the cy,
increases with decreasing reliability of irrigation from class I to class
ITI. The latter is no doubt related to the increasing magnitude of
uncertainty in irrigated rice farming, which is almost identical to rainfed
farming in class III.

Table 1. A comparison of the values of key variables obtained from a
sample and a sub-sample thereof in a farm survey of irrigated
farming , Panay, Philippines.

Quality of Selected key n X s ﬁv Remark
irrigation variables (in pesos) (in pesos) (in %)
Irrigation gross production 22 4025 860 21 subsample
class I value/ha 126 3866 842 22 sample
(g00d) = =  seemeemeecemccm e iebeeedmccecsmecmeee e
variable 22 1698 421 25 subsample
costs/ha 126 1720 390 23 sample
Irrigation gross production 28 2937 729 25 subsample
class II value/ha 115 2871 784 27 sample
(medium) —-cc-seemcmemee et e e
variable 28 1250 410 33 subsample
costs/ha 115 1366 423 31 sample
Irrigation gross production 20 1749 790 45 subsample
class 111 value/ha 97 1883 872 46 sample
{practically =-==mw--cmcmemn e eiieemnemmmece s eaa
rainfed) variable 20 822 397 48 subsample
costs/ha 97 985 412 42 sample

dh R e R W W R M M R R e e N A M R R e h A A ek B R W A U A M e A T e M R W T W R M R M s E e

Source: Cools (1978).

In the choice of desired precision, the following factors need be taken
into account.

The first one is the purpose of the data collection, which may need a high
or low degree of precision.

The second one is whether measurement or non-sampling errors are themselves
large. It is pointless to insist on a very high precision (very low
sampling errors) if the latter is the case.

Thirdly, as emphasized earlier, a good sampling frame is essential.
Fourthly, for many survey designs a prior guess about various population
estimates is required. It is also relevant where cost constraints are
critical.

Fifthly, one should realize that there is no umique survey design for all
situations. Simple random sampling may be perfectly valid in one situationm,
where in another one the choice would be stratified random or cluster
sampling.

Last, but not least, the role of effective stratification (discussed more
fully in the main text) should be mentioned once more.
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Appendix 7. LEFSA PROCEDURES FOR LAND USE PLANNING.
(Figure 8a, loose)
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