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Foreword
Land resources are limited and finite. If human populations continue to increase at the present rate there
will be twice as many people in the world in about 60 years. There is therefore an increasingly urgent
need to match land types and land uses in the most rational way possible, so as to maximize sustainable
production and satisfy the diverse needs of society while at the same time conserving fragile ecosystems
and our genetic heritage.

Land-use planning is fundamental to this process. It is a basic component, whether we are considering
mountain ecosystems, savannahs or coastal zones, and underlies the development and conservation of
forestry, range and inland as well as coastal resources. Land-use planning is also a key element in all
types of agricultural development and conservation.

These guidelines are intended to help all those involved in planning the development, management and
conservation of rural land. This includes not only specialists in land-use planning but also ministers of
agriculture and environment, extension workers, forest officers, village leaders and many others who
contribute to or are involved in planning the use of land resources. This publication provides an overview
for people who commission and adopt land-use plans. It also provides practical advice for those who
have to prepare such plans.

Land-use planning is sometimes misunderstood as being a process where planners tell people what to do,
i.e. a typical top-down situation. In this publication, land-use planning means the systematic assessment
of physical, social and economic factors in such a way as to assist and encourage land users to select
land-use options that increase their productivity, are sustainable and meet the needs of society. Farmers
and other land users can, and should, take an active part in land-use planning, bringing to bear their
special knowledge of problems, constraints and needs for improvement.

This is not an instruction manual. It is impractical to provide instructions that are sufficiently
comprehensive to apply to the diversity of climate, land resources and economic and social conditions for
which land-use plans are needed. However, the principles and methods outlined here provide a
framework for the development of detailed procedures that will deal directly with the specific problems
and opportunities of land use in individual countries.

Land-use planning is an extremely complex subject, combining physical, social and economic aspects of
land use with an assessment of potential future needs. We would, therefore, welcome comments and
suggestions as to how these guidelines could be improved. We also invite any person or group who is
interested in carrying out case-studies on particular land-use planning programmes or projects to contact
us regarding possible collaboration.

C.H. Murray
Chairman, Inter-Departmental Working Group on Land Use Planning, FAO

Plate 1: Good land use, closely matched to the potential of the land in a long-settled area
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Summary
Guidelines for land-use planning is primarily intended for people engaged in making land-use plans, or
those training to do so, including staff of local government, national agencies and international projects
in developing countries. The guidelines also provide an overview of land-use planning for administrators
and decision-makers.

Chapter 1 describes the nature and purpose of land-use planning: what it is, why it is needed, who
benefits from it and who carries it out. It describes the different levels or scales at which planning is
carried out and identifies the people involved: the land users, the decision-makers and the planning team.

Chapter 2 outlines the work involved in terms of ten steps, from the first meeting between planners and
potential users to the implementation of the land-use plan. These steps provide a logical sequence of
activities, each of which has a purpose.

Chapter 3 describes the same steps in more detail. Again, flexibility will be needed in adapting each step
to the specific circumstances of a particular plan. For each step, a Checklist is given.

Chapter 4 is for reference. It indicates some of the technical methods that are available for planning, with
references to sources of detailed information.

Technical terms are defined in the Glossary.

HOW TO USE THE GUIDELINES

Planning is a learning process and needs to be flexible. It can best be learned by doing. The ten steps
outlined in Chapters 2 and 3 need not be followed rigidly, but can be adapted to circumstances. However,
thought should be given to the purpose of each step and to whether it is needed in a particular plan. The
guidelines can be adapted to local conditions, either by producing national land-use planning handbooks
or simply by listing the needs, tasks and responsibilities for a particular project as well as allowing for
adjustments on the job.

Contents - Next
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What is land-use planning?

There is bound to be conflict over land use. The demands for arable land, grazing, forestry, wildlife,
tourism and urban development are greater than the land resources available. In the developing countries,
these demands become more pressing every year. The population dependent on the land for food, fuel
and employment will double within the next 25 to 50 years. Even where land is still plentiful, many
people may have inadequate access to land or to the benefits from its use. In the face of scarcity, the
degradation of farmland, forest or water resources may be clear for all to see but individual land users
lack the incentive or resources to stop it.

Land-use planning is the systematic assessment of land and water potential, alternatives for land use and
economic and social conditions in order to select and adopt the best land-use options. Its purpose is to
select and put into practice those land uses that will best meet the needs of the people while safeguarding
resources for the future. The driving force in planning is the need for change, the need for improved
management or the need for a quite different pattern of land use dictated by changing circumstances.

All kinds of rural land use are involved: agriculture, pastoralism, forestry, wildlife conservation and
tourism. Planning also provides guidance in cases of conflict between rural land use and urban or
industrial expansion, by indicating which areas of land are most valuable under rural use.

When is land-use planning useful?

Two conditions must be met if planning is to be useful:

• the need for changes in land use, or action to prevent some unwanted change, must be
accepted by the people involved;

• there must be the political will and ability to put the plan into effect.

Where these conditions are not met, and yet problems are pressing, it may be appropriate to mount an
awareness campaign or set up demonstration areas with the aim of creating the conditions necessary for
effective planning.



Making the best use of limited resources

Our basic needs of food, water, fuel, clothing and shelter must be met from the land, which is in limited
supply. As population and aspirations increase, so land becomes an increasingly scarce resource.

Land must change to meet new demands yet change brings new conflicts between competing uses of the
land and between the interests of individual land users and the common good. Land taken for towns and
industry is no longer available for farming; likewise, the development of new farmland competes with
forestry, water supplies and wildlife.

Planning to make the best use of land is not a new idea. Over the years, farmers have made plans season
after season, deciding what to grow and where to grow it. Their decisions have been made according to
their own needs, their knowledge of the land and the technology, labour and capital available. As the size
of the area, the number of people involved and the complexity of the problems increase, so does the need
for information and rigorous methods of analysis and planning.

However, land-use planning is not just farm planning on a different scale; it has a further dimension,
namely the interest of the whole community.

Planning involves anticipation of the need for change as well as reactions to it. Its objectives are set by
social or political imperatives and must take account of the existing situation. In many places, the
existing situation cannot continue because the land itself is being degraded (Plate 2). Examples of unwise
land use include: the clearance of forest on steeplands or on poor soils for which sustainable systems of
farming have not been developed; overgrazing of pastures; and industrial, agricultural and urban
activities that produce pollution. Degradation of land resources may be attributed to greed, ignorance,
uncertainty or lack of an alternative but, essentially, it is a consequence of using land today without
investing in tomorrow.

Plate 2: A land-use problem: illegal clearance of forest in Sri Lanka

Land-use planning aims to make the best use of limited resources by:

• assessing present and future needs and systematically evaluating the land's ability to
supply them;

• identifying and resolving conflicts between competing uses, between the needs of
individuals and those of the community, and between the needs of the present generation
and those of future generations;

• seeking sustainable options and choosing those that best meet identified needs;

• planning to bring about desired changes;

• learning from experience.

There can be no blueprint for change. The whole process of planning is iterative and continuous. At
every stage, as better information is obtained, a plan may have to be changed to take account of it.

Goals



Goals define what is meant by the "best" use of the land. They should be specified at the outset of a
particular planning project. Goals may be grouped under the three headings of efficiency, equity and
acceptability and sustainability.

Efficiency. Land use must be economically viable, so one goal of development planning is to make
efficient and productive use of the land. For any particular land use, certain areas are better suited than
others. Efficiency is achieved by matching different land uses with the areas that will yield the greatest
benefits at the least cost.

Efficiency means different things to different people, however. To the individual land user, it means the
greatest return on capital and labour invested or the greatest benefit from the area available. Government
objectives are more complex: they may include improving the foreign exchange situation by producing
for export or for import substitution.

Equity and acceptability. Land use must also be socially acceptable. Goals include food security,
employment and security of income in rural areas. Land improvements and redistribution of land may be
undertaken to reduce inequality or, alternatively, to attack absolute poverty.

Box 1
The planning process

Land-use planning can be expressed in the following questions:

• What is the present situation?

• Is change desirable? If so:

- What needs to be changed?

Land-use problems and opportunities are identified by discussions with the people
involved and by the study of their needs and the resources of the area.

- How can the changes be made?

Planners seek a range of ways to make use of the opportunities and solve the problems.

- Which is the best option?

Decision-makers choose the best option, based on forecasts of the results of implementing
each alternative.

- How far is the plan succeeding?

Once a land-use plan is put into effect, planners monitor progress made towards its goals
and change the plan if necessary.

One way of doing this is to set a threshold standard of living to which those of target groups should be
raised. Living standards may include levels of income, nutrition, food security and housing. Planning to
achieve these standards then involves the allocation of land for specific uses as well as the allocation of
financial and other resources.

Sustainability. Sustainable land use is that which meets the needs of the present while, at the same time,



conserving resources for future generations. This requires a combination of production and conservation:
the production of the goods needed by people now, combined with the conservation of the natural
resources on which that production depends so as to ensure continued production in the future.

A community that destroys its land forfeits its future. Land use has to be planned for the community as a
whole because the conservation of soil, water and other land resources is often beyond the means of
individual land users.

Box 2
Acceptability - an example

Following the drought of 1973/74 and the subsequent famine, the Government of Ethiopia became
more aware of the serious degradation of soil in the highlands.

An ambitious soil conservation programme has concentrated on protecting steep slopes by bunding and
afforestation. This has made a substantial impact on soil erosion but has not contributed much to
increased agricultural production. Large-scale afforestation is also unpopular with local people because
it reduces the area available for livestock grazing while forest protection implies denying access for
fuelwood collection. A balance between the competing requirements of conservation and production is
clearly needed if popular support for soil conservation work is to continue without inducements such as
the Food-for-Work Programme.

A land-use plan to conserve steeper slopes by restoring good vegetative cover through closure, followed
by controlled grazing, has been found to be more acceptable to the local people than large-scale
afforestation applied in isolation.

Trade-offs between conflicting goals

Clearly, there are conflicts between these goals. More equity may mean less efficiency. In the short term,
it may not be possible to meet the needs of the present without consuming resources, for example by
burning oil or clearing areas of natural forest. Decision-makers have to consider the trade-off between
different goals but, if the system as a whole is to survive, the use of natural assets must be compensated
by the development of human or physical assets of equal or greater worth.

Good information is essential; that is, information about the needs of the people, about land resources
and about the economic, social and environmental consequences of alternative decisions. The job of the
land-use planner is to ensure that decisions are made on the basis of consensus or, failing that, informed
disagreement.

In many cases, planning can reduce the costs in trade-off, for example by introducing appropriate new
technology. It can also help to resolve conflict by involving the community in the planning process and
by revealing the rationale and information on which decisions are based.

The focus of land-use planning

Planning is for people

People's needs drive the planning process. Local farmers, other land users and the wider community who
depend on the land must accept the need for a change in land use, as they will have to live with its



results.

Land-use planning must be positive. The planning team must find out about people's needs and also the
local knowledge, skills, labour and capital that they can contribute. It must study the problems of existing
land-use practices and seek alternatives while drawing the public's attention to the hazards of continuing
with present practices and to the opportunities for change.

Regulations to prevent people doing what they now do for pressing reasons are bound to fail. Local
acceptability is most readily achieved by local participation in planning. The support of local leaders is
essential while the participation of agencies that have the resources to implement the plan is also
important.

Land is not the same everywhere

Land is, self-evidently, the other focus of land-use planning. Capital, labour, management skills and
technology can be moved to where they are needed. Land cannot be moved, and different areas present
different opportunities and different management problems. Nor are land resources unchanging: this is
obvious in the case of climate and vegetation, but examples such as the depletion of water resources or
the loss of soil by erosion or salinity are reminders that resources can be degraded, in some cases
irreversibly. Good information about land resources is thus essential to land-use planning.

Technology

A third element in planning is knowledge of land-use technologies: agronomy, silviculture, livestock
husbandry and other means by which land is used. The technologies recommended must be those for
which users have the capital, skills and other necessary resources; that is, appropriate technology. New
technologies may have social and environmental implications that should be addressed by the planner.

Integration

A mistake in early attempts at land-use planning was to focus too narrowly on land resources without
enough thought given to how they might be used. Good agricultural land is usually also suitable for other
competing uses. Land-use decisions are not made just on the basis of land suitability but also according
to the demand for products and the extent to which the use of a particular area is critical for a particular
purpose. Planning has to integrate information about the suitability of the land, the demands for
alternative products or uses and the opportunities for satisfying those demands on the available land, now
and in the future.

Therefore, land-use planning is not sectoral. Even where a particular plan is focused on one sector, e.g.
smallholder tea development or irrigation, an integrated approach has to be carried down the line from
strategic planning at the national level to the details of individual projects and programmes at district and
local levels.

Planning at different levels

Land-use planning can be applied at three broad levels: national, district and local. These are not
necessarily sequential but correspond to the levels of government at which decisions about land use are
taken.

Different kinds of decision are taken at each level, where the methods of planning and kinds of plan also



differ. However, at each level there is need for a land-use strategy, policies that indicate planning
priorities, projects that tackle these priorities and operational planning to get the work done.

The greater the interaction between the three levels of planning, the better. The flow of information
should be in both directions (Fig. 1). At each successive level of planning, the degree of detail needed
increases, and so too should the direct participation of the local people.

Box 3
Land-use regulations - a comment

The following observations, made by an FAO field staff member, could apply to almost any developing
country:

• "There are a lot of regulations here - for example, forest conservation, fisheries - that are
flouted with the connivance of the officials who are supposed to enforce them. Regulations
have to be publicly accepted if they are to work. There aren't enough policemen to go
around imposing unwanted regulations in rural areas."

• "Land-use planning is as much a matter of public education as of land-use zoning and
regulation."

Figure 1: Two-way links between planning at different levels

National level

At the national level, planning is concerned with national goals and the allocation of resources. In many
cases, national land-use planning does not involve the actual allocation of land for different uses, but the
establishment of priorities for district-level projects. A national land-use plan may cover:

• land-use policy: balancing the competing demands for land among different sectors of the
economy food production, export crops, tourism, wildlife conservation, housing and public
amenities, roads, industry;

• national development plans and budget: project identification and the allocation of
resources for development;

• coordination of sectoral agencies involved in land use;

• legislation on such subjects as land tenure, forest clearance and water rights.

National goals are complex while policy decisions, legislation and fiscal measures affect many people
and wide areas. Decision-makers cannot possibly be specialists in all facets of land use, so the planners'
responsibility is to present the relevant information in terms that the decision-makers can both
comprehend and act on.

District level

District level refers not necessarily to administrative districts but also to land areas that fall between
national and local levels. Development projects are often at this level, where planning first comes to grips
with the diversity of the land and its suitability to meet project goals. When planning is initiated
nationally, national priorities have to be translated into local plans. Conflicts between national and local



interests will have to be resolved. The kinds of issues tackled at this stage include:

• the siting of developments such as new settlements, forest plantations and irrigation
schemes;

• the need for improved infrastructure such as water supply, roads and marketing facilities;

• the development of management guidelines for improved kinds of land use on each type of
land.

Local level

The local planning unit may be the village, a group of villages or a small water catchment. At this level,
it is easiest to fit the plan to the people, making use of local people's knowledge and contributions. Where
planning is initiated at the district level, the programme of work to implement changes in land use or
management has to be carried out locally. Alternatively, this may be the first level of planning, with its
priorities drawn up by the local people. Local-level planning is about getting things done on particular
areas of land - what shall be done where and when, and who will be responsible.

Box 4
Starting at the local level: bottom-up planning

"Bottom-up" planning is initiated at the local level and involves active participation by the local
community. The experience and local knowledge of the land users and local technical staff are
mobilized to identify development priorities and to draw up and implement plans.

The advantages are:

• local targets, local management and local benefits. People will be more enthusiastic about
a plan seen as their own, and they will be more willing to participate in its implementation
and monitoring;

• more popular awareness of land-use problems and opportunities;

• plans can pay close attention to local constraints, whether these are related to natural
resources or socio-economic problems;

• better information is fed upwards for higher levels of planning

The disadvantages are that:

• local interests are not always the same as regional

• or national interests;

• difficulties occur in integrating local plans within a wider framework;

• limited technical knowledge at the local level means technical agencies need to make a
big investment in time and labour in widely scattered places;

• local efforts may collapse because of a lack of higher-level support or even obstruction.



Examples are:

• the layout of drainage, irrigation and soil conservation works;

• the design of infrastructure - road alignment and the siting of crop marketing, fertilizer
distribution, milk collection or veterinary facilities;

• the siting of specific crops on suitable land.

Requests at the local level, e.g. for suitable areas to introduce tobacco or coffee, must be met with firm
recommendations. For instance, "this land is suitable, this is not; these management practices are needed;
it will cost so much and the expected returns are so much".

Planning at these different levels needs information at different scales and levels of generalization. Much
of this information may be found on maps. The most suitable map scale for national planning is one by
which the whole country fits on to one map sheet, which may call for a scale from 1:5 million to 1:1
million or larger. District planning requires details to be mapped at about 1:50000, although some
information may be summarized at smaller scales, down to 1:250000.

For local planning, maps of between 1:20000 and 1:5000 are best. Reproductions of air photographs can
be used as base maps at the local level, since field workers and experience show that local people can
recognize where they are on the photos.

Box 5
Land-use, sectoral and integrated rural development plans

Land-use plans

• Allocate land to different kinds of land use;
• specify management standards and inputs;
• coordinate the work of sectoral agencies related to land use.

Sectoral plans

• These are projects and programmes of sectoral agencies, for example the forestry
department and the irrigation department.

Integrated rural development plans

• Coordinate all aspects of rural development, including health, education, transport and
land use.

Land use in relation to sectoral and development planning

Land-use planning is non-sectoral by definition but, unless a special planning authority is set up, a plan
must be implemented by sectoral agencies - in agriculture, forestry, irrigation, etc. Implementation will
call for help from the different extension services.

There can be no clear boundary between land-use planning and other aspects of rural development. For
example, a desirable change in land use may be the introduction of a cash crop. Successful management
may require the use of fertilizer. This cannot be done unless there are local centres for fertilizer



distribution, effective advice on its use and a system of credit for its purchase.

Local services will be of no use without an adequate national distribution system and the sufficient
manufacture or allocation of foreign currency for imports. Building a fertilizer factory and organizing
national distribution are certainly not part of land-use planning but they may be essential for the success
of planned land use. On the other hand, the siting of local distribution centres in relation to population
and suitable land could well be part of the work of a land-use planner.

Therefore, there is a spectrum of activities ranging from those that focus on the interpretation of the
physical qualities of the land, for which the land-use planner will be largely responsible, to those that
need a combined input with other technical specialists. Furthermore, where matters of national policy -
adequate prices for crops, for example - are prerequisites for successful land use, the planner's job is to
say so clearly.

Figure 2: People in planning

People in planning

Land-use planning involves getting many different people to work together towards common goals.
Three groups of people are directly involved (Fig. 2):

Land users. These are the people living in the planning area whose livelihood depends wholly or partly
on the land. They include not only farmers, herders, foresters and others who use the land directly but
also those who depend on these people's products, e.g. operators in crop or meat processing, sawmills
and furniture factories. The involvement of all land users in planning is essential. Ultimately, they have
to put the plan into effect and must therefore believe in its potential benefits as well as in the fairness of
the planning process.

The experience and determination of local people in dealing with their environment are often the most
neglected, as well as the most important, resource. People will grasp development opportunities that they
themselves have helped to plan more readily than any that are imposed on them. Without the support of
local leaders, a plan is not likely to succeed.

Achieving effective public participation in planning is a challenge. Planners have to invest the time and
resources needed to secure participation through local discussions, by broadcasting and newspaper
articles, through technical workshops and extension services. Imagination, a sincere interest in people
and the land as well as a willingness to experiment mark the more successful efforts.

Decision-makers. Decision-makers are those responsible for putting plans into effect. At national and
district levels, they will usually be government ministers; at the local level, they will be members of the
council or other authorities.

The planning team provides information and expert advice. The decision-makers guide the planning team
on key issues and goals while also deciding whether to implement plans and, if so, which of the options
presented should be chosen. Although the leader of the planning team is in charge of day-to-day planning
activities, the decision-maker should be involved at regular intervals.

Decision-makers also have a key role in encouraging public participation through their willingness to
expose their decisions and the way they are reached to public scrutiny.



The planning team. An essential feature of land-use planning is the treatment of land and land use as a
whole. This involves crossing boundaries between disciplines (natural resource, engineering, agricultural
and social sciences), so teamwork is essential. Ideally, a team needs a wide range of special expertise; for
example a soil surveyor, a land evaluation specialist, an agronomist, a forester, a range and livestock
specialist, an engineer, an economist and a sociologist.

Such a range may only be available at the national level. At the local level, a more typical planning team
may consist of a land-use planner and one or two assistants. Each must tackle a wide range of jobs and
will consequently need specialist advice. Government agency staff and universities may be useful
sources of assistance.

Application

These guidelines are written in general terms, applicable to any environment or region. Many problems
of land use are specific to particular areas, not only because of their differing physical environments but
also because of local social conditions such as those of land tenure.

To acquire the feel of land-use planning, it is useful to read these guidelines in conjunction with
examples of planning in practice. Thirteen such examples are assembled in the report, Land-use planning
applications. Proceedings of the FAO Expert Consultation 1990 (FAO, 1991b). Other accounts of
land-use planning, including national handbooks and sources of examples, are listed in Chapter 4.

Contents - Previous - Next
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Chapter 2. Overview of the planning process

The need for flexibility
Planning and implementation
Planning as an iterative process
The land-use plan

Every land-use planning project is different. Objectives and local circumstances are extremely varied, so
each plan will require a different treatment. However, a sequence of ten steps has been found useful as a
guide. Each step represents a specific activity, or set of activities, and their outputs provide information
for subsequent steps.

Following is an outline of the steps which are described more fully in the next chapter (see also Figs 3
and 4).

Step 1. Establish goals and terms of reference. Ascertain the present situation; find out the needs of the
people and of the government; decide on the land area to be covered; agree on the broad goals and
specific objectives of the plan; settle the terms of reference for the plan.

Step 2. Organize the work. Decide what needs to be done; identify the activities needed and select the
planning team; draw up a schedule of activities and outputs; ensure that everyone who may be affected
by the plan, or will contribute to it, is consulted.

Step 3. Analyse the problems. Study the existing land-use situation, including in the field; talk to the land
users and find out their needs and views; identify the problems and analyse their causes; identify
constraints to change.

Step 4. Identify opportunities for charge. Identify and draft a design for a range of land-use types that
might achieve the goals of the plan; present these options for public discussion.

Step 5. Evaluate land suitability. For each promising land-use type, establish the land requirements and
match these with the properties of the land to establish physical land suitability.

Step 6. Appraise the alternatives: environmental, economic and social analysis. For each physically
suitable combination of land use and land, assess the environmental, economic and social impacts, for the
land users and for the community as a whole. List the consequences, favourable and unfavourable, of
alternative courses of action.

Step 7. Choose the best option. Hold public and executive discussions of the viable options and their
consequences. Based on these discussions and the above appraisal, decide which changes in land use
should be made or worked towards.

Step 8. Prepare the land-use plan. Make allocations or recommendations of the selected land uses for
the chosen areas of land; make plans for appropriate land management; plan how the selected



improvements are to be brought about and how the plan is to be put into practice; draw up policy
guidelines, prepare a budget and draft any necessary legislation; involve decision-makers, sectoral
agencies and land users.

Step 9. Implement the plan. Either directly within the planning process or, more likely, as a separate
development project, put the plan into action; the planning team should work in conjunction with the
implementing agencies.

Step 10. Monitor and revise the plan. Monitor the progress of the plan towards its goals; modify or
revise the plan in the light of experience.

In a still broader view, the steps can be grouped into the following logical sequence:

• Identify the problems. Steps 1-3.
• Determine what alternative solutions exist. Steps 4-6.
• Decide which is the best alternative and prepare the plan. Steps 7-8.
• Put the plan into action, see how it works and learn from this experience. Steps 9-10.

Figure 3: Steps in land-use planning

The need for flexibility

These steps, and the detailed procedures described under each, should not be followed rigidly. The
circumstances of different land-use planning projects are highly varied and the guidelines presented here
should be adapted to make the best of the local situation. What is important is to understand the purpose
of each step or detailed procedure so that a decision can be made on whether it needs to be followed
through, modified or omitted in the specific situation.

The above outline of steps and the descriptions that follow refer to the preparation of a specific land-use
plan in response to a perceived need. It is not always possible to work through the procedures step by
step in this way. Two other approaches are possible: emergency planning and incremental planning.

Emergency planning

Land-use planners are often called in when a problem situation has already been identified, for example
severe soil erosion or the onset of salinization in an irrigation scheme. An immediate diagnosis has to be
made on the basis of a field visit and whatever information is to hand. Recommendations for remedial
action are needed at once. In this situation, the planning process begins at Step 3, analysis of problems,
and ends with a highly compressed version of Steps 4 to 10. No general procedure can be offered but this
kind of work needs an experienced team with a breadth of expertise in land resources, social sciences and
the legal and administrative aspects of land use.

Figure 4: Steps in land-use planning: inputs, activities and outputs

Source: Dent and Ridgway (1986).



Box 6
Contents of the land- use plan

Executive summary. A summary of the goals, proposed changes in land use and methods for
implementation of the plan, giving a clear overview of the essentials.

Terms of reference. Area, problems and goals (Step 1).

Land-use problems. Existing land-use systems and their problems (environmental, economic, social),
constraints, environmental conservation standards (Step 3).

Land-use types and management. Improved systems of land use recommended for the area; how
these should be managed on each land unit, for example drainage, crop varieties, tree species, fertilizer
(Step 4).

Land suitability. Maps, tables and explanatory text showing the physical land suitability for each
land-use type on each land unit (Step 5).

Appraisal of alternatives. Analysis of the environmental, economic and social consequences of
alternative options for changes in land use (Step 6).

Recommended changes in land use. A statement on which changes in land use have been selected,
together with reasons for these decisions (Step 7).

The land-use plan. Maps and text showing the selected changes in land use, and where they are to be
implemented or recommended (Step 8).

Implementation of the plan. How the planned improvements are to be put into practice; requirements
for staffing, training, extension, infrastructure, supplies, research; timing and budget (Step 8).

Procedures for monitoring and revision. How the degree of success of the plan is to be assessed;
procedures for ongoing revision (Step 10).

Supporting information. Detailed information gathered in the course of the planning exercise (for
example rainfall variability, soil survey, forest inventory, population data, maps and statistics of present
land use, study of marketing facilities, summary of interviews with farmers). This is so that people can
understand the reasons for decisions taken and, where appropriate, re-evaluate selected aspects in the
light of changes in circumstances.

Incremental planning

Planning does not necessarily have to proceed by means of specific, time-bound plans. It can proceed
incrementally, by making small local changes. An advantage is that mistakes, for example a crop variety
that is attacked by a pest, can be identified early on before losses have become serious. This is how
individual land users operate, but planners can also contribute. They can assist change by offering their
own skills, for example technical knowledge of small-scale irrigation methods, and by being agents in
bringing in outside resources.

The initiative for incremental planning is likely to come from the land users (bottom-up planning). It
requires that the planning agency should be on the spot and continuously in touch with the land users,



and it is therefore more likely to be conducted by a national land-use planning agency or its district
branches than by a specially convened external team. In formal terms this approach again commences
with a perceived problem, Step 3, followed by a compressed version of Steps 4 to 10 in which one or
more solutions to the problem are identified, their consequences considered and action taken.

Planning and implementation

Plans are made in order to be put into practice; the effort put into the planning exercise is wasted if this is
not done. Occasionally, the outcome of the planning process may be a recommendation that changes are
undesirable or impracticable but, normally, successful implementation marks the achievement of the
goals of the plan.

In most cases, however, implementation is not part of the planning process as such, but is a separate
exercise. Step 8 prepares for implementation while Step 10 is the planning activity which continues in
parallel with it. In these guidelines, the description of Step 9 is an account of the potential roles of the
planning team in implementation.

At the national level, implementation is usually a matter of government decisions on priorities. In
planning at the district level, implementation will often be achieved through a development project,
requiring considerably greater resources of personnel and finance than the planning exercise. In this
circumstance, Steps 8 and 9 are effectively a pre-project evaluation. It is only at the local level that
implementation may be more integral with planning, using the same team and resources.

Planning as an iterative process

Planning has to be continuous. There is never enough knowledge about the land and its response to
management and, as more information and experience are gained, plans have to be changed. Figures 3
and 4 show the planning process progressing in logical steps, one after another, although in practice it is
often necessary to repeat earlier steps in the light of experience. In particular, the land-use proposals
arrived at by Step 7 should be open to discussion and may be recast several times by repeating earlier
steps of the planning process before a firm choice is made and the plan implemented. Further changes
may be needed during the lifetime of a plan because external conditions change, for example the
development of new markets for a product or a change of government policy.

The planner's task is never finished! Some of the changes in land use may have proved unsuccessful.
Frequently, changes that were desirable five, ten or 20 years ago are no longer suited to present
circumstances. The circular or iterative nature of land-use planning suggested in Figure 3 has an element
of truth in it; a time may come when monitoring and revision of a previous plan is no longer sufficient
and the planners will need to shift from Step 10 of an earlier plan to Step 1 of a new one.

The land-use plan

The planning exercise will normally be presented as a report with maps. For more substantial plans, the
report is likely to consist of a relatively short executive summary; a main text volume, with maps,
describing the changes proposed; and one or more volumes of appendixes giving supporting data. An
outline of what the report is likely to contain is given in Box 6, Contents of the land-use plan, which
indicates the steps that have contributed to each section.
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Chapter 3. Steps in land-use planning

Step 1. Establish goals and terms of reference
Step 2. Organize the work
Step 3. Analyse the problems
Step 4. Identify opportunities for change
Step 5. Evaluate land suitability
Step 6. Appraise the alternatives: environmental, economic and social analysis
Step 7. Choose the best option
Step 8. Prepare the land-use plan
Step 9. Implement the plan
Step 10. Monitor and revise the plan

This section sets out the tasks involved in making a land-use plan following the ten steps outlined in the
previous chapter. For each step it gives:

• the objectives, i.e. why the step is needed;
• the main activities included;
• the information to be collected and its sources;
• the people involved and their responsibilities.

Each step is summarized by means of a Checklist.

Further details of methods available, with sources which can be consulted for details, are given in
Chapter 4. An aspect common to all of the steps is that of "information management" (see Chapter 4, p.
75, and Glossary).

As already emphasized, these steps should be treated as guidelines to be adapted to the circumstances of
specific plans.

Step 1. Establish goals and terms of reference

Getting started

The planning effort is launched by discussions between those who want the plan (land users and
government) and the planners. This crucial first step should be a mutual exchange of ideas and
information.

The decision-makers and representatives of the people of the planning area have to brief the planner
about the problems of the area and what they want to achieve. The planner has to make clear how a
land-use plan might help. A reconnaissance field tour, during which representatives of the people
concerned are met, can be especially useful.



The planning assignment

The following tasks may be included in this first step of planning. Some of them will be repeated in more
detail in Steps 3 and 4.

• Define the planning area. Determine and map its location, size, boundaries, access and centres of
population.

• Contact the people involved. Before any decisions are taken, representatives of the farmers and other
land users likely to be affected by the plan should be contacted and their views obtained. This serves two
purposes: first, it provides the planning team with an inside view of the real situation; second, it means
that the land users are aware that changes are being considered instead of being confronted with them
subsequently as something imposed from above. Make sure that all groups of people are contacted,
including women's organizations, ethnic minorities, pastoralists as well as cultivators. Particular attention
should be given to ways in which minorities depend on land resources, e.g. through the collection of
minor forest products.

• Acquire basic information about the area. This is a first stage of gathering information which will be
acquired in more detail in later steps. It is needed at this point to establish what the plan is intended to
achieve. The kinds of information needed are outlined in Basic information about the area (p. 18).

• Establish the goals. The goals may arise from local problems (e.g. low crop yields, fodder shortages) or
from national policy and development priorities (e.g. crops for export). At any particular level, the goals
may have been derived from higher levels (from national to district and local) or lower levels (by the
amalgamation of local needs) - top-down and bottom-up planning, respectively. List the problems of the
area and the benefits sought; distinguish between long-term goals and those that can be achieved in the
planning period; isolate those goals of higher-level plans that apply to the area and those that do not.

• Identify the problems and opportunities. Illustrate the present land-use situation. Identify the problems
that the plan is intended to tackle and the opportunities for improvement.

• Identify constraints to implementation. Constraints to the implementation of the proposed plan may be
legal, economic, institutional, social or environmental. The design of any interventions must explicitly
recognize the capacity of government, other organizations and land users to implement them. The
resources available must be specified.

• Establish the criteria by which land-use decisions will be made. For example, the option chosen may
be the one which promises the highest return on investment, or the one which will sustain the greatest
rural population. Where there are several criteria, decide on their relative importance.

• Set the scope of the plan. How much is the plan supposed to cover? Will other plans still be in effect?
For example, will roads or other basic services be covered by the plan?

• Set the planning period. This is the length of time for which the plan will operate. It could be three or
five years or longer, and may be broken down into phases for review and revision.

• Agree on the content and format of the plan. What will the plan contain? How will it be presented?
For example, will it include new crops, improved techniques of land management, extension services,
improvements in infrastructure or new legislation? The format depends on the people who have to be



informed and involved; identify the different groups of people concerned.

• Decide operational questions. These include the funding of the planning operation, the authority and
organization of the team, facilities, cooperation with other agencies, record-keeping and reporting
arrangements, key people who can help or who need to be informed and the plan's production schedule.

Basic information about the area

To get started, the planning team will need some basic information about the land, the people and the
organization of administration and services. This information will be obtained in more detail in the
analysis of problems in Step 3. In Step 1, the planner must find out what is available and where to get it,
and must identify the people who can serve as contacts between the planning team, specialist agencies
and the local community. The planner must also find out which essential data are not available, so that
surveys can be scheduled and costed. The range of information and amount of detail needed will vary
according to the level of planning. Following are examples of information that may be required:

• Land resources. Climate, hydrology, geology, landforms, soils, vegetation (including forest and pasture
resources), fauna, pests and diseases. Sources include topographic base maps, air photographs and
satellite imagery, existing surveys and departmental records. (See Natural resource surveys, p. 78)

• Present land use. Surveys and departmental records of land use, farming systems, forestry, production
levels and trends.

• Present infrastructure. Transport, communication and services to agriculture, livestock management
and forestry.

• Population. Numbers, demographic trends, location of settlements, the role of women, ethnic groups,
class structure, leadership.

• Land tenure. Legal and traditional ownership and user rights for land, trees and grazing; forest reserves,
national parks. (See Land tenure, p. 81)

• Social structure and traditional practices. Land use is tied up with the history and culture of the people
and has usually evolved over a long period. Understanding the present situation is a prerequisite for
devising improvements.

• Government. Administrative structure and key authorities; services provided and demands placed upon
them. Ask representatives of the various agencies active in the area to brief the planning team.

• Legislation. Laws and regulations that affect land use; traditional law and custom; whether laws are
enforced. (See Legislation for land use, p. 81.)

• Non-governmental organizations (NGOs). Find out about NGOs in the planning area, for example
farming and marketing cooperatives, that may have roles in planning or implementing a land-use plan.

• Commercial organizations. Contact any commercial organizations, e.g. mining companies, whose
interests may be affected.

Terms of reference and budget

Step 1 is the foundation of the land-use plan. Misconceptions arising at this stage may be difficult to



clear up later. In particular, it is essential to develop close working relationships between the land users,
the decision-makers, the planning team and other participants of the planning process.

A major requirement of this step is to identify the main components of the planning project. From these,
the terms of reference should be defined broadly enough to allow flexibility in finding solutions to the
land-use problems identified while staying within the limits of the time and resources available.

The output from this step will be a project document (or similar statement) giving the terms of reference
of the planning exercise, including its goals, specific objectives, time required and the necessary budget.

CHECKLIST
Step 1

GOALS AND TERMS OF REFERENCE

Responsibility: decision-makers and planners together

• Define the planning area.

• Contact the people involved.

• Acquire basic information about the area:

-land resources
- present land use
- infrastructure
- population
- land tenure
- social structure
- government
- NGOs
- commercial organizations

• Establish the goals.

• Make a preliminary identification of problems and opportunities.

• Identify constraints to implementing improvements.

• Establish the criteria for making decisions on land use.

• Set the scope of the plan.

• Set the planning period.

• Agree on the content and format of the plan.

• Decide on operational questions for the planning project: personnel, cooperating agencies, timing,
budget.

Step 2. Organize the work

What the work plan does



Work planning is not exciting. If it is not done thoroughly, however, the consequences can be a lack of
coordination, frustration and needless delays. Of course, unpredictable events will occur but good
organization can forestall many problems and help everyone to work together by focusing their energies.

This step transforms the general planning procedure from Step 1 into a specific programme of work. It
says what needs to be done, decides on the methods, identifies who will do it, specifies the
responsibilities of each team member, schedules personnel and activities and allocates resources for the
ensuing steps in the planning process.

Why is it needed?

Coordination of the very diverse activities involved in land-use planning is important because:

• Many tasks have a long lead time. For example, gathering information must begin as early as possible -
some surveys take many months to complete.

• Supporting services must be organized; for example, transport, labour, cartography, printing. These
must be scheduled so they are available when needed, to make the best use of staff as well as to avoid
unnecessary costs.

• Supplies and materials must be obtained. Security clearance may be required for maps, air photographs
and satellite imagery. More mundane but equally essential items such as stationery and motor spares also
take time to get.

• Training, travel, review meetings and consultancies must be scheduled months ahead.

Figure 5: Example of phasing project work using a bar chart

The time of trained staff is often the greatest constraint in the planning project. Good judgement is
needed at this stage in identifying the specific needs of the project, deciding where short cuts might be
made and establishing the need for particular activities and information.

TABLE 1
Example of a planning table

Sen Gong District Land-use Plan

Planning step Task Resources Responsibility Due date

1. First meeting Identify participants Director,
decision-maker

J. Cruz 01/09/87

Assemble materials Agency library,
five-year plan, National
database

E.J. Evans 15/09/87

Arrange venue,
support staff,
transport

Administration unit,
motor pool

M. Wong 30/09/87



3. Structure
problems and
opportunities

Develop
questionnaire

Regional statistician,
consultant on public
involvement

S. Moe (with J.E.
Hoover)

01/02/88

3.1. Problem
statements

Identify and
interview key people

Contact list, interview
forms team vehicle,
field assistant

T.F. Guy 20/03/88

Prepare problem
statements

Interview data T.F. Guy S. Moe 01/04/88

3.2. Find options for
change

Set benchmarks Land resources survey
(1985), district
agronomist, team
vehicle

S. Moe (with M.
Wong)

05/05/88

Summarize
regulations

Agency code book, law
clerk

F. Sims 30/05/88

How is it done?

First, list the major planning tasks and activities. For each task, outline what needs to be done as well as
the skilled personnel and other resources required.

Identify the people and organizations who will be responsible for each task and others who will
contribute. A checklist of jobs and responsibilities is a priority. Everyone needs to know what is expected
of them and to whom they are responsible.

Specify the time needed to complete each task, which tasks need to be completed before others can be
started and the deadlines. Allocate money and equipment. Draw up budgets for each activity and list the
resources (e.g. transport, equipment) that will be needed.

Figure 6: Example of a critical path chart

The simplest format for the work plan is a table, as shown in Table 1. This can be expanded to include
locations of activities, materials required, times taken, budget figures and details of output such as reports
and maps.

A bar chart is a clear way of displaying the work plan (Fig. 5). Colouring in the bars as each stage is
completed highlights whether the work is keeping to schedule. If the project is large and complex, a
critical path chart can be drawn up (Fig. 6). This is based on the concept of a preceding activity, a task
which has to be completed before another can be started. Such a chart draws attention to what the key
activities are, where delays will slow down the project as a whole.

However, land-use planning projects must be allowed to evolve. Not all activities can be foreseen and
timed in advance, especially in situations involving several independent organizations with different
workloads. A critical path analysis is not appropriate for an evolving planning project with a time frame
extending over several years, but the discipline of producing a work plan of this kind for each individual
step of the process can be valuable.



CHECKLIST
Step 2

ORGANIZATION OF THE WORK

Responsibility: planning team leader and administrator

• List the planning tasks and activities. For each task:

- identify the people and organizations responsible for or contributing to it;
- set out the resources needed;
-estimate the time needed.

• Decide which tasks need to be completed before others can be commenced.

• Draw up a work plan for the project as a whole (table, bar chart or critical path analysis).

• Draw up individual, personal work plans.

• Allocate money and equipment.

• Arrange administrative matters and logistics:

- Check and arrange security clearances for staff and equipment, e.g. for the purchase and
use of maps, air photographs and computers.

- Budget for staff, equipment and transport costs.

- Provide for:

• transport (vehicles, spares, fuel, servicing);
• equipment;
• office facilities.

- Provide and coordinate technical support:

• inputs from other agencies
• field assistance
• laboratory
• cartography
• secretarial

-Make provision for wet or hot seasons, public and local holidays, contingencies and
iteration of steps in the planning process.

Contents - Previous - Next



Contents - Previous - Next

Step 3. Analyse the problems

After the previous focus on discussion, terms of reference and preparation, Step 3 is the first to involve
the detailed technical aspects of land-use planning. It is a big step. First, the existing land-use situation
has to be analysed and compared with the development goals; to do this requires the identification of
land units and land-use systems. Next, problems with the present land use must be identified, including
their nature and severity. Finally, the causes of these problems must be analysed.

The existing situation

In Step 1, some basic facts about the area were assembled. Now it is necessary to gather information on
the existing situation in much more detail, to provide the factual basis for all subsequent steps, up to
implementation. Much of this information should be shown on maps.

Assuming that data on the administrative structure, legal framework and interested organizations has
been gathered in Step 1, the information now needed includes:

• Population. Analyse the numbers, age and sex structure, population trends and
distribution. Plot these data - towns, villages and dispersed rural settlements - on the base
map.

• Land resources. Obtain, compile or, where necessary, survey land resource data relevant to
the planning task. This may include landforms, climate, agroclimatic regions, soils,
vegetation, pasture resources, forests and wildlife. (See Natural resource surveys, p. 78.)

• Employment and income. Summarize data by area, age, social and ethnic groups.

• Present land use. Existing information will often be out of date or unreliable. Make an
up-to-date land-use map. This is an essential basis for planning changes.

• Production and trends. Tabulate production data; graph production trends and economic
projections for the planning period. This information should be as quantitative as possible.

• Infrastructure. Plot roads, market and service centres on the base map.

Most of this information will be obtained from existing sources, supplemented by field reconnaissance to
check how up to date and reliable these are. Gaps of importance may need filling in by methods of rapid
rural appraisal, remote sensing and field surveys as well as talking with people who know the area, e.g.
agricultural or forestry extension staff.

Land units and land-use systems. To analyse the present situation it will be necessary to break the area
down into land units, areas that are relatively homogeneous with respect to climate, landforms, soils and
vegetation. Each land unit presents similar problems and opportunities and will respond in similar ways
to management.

Appropriate land units at the national level might be agroclimatic regions; at the district level, land
systems; and, at the local level, land facets, soil series or other soil mapping units.



The next step is to identify the more common land-use systems, areas with similar land use and economy.
These may be farming systems or systems based on forestry, etc. Land-use systems are frequently
defined in terms of dominant crops, e.g. a maize/tobacco system. Other common criteria for
differentiating land-use systems within a land unit are large and small farms or those with and without
livestock.

One practical difficulty is that neither land units nor land-use systems will correspond to the
administrative units for which economic and population data are usually available and by which many
planning decisions are taken. There is no easy solution: planners have to work simultaneously with land
units, land-use systems and administrative units.

Plate 3: A village meeting. Meetings in the field with representatives of those involved help the
planner see problems from the people's point of view. They also alert the people to the fact that
changes are being considered. Farmers and other land users should be consulted and their views
obtained from the earliest stages of plan preparation right through to its implementation - without
their willing acceptance and help, no plan can succeed.

TABLE 2
Land-use problems: symptoms and causes

SYMPTOMS OF LAND-USE PROBLEMS
Migration to towns
Low rural incomes
Lack of employment opportunities
Poor health and nutrition
Inadequate subsistence production
Shortage of fuel and timber
Shortage of grazing land
Low, unreliable crop yields
Desertion of farmland
Encroachment on forest and wildlife reserves
Conflicts among farming, livestock and non-agricultural uses
Visible land degradation, e.g. eroded cropland, silted bottomlands, degradation of woodland, salinity in
irrigation schemes, flooding

UNDERLYING CAUSES RELATED TO LAND USE
Social problems
Population pressure on land resources
Unequal distribution of land, capital and opportunities
Restrictions of land tenure and landownership
Natural hazards and limitations
Inadequate water supply and distribution
Irregular relief
Drought-prone soils
Poor drainage
Diseases
Mismatch between land use and land suitability



Inadequate water control
Clearance of forest on steeplands
Inadequate soil conservation practices
Inadequate periods of bush fallow
Related rural planning problems
Inadequate power
Lack of fertilizer and pesticides
Lack of markets, unsatisfactory price structure
Lack of finance
Inadequate transport
Lack of technical support

Problems of land use

To define a problem it is necessary to establish the present situation, judge ways in which it is
unsatisfactory and identify ways in which it might be made better.

Apart from when planning new settlements on unoccupied land, this stage of diagnosis of problems is of
the highest importance. Without identifying problems and analysing their causes, one is in no position to
plan for improving the situation. Three closely related methods, any of which can be used at this stage,
are farming systems analysis, diagnosis and design and rapid rural appraisal (see Rural land-use
analysis, p. 79).

The fundamental field survey method may be summarized as:

• talk to the people;
• look at the land.

"People" include the farmers and other land users, local leaders, extension staff and agencies active in the
area. Where time allows, a set of interviews should be conducted with farmers sampled from each
land-use system. Table 2 gives some examples of problems of land-use systems. Identify which are
considered to be the most important - by the farmers, by local agencies and by the planning team.

At the same time, diagnose the causes of the problems identified. For example, a fodder shortage may be
caused by cultivation encroaching on former grazing land, coupled with a lack of rotational grazing
and/or control of livestock numbers on the latter. The effects may be indirect: a labour shortage on farms
at a critical period might be made worse by the fact that women have to travel long distances to collect
fuelwood or water.

Field observation is complementary to interviews. Ask to be shown around farms and travel about the
area. This will reveal physical problems such as soil erosion, overgrazing and forest degradation.

Taking present land use as the basis, ask:

• How is the land managed now?

• What will happen if the present management continues unchanged?

• Why is it the way it is? Is it the best available system of land use or is it followed because
of tradition, insufficient labour, lack of capital, a need for staple food, a need for cash, a



need for time for communal activities and leisure, a desire to retain landownership, a lack of
skill or technical knowledge or poor planning?

Group together issues that seem to be related. Try to distinguish between symptoms and underlying
causes. For example, the direct cause of a food shortage may be declining yields; these result from
cultivation without fallow which, in turn, is caused by a land shortage coupled with increasing
population.

Plate 4: A fuelwood shortage: a simplified example of a problem statement

The problem. A severe fuelwood shortage affects small farms in this land unit. Women
spend many hours each day gathering and carrying wood. Surveys show a one-third
decrease in tree cover over the past five years.
Causes. The shortage has developed as a result of greater demand, caused by increased
population and leading to prolonged cutting of natural woodland. There is no extension
programme to tell people about growing trees.
Opportunities for change. There are two opportunities to improve this situation: i) the
establishment of fuelwood plantations, managed by the local community, on lower slopes of
adjacent hills; ii) growing trees on farms, using agroforestry technologies such as boundary
planting.

Figure 7. A simple cause-and-effect model of a land-use situation, identifying points where
intervention may be possible

Problems can sometimes be modelled. Models may range from cause-and-effect linkages (Fig. 7) to
quantitative simulations or economic models. Models help to show linkages in the land-use system and
may help to identify possible opportunities for change (see Modelling, p. 79 and Systems analysis, p. 77).

Separate problems that can be tackled by local land-use planning from those that are beyond its scope.
For example, it is no use encouraging production of a bulky export crop if there is no road to the coast.

Problem statements

This stage can be summarized by a set of problem statements which, for each problem, give:

• its nature and severity with respect to land units and land-use systems;
• its short-term and long-term effects;
• a summary of its causes: physical, economic and social.



CHECKLIST
Step 3

ANALYSIS OF PROBLEMS

Responsibility: planning team

• Collect data on the existing situation; where possible, compile maps:

- population;
- land resources;
- employment and income;
- present land use;
- production and trends;
- infrastructure.

• Sources: maps, satellite imagery, air photographs, censuses, departmental records. Check in the field
whether the sources are reliable and up to date.

• Identify and map:

- land units;
- land-use systems.

• Identify problems of land use:

- nature and severity, land units and land-use systems affected;
- analysis of causes.

• Methods: interviews with land users, local leaders, extension staff, agencies; field reconnaissance.

• Prepare problem statements.

Step 4. Identify opportunities for change

Now that the problems needing attention are known, the next step is to consider what can be done to
solve or ameliorate them. This requires interaction between the planning team, which devises and
presents its alternative opportunities for change, the land users, who comment on these opportunities and
may offer their own solutions and the decision-makers, who choose which alternatives are to be analysed
further.

Seek a variety of solutions in the first instance, then select those that seem most promising. All
reasonable solutions should be considered in Step 4 because it becomes increasingly difficult to follow
new directions as planning progresses. It is important for the land users, planners and decision-makers to
reach a consensus about what the priorities are, and this entails both public involvement and
wide-ranging executive discussion.



Box 7
Identification of options for solving a problem

Existing situation: chronic food shortage, accelerating degradation of grazing land.

Specification for improved land use: increase rural income, arrest land degradation.

Options

• Non-land-use planning options -emigration or, in the long term, birth control.

• Do-nothing policy, which means accelerating land degradation and increasing dependence on food
aid; therefore rejected.

• A sustainable increase in production might be achieved by:

- the control of stock numbers combined with rotational grazing, allowing herbage to
recover;

- a combination of controlled grazing and improved forage production by top-dressing,
reseeding and physical soil conservation measures to increase infiltration of rainfall;

- the supplementary feeding of stock during critical periods, using either imported forage
or conserved forage grown locally with the use of irrigation.

• These options merely control the livestock problem. Some alternatives are needed that will alleviate
the shortage of food and fuel. Therefore, consider:

- the diversification of land use by combining livestock, crops and possibly fuelwood
production by agroforestry, for example.

For any of these options to be implemented, there must be a reform of land tenure and grazing rights
that is acceptable to the community as a whole.

* The land-use situation (problem) is illustrated in Figure 7.

Opportunities

Planning involves seeking and appraising opportunities for closing the gap between the present situation
and the goals. Opportunities are presented by untapped human and land resources, new technology and
economic or political circumstances.

The people present opportunities in the form of labour, skills and culture and, not least, the ability to
adjust to change and to survive adversity. Cooperation at the local level may be promoted by
encouraging the participation of land-use groups in the planning process and through buyer and producer
organizations.

The land may have underdeveloped regions or unexploited resources such as water power, economic
minerals or scenery and wildlife. The location of the planning area may give it a strategic advantage for
trade or defence. The land nearly always has the potential for greater or more diverse production, given
investment in management.



New crops and land uses may be available. Circumstances may have changed so much, e.g. through
population growth, that it is no longer possible to solve problems by improving the existing land use. A
completely new use may be necessary, e.g. irrigation.

Improved technology can transform the productive potential of the land - for example fertilizers,
pesticides, improved drainage or irrigation practices, new ways to store or process products, improved
crop and livestock varieties. Research and extension services play key roles in developing, adapting and
introducing new technology.

Economic opportunities include new sources of capital, new or improved markets, changes to the price
structure, the improvement of transport and communications. Often, the application of improved
technology to land is rendered difficult or impossible by the relative prices of inputs and products.

Government action may create opportunities, for example by the reform of land tenure and
administrative structure and through policies of taxation, pricing, subsidies and investment.

At this stage, the opportunities considered need not be specified in great detail but should be
wide-ranging to include all possibilities that appear realistic (a process sometimes called
"brainstorming").

Options for change

There is usually more than one way to tackle a problem. Alternatives may be needed to give due
attention to the interests of competing groups and serve as a starting point for negotiations. The plan that
is finally accepted may include aspects of more than one option.

The options developed in this step will depend on the goals, the strategy pursued to reach these goals,
opportunities and problems presented by the people and the land and the finance and other resources
available. For example, problems of food production will demand agricultural or economic action;
opportunities for tourism will depend on ways of attracting and accommodating tourists.

Options can be described in terms of ways and means:

• Non-land-use planning options. In the example illustrated by Figure 7, population policy and food aid
are beyond the scope of land-use planning.

• Allocations of land use. Land-use types are allocated to specific areas of land; for example, irrigated
farming to bottomlands, forestry to steep slopes and stream reservations. This option is widely applied in
new settlement schemes but is more difficult to apply where land is already occupied.

• New land uses. A complete change is made by introducing new kinds of land use not previously
practiced in the area, for example irrigation.

• Improvements to land-use types. Improvements are made to existing farming systems or other land-use
types in order to make them more productive or sustainable. The improvements must be brought about
through extension services, often combined with improved infrastructure and services (e.g. supplies of
inputs). This option follows directly from the analysis of problems. It is one of the principal means of
bringing about change in areas that have already been settled.

• Standards. Standards may consist of planning guidelines or limits. For example, conservation standards



might specify "no cultivation within 40 m of streams or on slopes greater than 12°"; limits to safeguard
life and property might specify "no housing or industrial development in designated flood hazard or
landslide zones". Standards of this kind, however, are hard to enforce, unless the problems that have led
to their being broken are addressed.

Other standards refer to land management, for example standards for terrace construction, fertilization or
land drainage. Interest rates on loans for farm improvement may be limited, to 5 percent for instance. For
subsequent land evaluation, these management standards are built into the defined land-use types.

Procedures

There is no fixed procedure for selection of alternatives for change. Some courses of action will be
suggested by farmers, others by extension staff or people with an interest in the area, while the planners
may develop still others from the information obtained in Step 3. What is essential is to keep all
interested people informed and seek their views. Some guidelines are as follows:

• Focus on questions regarding what action can be taken within the plan. Some decisions may have
been made already at a higher level of planning. For example, it may have been decided at the national
level to build a road through the planning area. The choice to be made locally is the route, based on how
it will best serve the existing or planned settlements.

• Consider alternative land-use strategies. None of the following strategies are likely to be followed
alone. They represent extremes to be used as a basis for an analysis and comparison of different courses
of action.

- No change. Continue the present systems of land use. Since there are problems, this is unlikely to be
adopted, but examination of its consequences is useful to see if suggested improvements are any better.

- Maximum production. This may be for all products, for selected products (e.g. food crops), for
maximum financial benefit or to support the greatest number of people on the land.

- Minimum public investment. To bring about improvements which benefit the people while making the
lowest demands on scarce investment funds.

- Maximum conservation. Maximum production in the short term may lead to accelerating erosion or
pollution. The alternative of maximum conservation may be costly or may imply a lower level of
production.

- Maximum equity. A deliberate attempt to give added benefits to poorer sections of the community or to
minority groups.

• Identify a range of possible solutions. Options may be built around various themes. The planner must
find the theme that is most relevant to the goals and the planning area. Again, a compromise between
extremes will be necessary.

- Types of production. Which type of production should be encouraged: commercial, subsistence or a
combination of the two? How should land and resources be allocated between the different kinds of
production?

- Production or conservation? A trade-off between these alternatives is often necessary in the short term.



Standards, and hence allocation of land to different uses, may differ between these alternatives. For
example, the maximum slope angle of cultivated land may be 20° in the "production" alternative and 8°
in the "conservation" alternative.

- Self-reliance or outside investment? An alternative favouring self-reliance would be based on
traditional crops, intermediate technology and local credit. An alternative requiring outside assistance
might introduce more sophisticated technology, perhaps new crops and outside finance.

Identify a wide range of possible solutions that meet each of the demands in the planning area. For
example, if a shortage of fuelwood is a problem, then all the land not already cultivated could be put into
fuelwood plantations, even though much of the area is grazed and there is also a shortage of pasture.
Alternatively, fuel could be imported, if this is feasible, without planning for any change in fuelwood
production.

• Develop options within the extremes. Develop options that have a realistic chance of being
implemented. Moderate the maximum range of options by social imperatives, budgetary and
administrative constraints, the demands of competing land uses and an initial assessment of land
suitability. Thus, the planner addressing the fuelwood and grazing problems might develop three options:
to allocate 20 percent of the area to fuelwood plantations, retain 30 percent of the area in grazing and
import fuel to meet the continuing but reduced need; to meet the fuelwood demand by having 30 percent
of the area under plantations, with a reduction in pasture; or the same as the second option, but with a
parallel extension effort in intensive livestock production to compensate for the reduction in grazing area.

Compatible land uses can be combined to satisfy a number of demands. For example, multiple forest
management methods can be developed that combine elements of wood production, watershed
protection, wildlife and recreation. Agroforestry technologies exist that permit the production of
fuelwood or fodder with food crops on the same land, or that combine soil conservation with production.

At the end of Step 4, promising land-use types have been identified and specified in terms of what they
have to achieve, for example "integrated arable and livestock farming to increase livestock production
and stabilize soil loss". At this stage, however, information about the requirements and potential of these
land-use types is very incomplete. Results from Steps 5 and 6 may show that promising options are not
viable, thereby making it necessary to reconsider the alternatives in Step 4.

Public and executive discussion of problems and alternatives

A further stage of responsibility now lies with the decision-makers. The planning team prepares the
problem statements (from Step 3) and the alternatives for change in terms that are suitable for public and
executive discussion: clear, brief summaries, but with detailed evidence available for scrutiny. The
alternatives are presented to representatives of the local people, government officials and other interested
agencies.

A basic decision is whether, in the light of work to date, the original goals still appear to be attainable.
Assuming this to be so, two choices must now be made: which problems are to be given priority and
which are the most promising alternatives for further study. Finally, the decision-maker can draw
attention to action needed at other levels of land-use planning (e.g. at the national level, arising from a
district-level plan) and action desirable outside the scope of land-use planning.

Following these decisions, targets for this subsequent work must be specified. A partial reiteration of



Step 2 may now be necessary, planning subsequent steps more specifically than before. If necessary, an
additional or revised budget and time schedule must be prepared.

CHECKLIST
Step 4

IDENTIFICATION OF OPPORTUNITIES FOR CHANGE

Responsibility: planning team

• Based on the goals from Step I and problem statements from Step 3, isolate problems for which
solutions other than land-use planning must be sought.

Generate a range of options for solving each problem, in terms of:

- opportunities: the people, land resources, improved technology, economic measures,
government action;

-land-use strategies: no change, maximum production, minimum investment, maximum
conservation, maximum equity;

- kinds of production, the role of conservation, self-reliance versus external investment.

• Develop realistic options that best meet the needs of production, conservation and sustainability and
that minimize conflicts of land use.

• Prepare outline budgets and time frames for each option.

• Present the problem statements (from Step 3) and the alternatives for change in terms suitable for
public and executive discussion.

Responsibility: decision-makers

• Decide if the goals are attainable.

• Select the priority problems.

• Choose the most promising alternatives for a feasibility study; specify targets.

• Specify action needed at other levels of planning.

Contents - Previous - Next
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Step 5. Evaluate land suitability

This step forms the central part of land evaluation, a procedure which answers the following questions:

• For any specified kind of land use, which areas of land are best suited?
• For any given area of land, for which kind of use is it best suited?

A systematic way of doing this is set out in A framework for land evaluation (FAO, 1976) and detailed
procedures are given in guidelines on evaluation for rain-fed agriculture, irrigated agriculture, forestry
and extensive grazing (see Land evaluation, p.81). In simplified form, the procedure is:

• describe promising land-use types;

• for each land-use type, determine the requirements, e.g. for water, nutrients, avoidance of
erosion;

• conduct the surveys necessary to map land units and to describe their physical properties,
e.g. climate, slope, soils;

• compare the requirements of the land-use types with the properties of the land units to
arrive at a land suitability classification.

Land cannot be graded from "best" to "worst" irrespective of the kind of use and management practiced
because each kind of use has special requirements. For example:

• Rice has high water requirements and most varieties grow best in standing water; no other
cereal crop will tolerate waterlogging during its period of active growth.

• Tea, sugar cane and oil-palm need efficient transport to processing plants; most crops
grown for subsistence do not.

• For mechanical operations, stones and rock outcrops are limiting; with oxen or hand
implements, cultivation can work round these obstacles.

Description of land-use types

A land-use type is a kind of land use described in terms of its products and management practices (Table
3). For reconnaissance surveys at the national level, highly generalized descriptions may be sufficient,
e.g. "sorghum production", "conservation forestry". At the district and local levels, it is necessary to
specify the use in more detail. For example, will the sorghum production be mechanized or based on
animal traction? Will fertilizer be used? Will the conservation forests be managed by the government
forestry service or by local communities?

Such descriptions serve two purposes. First, they are the basis for determinating the requirements of a
use. Second, the management specifications can be used as a basis for extension services and for
planning necessary inputs.

The land-use types will be based on the promising improvements identified in Step 4. They may be



modifications of existing uses, such as incorporating fodder trees or soil conservation measures, or
something new to the area, such as the introduction of a new cash crop.

Selection of land qualities and land characteristics

Land-use requirements are described by the land qualities needed for sustained production. A land
quality is a complex attribute of land that has a direct effect on land use. Examples are the availability of
water and nutrients, rooting conditions and erosion hazard (Table 4). Most land qualities are determined
by the interaction of several land characteristics, measurable attributes of the land. For example, the
quality "availability of water" is determined by the balance between water demand and water supply. The
demand is the potential evaporation from the surface of the crop and the soil; the supply is determined by
rainfall, infiltration, storage of water in the soil and the ability of the crop to extract the stored water.

In the case of "availability of water", it is practicable to calculate reliable quantitative values for the land
quality. The water demand of a leafy perennial crop, such as sugar cane or rubber, is much greater than
that of a crop with a short growing period, for example beans. A soil water storage capacity of 200 mm
might be enough in a humid area but not enough where seasonal droughts occur. For major crops,
quantitative models have been developed to estimate crop yields under a range of quality values.

TABLE 3
Description of a land-use type

TITLE Rice cultivation by smallholders

PRODUCTION Marketing arrangements, yields Grain for subsistence, surplus sold in
local market. Straw fed to draught
animals. Average yield, 2.6 t/ha. When
water is not limited, wet-season yield may
be 4 t/ha and dry-season yield may be 5
t/ha

MANAGEMENT UNITS Size, configuration, ownership Family-owned plots from 0.2 to 2 ha,
usually associated with as many as 4 ha of
upland which may be up to 2 or 3 km
distant

CULTIVATION PRACTICES AND INPUTS Labour, skill,
power, varieties, seeds, agrochemicals

Labour requirements from 200
person-days/ha without mechanization to
150 person-days/ha where buffaloes or
tractors are used Terraced fields need
extra labour to maintain bunds and
waterways



Power requirements. Power for
ploughing, harrowing and threshing may
be provided by two-wheeled tractors.
Alternatively, buffaloes may be used for
land preparation or all work may be
manual. Tractors may reduce tillage time
by 60% and total time between crops by
30%

Land preparation seeks to control
weeds, create a good physical medium for
rooting and reduce water seepage loss.
This is achieved by ploughing or hoeing
twice, followed by harrowing under
flooded conditions

Recommended varieties. Varieties are
selected locally to suit specific sites and
according to the season. The growing
period must be long enough to span the
flood period and to allow cultivation and
harvesting under favourable conditions.

Planting rates are 20 to 40 kg/ha,
seedlings are spaced from 20x20 to 25x25
cm depending on tillering capacity and
length of stalks

Fertilizer. To replace nutrients removed
by a crop of 4 t/ha requires 60 kg N. 30
kg P2O5

Weed control by maintaining adequate
water depth and hand weeding until the
crop canopy is closed

Pests and diseases. Chemicals used to
control rice blast and stem borers. Good
husbandry and resistant varieties control
other fungal diseases

CROPPING CHARACTERISTICS Rice is grown as a monoculture, one or
two crops per year. Fallow land is grazed
by draught buffaloes and other domestic
livestock

WATER Most crops are rain fed, with water stored
in level, bunded fields. Irrigation, from
tanks or by stream diversion, enables a
second crop to be grown in the dry season



In any particular project, only a limited number of land qualities need be selected for use in evaluation.
Criteria for selection are:

• The quality must have a substantial effect either on performance or on the costs of
production. Some qualities affect most kinds of land use, for example "availability of
water"; others are more specific, for example "conditions of ripening" is a quality that
affects grain crops but not rubber.

• Critical values of the quality must occur in the planning area. If a quality is adequate
everywhere, there is no need to include it. For example, most tropical crops are sensitive to
frost but, in most parts of the lowland tropics, the land quality "frost hazard" need not be
considered.

TABLE 4
Land qualities for rain-fed farming

Land qualities Land characteristics that measure the quality

Availability of energy Sunshine hours in growing season, temperature regime

Availability of water Evaporative demand set against rainfall, soil water storage and
rooting conditions

Conditions for ripening Period of successive dry days with specified sunshine and
temperature

Climatic hazards Frequency of damaging frost, hail or winds during growing
period

Sufficiency of oxygen in the root zone Soil drainage class, depth to water-table

Sufficiency of nutrients Soil nutrient levels, pH, organic matter content

Erosion hazard Rainfall and wind erosivity set against soil cover, slope angle
and length and soil permeability

Toxicity Levels of soluble Al and Fe; pH

Having selected relevant land qualities, it is necessary to decide which land characteristics are to be used
for measuring them. For example, the quality "erosion hazard" requires information on rainfall intensity,
slope angle and soil properties.

A compromise must be reached between characteristics that most closely define the land quality and
those that are less precise but on which information is more readily available. Out of necessity, the
choice is limited to those characteristics for which information is already available or can be gathered
quickly. If there is no information on a critical land quality, surveys must be carried out or research
initiated.

Land evaluations are sometimes conducted directly in terms of land characteristics, e.g. by using rainfall
instead of availability of water, slope angle instead of erosion hazard. There is, in fact, a hidden use of
land qualities in this way of doing things, since plants do not actually require rainfall but do require water
(which might alternatively be obtained from a high water-table in a dry area, for example). In practice,



evaluations carried out carefully using either qualities or characteristics give quite similar results.

Mapping of land units and their characteristics

In Step 3, land units were identified as a basis for the diagnosis of problems. It may now be necessary to
map these units in more detail, e.g. by dividing land systems into land facets or complex soil mapping
units into soil series. The criterion for choice of land units is that they are expected to respond to
management in a relatively similar way at the scale of the study.

Whether it is now necessary as part of the land-use plan to conduct original surveys depends on the
requirements of the plan and the detail and reliability of the information available. Soil surveys,
agroclimatic studies, forest inventories and pasture resource inventories are major sources. For land-use
planning at the national level, reconnaissance surveys at scales of about 1:250000 may be adequate;
district-level planning will need at least semi-detailed surveys at a scale of about 1:50000.

Natural resource surveys take a substantial amount of time and will delay the planning procedure.
However, past experience has shown that to proceed with land development projects without adequate
resource data can lead to disasters, both for production and conservation. In practice, resource surveys
and studies of land-use types can proceed at the same time, with frequent interchanges of information.

TABLE 5
Structure of the FAO land suitability classification

S SUITABLE The land can support the land use indefinitely and benefits justify inputs

S1 Highly suitable Land without significant limitations. Include the best 20-30% of suitable
land as S1. This land is not perfect but is the best that can be hoped for

S2 Moderately suitable Land that is clearly suitable but which has limitations that either reduce
productivity or increase the inputs needed to sustain productivity
compared with those needed on S1 land

S3 Marginally suitable Land with limitations so severe that benefits are reduced and/or the
inputs needed to sustain production are increased so that this cost is only
marginally justified

N NOT SUITABLE Land that cannot support the land use on a sustained basis, or land on
which benefits do not justify necessary inputs

N1 Currently not suitable Land with limitations to sustained use that cannot be overcome at a
currently acceptable cost

N2 Permanently not suitable Land with limitations to sustained use that cannot be overcome

Examples of classes in the third category

S2e Land assessed as S2 on account of limitation of erosion hazard

S2w Land assessed as S2 on account of inadequate availability of water

N2e Land assessed as N2 on account of limitation of erosion hazard

Note: There is no standard system for letter designations of limitations; first-letter reminders should be
used where possible.



Setting limiting values for land-use requirements

Limiting values are the values of a land quality or land characteristic that determine the class limits of
land suitability for a certain use. The standard FAO land suitability classification is shown in Table 5.

The first and most important decision is to separate land that is suitable from that which is not. Important
criteria for deciding on the suitability of land for a specific use are sustainability and ratio of benefits to
costs.

• The land should be able to support the land use on a sustained basis. This means that the use must not
progressively degrade the land. Many changes of land use cause an initial loss of land resources: for
example, when forest is cleared for tea plantations or for arable farming, there is always a loss of forest
habitat and wildlife as well as of soil and accumulated plant nutrients.

From then on, a good level of productivity must be maintained by the new system of management. For
example, if soil erosion is not controlled, the new land-use type cannot be sustained. According to the
land-use type, the upper limit of the land quality "erosion hazard" might be set in terms of slope, as
follows:

- plantation tea, high level of management: 20
- smallholder tea, average level of management: 15
- rain-fed arable crops with simple soil conservation practices: 8

• The use should yield benefits that justify the inputs. The user has to make a reasonable living from the
land. Local experience will usually be the best guide. Alternatively, a financial analysis can be
undertaken.

It is then possible to distinguish up to three classes of suitability, although this is not always necessary.
Land classed as highly suitable is the best land for the specified use; moderately suitable land is clearly
fit for the use but has limitations; while marginally suitable land falls near to (but above) the limit for
suitability. Land that is not suitable may be subdivided into permanently not suitable, where there are
limitations to sustained use that are clearly impractical to overcome; and currently not suitable, where
such limitations could be overcome but not at a currently acceptable cost.

TABLE 6
Example of land requirements for a specified land-use type (bunded rice)

Land qualities Land
characteristics

Limiting values for land characteristics

S1 S2 S3 N

Sufficiency of
energy

Mean annual
temperature,
(°C) or

>24 21-24 18-21 <18

Elevation (m)* 0-600 600-1200 1200-1800 >1800

Sufficiency of
water

75% probability
rainfall (mm)

>1300 900-1300 500-900 <500

Soil drainage class Poorly
drained

Imperfectly
drained

Moderately
well drained

Excessively
drained



Soil texture C, ZC,
ZCL, L

SC, SCL, ZL, Z SL S, LS

Soil depth (cm) >80 60-80 40-60 <40

Sufficiency of
nutrients

pH of flooded soil 6-7 5 6 4.5-5 <4.5

    7-8 8-8.5 >8.5

Salinity hazard ECe (mS cm-1) <3 3-5 5-7 >7

Ease of water
control

Slope angle
(degrees)

<1 1 -2 2-6 >6

Ease of
cultivation

Stones and rock
outcrops (%)

Nil 1-5 5-10 >10

* Elevation is used to assess sufficiency of energy where temperature data are not available; these values
apply to Sri Lanka.
Source: Dent and Ridgway (1986).

The construction of a table of limiting values for each land suitability class (see Table 6) is a central
operation in land evaluation. To do this, information is needed on the performance of a land-use type
over a range of sites, taken either from trials or the experience of land users.

The land requirements for several individual crops can be combined to assess the needs of a land-use
type that includes several crops grown together or in rotation.

Matching land use with land

The first stage in matching is to compare the requirements of each land-use type with the land qualities of
each land unit. The simplest procedure is to:

• check measured values of each land quality or characteristic against the class limits;
• allocate each land unit to its land suitability class according to the most severe limitation
(Fig. 8).

For cases in which at least one limitation is enough to render the land unsuitable for the use, the method
of taking the most severe limitation is valid. For example, for maize cultivation it is of no use having
level land and sufficient rainfall if the soils are highly saline. For less severe values of limitations,
alternative methods of combining ratings for individual qualities can be used.

Matching, however, can become a wider process than the simple comparison of requirements with
qualities. Wherever this initial comparison shows certain land units to be unsuitable for a given use, the
specification of the land-use type can be examined to see if, by modifying it, the suitability of those land
units can be raised.

Figure 8: Example of the process of qualitative land suitability classification

Thus, if suitability has been downgraded owing to erosion hazard, a new land-use type could be designed
with the addition of contour-aligned hedgerows or other soil conservation measures. The use of



fast-maturing crop varieties in areas with a short growing season is another example. By adapting the
land-use types to meet the limitations present in the area in this way, higher overall suitabilities can be
achieved.

A further possibility is the introduction of land improvements, inputs which bring about relatively
permanent improvements in the characteristics of the land. Examples are drainage of land that is too wet
or terracing of steeplands. In this way, the land is adapted to the requirements of the land use. Land
improvements invariably require maintenance as well as capital expenditure.

Qualitative and quantitative land evaluation

Some decisions need only qualitative land evaluation: for example, identifying the critical importance of
certain areas for important land uses such as for an export crop. Quantitative economic evaluations,
however, require estimates of crop yields, rates of tree growth, or other measures of performance. It is
not realistic to predict the performance of each land suitability class unless data are available on plant
growth (or other measures of performance) and the relevant inputs from well-characterized sites, and
unless the physical characteristics of the land mapping units are equally well known. Quantitative models
have been developed for several major crops but these demand good data. Even when predictions are
based on carefully controlled trials, they may be confounded in practice by variations in management.
Therefore, try to estimate a range of performance under the likely standards of management.

Figure 9: A land suitability map: areas suited for forestry, Sandakan Residence, Sabah, Malaysia

Scale 1:2000000
Prepared by the Directorate of Overseas Surveys, 1976.
Source: Thomas, Lo and Hepburn (1976).

Land suitability classification

The comparison of requirements of land-use types with properties of land units is brought together in a
land suitability classification. Suitability is indicated separately for each land-use type, showing whether
the land is suitable or not suitable, including - where appropriate - degrees of suitability (Table 5). The
major reasons for lowering the classifications, i.e. the land limitations, should be indicated (because of
erosion hazard in one area or a high water-table in another, for instance). In large or complex surveys
involving many mapping units land evaluation can be assisted by the use of geographic information
systems (see p. 77). A major facility is that, if the land suitability data are entered into such system, when
a change is made to one or more limiting values, new maps of land suitability can be rapidly produced.

The outputs from Step 5 are:

• land suitability maps, showing the suitability of each land unit for each land-use type (Fig.
9);
• descriptions of these land-use types.

The descriptions of land-use types are given in a degree of detail appropriate to the level of planning. At
the national level, only outline descriptions of major kinds of land use may be needed. At district and
local levels, land-use type descriptions should specify the management, inputs (e.g. seeds, fertilizer, fuel)
and estimated production (see Table 3). Such information will later be needed to make provision for the
supply of inputs and for storage, distribution and marketing (Step 9).



Planning for research

The evaluation process in this step will almost certainly have shown up information deficiencies. The
tolerances of plants (or of crop cultivars, tree provenances) to particular land limitations are rarely known
with any precision. Where new land-use types are proposed for introduction to the area, it will be
necessary to conduct trials (on-station and on-farm) to validate their performance before they can be
safely recommended for adoption. Gaps in knowledge of land resources may also have been revealed,
thus calling for additional surveys.

It is impracticable to delay the land-use plan until all such research has been completed; but, at the same
time, it is unwise to proceed if there is a serious lack of information. Action can be taken in two ways:

• Outside the land-use plan. Draw the attention of national and international research
agencies as well as universities and donors to the need for research in specified aspects if
land development of the area is to proceed on a proper basis of knowledge.

• Within the land-use plan. Based on existing local institutions (strengthened if necessary),
set up trials or other research activities as part of the land-use plan itself.

Either of these ways will form a "research loop", feeding back information for making more reliable
evaluations and more productive and sustainable land use in the future. Do not be put off by the
apparently long time scale, three to five years as a minimum, of most kinds of research. By anticipating
likely problems, there is a better chance of results becoming available when they are needed.

CHECKLIST
Step 5

LAND SUITABILITY EVALUATION

Responsibility: planning team

• Describe land-use types in sufficient detail for subsequent analysis.

• Select land qualities and land characteristics to be used in comparisons of land-use requirements with
land.

• Map the land units and determine their relevant land characteristics and qualities.

• Set limiting values to land-use requirements, to be used for determining class limits for land
suitability. Take into account sustainability and the ratio of benefits to inputs.

• Match land use with land:

- compare land-use requirements with land qualities or characteristics to determine
provisional land suitability classes;

- consider modifications to land-use types, in order that they become better suited to the
land;

- consider land improvements that could make the land better suited to the land use.

• Map land suitability for each land-use type.



• Plan for research needed: additional surveys, research by outside agencies or within the land-use plan.

Contents - Previous - Next



Contents - Previous - Next

Step 6. Appraise the alternatives: environmental, economic and social
analysis

The evaluation carried out so far has been essentially in terms of physical suitability. An assessment has
been made of whether different kinds of land use can be undertaken on a sustained basis.

In Step 6, the effects of each alternative use are appraised in environmental, economic and social terms.

Obviously, these aspects have not been ignored: they generally guided the identification of promising
options at Step 4. Now, those that passed this first test are formally appraised against the selected criteria.
In this step, it is essential to examine land-use proposals from the standpoint of the capabilities and
incentives of individual land users.

Box 8
Measuring the worth of a land-use system

• Gross margin. The market value of the produce minus the variable costs that are attributable directly
to the product (in the case of an agricultural crop - seeds, fertilizer, fuel, water, labour, hired machinery,
etc.).

• Net margin. Gross margin minus the fixed costs of production (for example, depreciation of farm
equipment, buildings, water distribution, soil conservation works).

• Results of gross margin or net margin analysis can be interpreted in several ways:

- Which is the best land for each crop or land-use type?
- Which is the best use for each land unit?
- Will a proposed change be profitable?

• Partial farm budgeting, calculating only the effects of any proposed changes in land use, is a simple
way of projecting the farm-level effects for representative farmers. The difference between net income
accruing under a present and an alternative land use is usually referred to as "returns". Investment,
maintenance and other costs needed to bring about desired changes in land use are referred to as "costs"
.

• Where capital investment is involved - for example in land improvements that will lead to a stream of
benefits over a long time - discounted cash flow analysis can be used to place the costs and benefits on
a comparable basis, i.e. their present value. Money earns interest so its value increases over time. In the
same way, income promised in the future is worth less than the same income now, and its present worth
can be calculated by the reverse of interest, called discounting. The interest rate assumed for
discounting is called the discount rate.

• Discounted cash flow analysis of all benefits and all costs to their equivalent present value produces
three measures of the worth of a stream of income which can be used to compare land development
options with alternative opportunities for investment:

• Net present worth. The present worth of benefits minus present worth of costs.



• Benefit: cost ratio. The present worth of benefits divided by the present worth of costs.

• Internal rate of return. The rate of discounting at which the present worth of benefits becomes equal
to the present worth of costs.

Plate 5: Environmental problems from capital works. The Volta Dam, Ghana - Large engineering
projects create dramatic local environmental changes but may also have far-reaching indirect
impacts. A reduction in the sediment load of the Volta River has changed the pattern of coastal
erosion and sedimentation more than 100 km away

One way of doing this is to model the performance of different options and their effects on representative
land users. A word of caution is necessary: quantitative data are not necessarily better, more reliable or
more accurate than qualitative data. Sophisticated models need a lot of data and make assumptions that
should be clearly understood before the models are applied to particular problems. There will be many
cases where a qualitative judgement is more appropriate.

Environmental impact

The land suitability evaluation has already classified as "not suitable" any land use that continually
degrades the land. An analysis of environmental impact goes further. It compares what will happen under
each alternative system of management in terms of the quality of life of the whole community and takes
account of effects both within and beyond (off-site effects) the planning area.

In-depth knowledge of physical, chemical and biological processes and how these interact with society is
needed to foresee the likely environmental impact of a specific land-use system. Often, the impact of a
particular activity may be long term or several stages removed from the primary cause of the problem.
For example, in Sri Lanka coastal erosion and flooding have been caused by the exploitation of
protective underwater coral barriers for lime production. In West Africa, current coastal erosion has been
attributed to big dams, built on major rivers over 20 years ago, which have intercepted the supply of
sediment to the coastal zone (Plate 5).

Following are examples of the environmental effects to be considered:

• Soil and water resources. Hazard of soil erosion, landslides and sedimentation; security of water supply
and water quality within and beyond the planning area.

• Pasture and forest resources. Degradation of rangelands, clearance or degradation of forests.

• Quality of wildlife habitat. Structure and composition of forests, grasslands and wetlands; critical areas
needed to maintain wild plant and animal communities, including germplasm conservation; side-effects
of terrestrial developments on wetland ecosystems;

• Scenic and recreational value for tourism and leisure industries. Tolerance of the disturbance
associated with leisure, and compatibility with other land uses.

Economic analysis

In Step 5, land suitability is expressed either in qualitative terms (highly, moderately and marginally
suitable, or not suitable) or in quantitative physical terms (e.g. crop or timber yield). By comparing the



production and other benefits with inputs in terms of money, an extra quantitative measure of land
suitability is provided (see Financial and economic analysis, p. 81).

An underlying assumption of financial and economic analysis is that market prices, established in
competitive markets, reflect social values. Where there is no competitive market for a resource, which is
often the case with renewable land resources and family labour, some other measure of worth has to be
found.

Financial analysis looks at profitability from the point of view of a farmer or other private investor, by
comparing the producers' revenues with their costs. Farmers will not practice a land use unless, from
their point of view, it pays. Financial analysis can answer some immediate, practical questions:

• Is this crop, or land use, the most profitable option?
• Where can this crop be grown, or land use practiced, most profitably?

Economic analysis estimates the value of a system of land use to the community as a whole. For
example, if prices to the producer are reduced by taxes or held at an artificially high value by subsidies,
these taxes or subsidies have to be eliminated to arrive at a shadow price for production. Costs have to be
treated in the same way.

Where there are clear economic consequences of environmental effects, for example the reduction of
sediment in rivers, the money value to the community can be estimated and included in economic
analysis.

Comparisons of financial with economic analysis can highlight the need for policy changes. A particular
land use, for example high stocking rates on communal grazing land (which is free to the producer), may
be degrading pastures and soils, thus destroying land resources. If financial analysis shows the use to be
advantageous from the farmers' point of view, it is likely to continue, however environmentally or, in the
longer term, socially damaging it is. Economic analysis should take account of damage to land resources
and the consequent lowering of their productivity. Policy changes will be needed to make a socially
desirable kind of land use equally advantageous to the farmer. Similarly, financial analysis may
demonstrate that farmers do not have an incentive to produce a surplus for sale. If government policy
requires increased production, a change of pricing policy may be an effective way to provide incentives
to achieve the desired change.

Limitations of economic analysis

Economic analysis is easier where there is general agreement on social values and development goals
and where there are freely competitive markets. It is complicated where there are distortions of the
market or where development brings unintended side-effects, such as pollution or the loss of communal
resources, e.g. access to grazing or fuelwood. It is the job of the planner to identify these side-effects and
to assess their economic costs.

A serious limitation of economic analysis is that it is biased in favour of quick-yielding investments. The
technique of discounted cash flow analysis, which is used to convert costs and benefits arising in the
future to present-day values, has the effect that benefits accruing more than about 25 years in the future
have virtually no present value at discount rates greater than 10 percent (Figs 10 and 11). This makes it
difficult to justify long-term investments, especially in forestry. The choice of discount rate has more
effect on the value of any long-term agricultural or forestry development than the predicted yields of



crops or timber.

Finally, costs and prices can change within a few years and projections of their future levels are risky.
For example, it may be found that oil-palm is a more profitable crop shall rubber at present-day costs and
prices but, by the time these crops are producing, the position may have reversed. There is no easy
solution to this problem. For perennial crops or forestry, it may prove better to adopt land uses that
perform best in physical terms, rather than seeking short-term price advantages. Economic calculations
must be updated periodically during the planning period.

Strategic planning

Strategic planning must take a medium- to long-term view to avoid closing options for the future.
Land-use policy must take account of land suitability, the current economic situation, the production and
services obtainable in relation to the expected future needs and the possibility of meeting demands from
elsewhere.

Land with severe physical limitations usually offers few viable options. Land-use planning is more
difficult for land that is well suited for many different uses. Besides physical and economic suitability,
one needs to know the critical importance of land for specified uses. This means estimating not only
whether a particular area is physically suitable but also whether it is important that this specific area of
land should be used in a particular way. Examples are protected sites for the preservation of rare plant
communities or the prevention of urban encroachment on to prime farmland.

This issue can be addressed by first devising realistic alternative scenarios of future needs and then
comparing estimates of the potential production with the target production. If a target can be met easily,
no particular area of land is likely to be critical for that use and, therefore, flexibility of land use is high.
But if most of the physically suitable land will be needed to meet the target, all such land is critical and
flexibility of land use is low.

Figure 10: Current worth of $1000 received in future years at different discount rates

Figure 11: Current worth of a benefit of $1000 received ten or 20 years hence at different discount
rates, compared with present costs

Social impact

The most profitable land use for each parcel of land can be calculated in financial and economic terms
but this does not fully represent the effects on the community. Social impact analysis studies the effects
of proposed changes on different groups of people. Particular attention should be given to effects on
women, ethnic minorities and the poorest sections of the community.

There are no fixed procedures for assessing the social impact of a proposed change of land use. The
social purpose of the land-use plan should be laid down at the outset and the impact of each system of
land use can be judged against this goal. Examples of social factors that might be considered are:

• Population. Its projected size, distribution and age structure; the desirability or otherwise
of migration.

• Basic needs. Food security, lessening of risk (e.g. in planning subsistence production as
compared with cash cropping).



• Employment and income opportunities. For example, mechanization may have been
considered as a means of achieving lower production costs but this could lead to
unemployment.

• Land tenure and customary rights. For example, grazing and water rights.

• Administrative structure and legislation with in which planning must operate.

• Community stability.

Understanding how present land-use decisions are made is essential in order to understand the full
economic and social implications of any proposed change. Farming systems analysis can provide an
integrated view by taking the farm family as the decision-making unit. The case will often be that, what
appears to be the optimum land use when viewed from a district level, is impracticable at the farming
system level. This is because individual families have to satisfy their needs from their own farm, which
will not include all kinds of land nor the same proportions as the district or catchment as a whole.

Interface of land-use planning with rural development planning

Often, a change in land use will require investment in physical infrastructure (roads, storage and
processing facilities) and services (marketing, credit, veterinary). New or enlarged settlements also need
infrastructure and social services, such as water supply, health and education services. These social gains
from a rural development plan may compensate for benefits that have to be foregone, such as the
restriction of communal grazing. In this respect, land-use planning merges with rural development
planning while changes in land use may support improved facilities for the community.

CHECKLIST
Step 6

APPRAISAL OF ALTERNATIVES: ENVIRONMENTAL, ECONOMIC AND SOCIAL
ANALYSIS

Responsibility: planning team

• The following studies refer first to individual combinations of land use with land units that have been
classed as suitable in physical terms and, second, to alternative combinations of land use that are being
considered in the plan.

- Environmental impact assessment: soil and water resources, pasture and forest resources, wildlife
conservation, resources for tourism and recreation; off-site effects.

- Financial analysis: are the proposed land-use types profitable for the farmer or other land users?

- Economic analysis: what is the value of the proposed changes to the community, within and beyond
the planning area? Are there areas of land of critical importance (for production or conservation) for
certain uses?

- Social impact: what effects will the proposed changes have on different sections of the community,
especially women, minority groups and the poor?

- Strategic planning: how do the proposed changes in laud use affect wider aspects of rural
development planning, including national goals?
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Step 7. Choose the best option

Planning as a decision support system

At the point of decision, the roles of the planner and the decision-maker must interact. The planner has to
assemble and summarize the facts needed to make an informed decision - namely the results obtained
from the previous steps. The decision-maker has to choose the land-use option that best meets the goals.

Figure 12 represents decision-making as a process of choosing between a range of options, with the
preceding steps of land-use planning shown as a decision support system. It may be obvious which
option is best, or else the choice may involve careful judgement.

In simple cases, a good decision may be made by intuitively weighing the evidence that has been built up
through the previous steps of planning.

Land-use allocation, recommendation and assistance

In the simplest planning situation, that of new land settlement, land units can be allocated to specific
uses. Settlers are then brought in and, at least initially, required to practice those uses.

Far more commonly nowadays, the land is already settled and is being cultivated, grazed, etc., so the
purpose of the plan is to help solve problems of existing land-use systems. In this situation, land use
cannot be simply "allocated". New land-use types can be recommended for specific areas, through
extension services and through provision of inputs and services.

Decisions on land allocation or land-use recommendation for competing uses begin with:

• a set of policy guidelines, for example - a minimum acceptable production of staple foods and
fuelwood, the preferred location within range of existing services and a limited amount of development
capital;

• land units, delineated by a natural resource survey;

• land-use types, designed to be sustainable and economically viable within the planning area.

Figure 12: Decision-making

Sometimes it is helpful to set out the options in a goals achievement matrix and rank them according to
the chosen criteria. Table 7 gives an example. First, the predicted performance of several promising
land-use types is set out according to four criteria. Next, the options are rated according to how well they
satisfy each criterion. Finally, weightings are allotted to each criterion, reflecting the decision-maker's
judgement of the extent to which it should influence land use. No one is likely to make a decision solely
on the "percentage goals achievement", but this procedure draws attention to the subjective weightings
that are being used and the less beneficial as well as the favourable consequences of a particular decision.

TABLE 7
Example of a goals achievement matrix: Dedza District, Malawi



1. Data from Step 6

Land-use type Net income
(#) per ha

Net income
(#) per caput

Population carrying
capacity per km²

Environmental impact

Annual crops with
livestock, improved
management, 1.6 he
farms

113 36 312 Moderate

Annual crops without
livestock, improved
management, 3 ha farms

50 30 167 Moderate

Coffee, improved
management, 1.6 he
farms

-10 -16 156 Low

Ranching -2 75 3 Low

Forestry 63 51 63 Low

2. Goals achievement, as a percentage of the best option for each criterion

Land-use type Return per
ha

Return per caput
employed

Population carrying
capacity

Environmental impact

Annual crops with
livestock

100 48 100 70

Annual crops only 44 40 54 60

Ranching 2 100 1 90

Forestry 56 68 40 100

3. Goals achievement, weighted by the decision-maker's judgement of the importance of each criterion

Land-use type Return
per ha

Return
per caput

Population
carrying
capacity

Environmental
impact

Total goals
achievement

Weighting 0.3 0.2 0.3 0.2 1.0

Annual crops
with livestock

30 10 30 14 84

Annual crops
only

13 8 16 12 49

Ranching 1 20 1 18 39

Forestry 17 14 12 20 63

Source: Dent and Young (1981).

TABLE 8



Example of a summary table of land use: Walapane AGA, Sri Lanka

Land use by crop Potential area Area actually
used

Areas planned
for change this

year

Estimated production
this year

(hectares) (tonnes)

Irrigable land

Double cropped rice 1840 650 +140 1500

Single cropped rice - 450 -32 800

Rain-fed arable land

Bunded rice 2250 1610 -108 1750

Tobacco - 1900 -300 ...

Subsistence upland crops <4 000 2000 -200 ...

Other chena land - 2320 -100 ...

Improved mixed cropping
+ livestock

- 48 +200 140 l.u.

Tea

Estate seedling - 6500 -120 3900

Clonal 5250 370 +120 250

Smallholders - 120 No change 48

Forest

Dense 29980 1630 No change Reserve

Open - 3110 No change ...

Scrub - 1190 -280 ...

Plantation - 4780 +400 4000 m³

Grassland Not estimated 1070 No change 400 l.u.

Urban Not estimated 10 No change -

Water 490 490 No change -

Unusable land 130 130 No change -

Note:
... data not available.
l.u. = livestock units.

The tasks of storage, retrieval and interpretation of a large and heterogeneous mass of information can be
assisted by computerized methods. These can be used for the repetitive task of comparing the predicted
performance of land units against multiple criteria and can present the user with the consequences of
alternative decisions in terms of the optimum land-use pattern and goals achievement.

For the increasingly complex tasks of selecting sites for development projects, allocating land among



several land uses, developing policies on land use as well as allocating resources, hundreds of individual
land units and many alternative land uses may have to be considered. The decision-maker must take into
account a variety of practical considerations, including:

• the expressed preferences of the local people;
• the interests of minority groups;
• national policies;
• constraints, e.g. of land tenure and availability of inputs;
• the maintenance of environmental standards;
• practicability - potential implementing agencies should be consulted;
• costs and the availability of funding.

TABLE 9
Example of a tabular plan format1

Land units Mountains Basins

12-28° slopes Terrace Bottomland Steep knolls
8-20° slopes

Present land use Subtropical mixed
broadleaf forest, 30%
degraded

Well-managed paddy. tobacco and
vegetables

Badly managed
tea or waste

Problems Accessibility, landslips,
soil erosion on recently
logged sites

Water shortage in dry periods: low
incomes. modest rice yield on coarser
soils. Flooding in bottomland. Water
pollution from paper mill effluent

Severe soil
erosion: low
yields

Planned changes Replant degraded land.
Bamboo and spruce
plantations on lower
gentle slopes: pines on
poorer sites irrigated
fruit trees

Increased
fertilizer use and
high yielding rice
on best paddy
soils to release
more permeable
soils for

Fish pond project Upgrade better tea
sites. Farm
woodlots of quick
growing species
for the rest

Standards Strict control of logging
within limits of
regeneration. Extraction
routes to avoid landslip
hazards

Upgrade extension services. Advise on
agrochemical practices to avoid
pollution. Weirs to control water supply.
Do not use field runoff for fish ponds.
Divert paper mill effluent

For tea. mulch
during replanting
and pruning: build
back sloping
terraces and
protected
waterways

1 This is essentially a legend to the planning map which shows the land units and locations
of special projects such as the fish ponds and farm woodland projects.

At this point the decision-maker can appraise the overall situation and, if dissatisfied with the
achievement of any particular policy guideline, can adjust the weighting of the criteria or introduce new



ones. With the aid of a computer, a new land-use pattern and its suitability scores can be produced
quickly and, perhaps over several iterations between the decision-maker and the decision support system,
an optimum solution may be arrived at.

Good land-use decisions can be arrived at without the assistance of a computerized decision support
system. The procedure is the same whether a computer is used or not but the computer package enables
the decision-maker to take account of much more information and to learn from predicted consequences
of alternative decisions.

Second major consultation

The draft plan should now be submitted for public scrutiny. This is the last chance to bring in outside
opinions about the plan and, for most people, it is their first chalice to find out in detail what the plan is
supposed to achieve and how it will affect them.

In the final analysis, most land-use decisions will be taken by the thousands of individual land users, all
making decisions from their own points of view. l se every available means to achieve public
involvement - through meetings, posters, the press, broadcasts and government agencies. Many countries
have no established tradition or mechanism for public consultation. Consultation may be organized
through government, political party mechanisms or traditional systems.

Allow adequate time for reviews and comments, as determined by the decision-maker or planning
regulations, and fix a deadline for the receipt of comments.

Review comments and resolve conflicts

Since the comments may be numerous, a systematic process for dealing with them must be adopted. The
planners can:

• group the comments according to land use, land users or products;
• assign comments by subject area to a member of the planning team for responses;
• list proposed changes in the draft plan;
• submit comments, responses and proposed changes to the decision-maker.

The decision-makers must decide:

-whether the responses to the comments are adequate;
- which, if any, changes should be made to the draft plan.

Not everyone will be satisfied with the plan. Whatever compromises or adjustments are made, there will
still be people who disagree. This should not prevent most of the community from benefiting from the
plan. Some way must be found to resolve conflicts. Essentially, this has to be by negotiation, with all
sides having the opportunity to prepare and present their case. The consequences of decisions at different
planning levels, above and below that of the plan, must be considered, with two-way flows of
information (see Fig. 1).

The critical point in Step 7 is reached with selection of the option that is judged to be the best. This forms
the basis for subsequent preparation of the plan. The data and evaluation of other options are not
discarded, but recorded in the report, since they may be needed for later revision.



Finally, the decision-maker must authorize subsequent steps; that is, the preparation of the chosen plan.
At the local level, this may simply require an executive decision, with preparation and implementation
proceeding directly. At the district level, there may now be a need to formulate implementation as a new
project requiring further funding and additional staff, in which case there will be a time delay between
Steps 7 and 8. At the national level, the most likely action at this point is for the ''national master
land-use plan" (or similar title) to be submitted for approval at the highest level of government, after
which it will form the basis for policy decisions.

CHECKLIST
Step 7

CHOICE OF THE BEST OPTION

Responsibility: planning team

• Set out a series of options for the allocation or recommendation of land-use types to land units. Also
state their evaluation in terms of land suitability and environmental, economic and social analysis.

• Set out the consequences of these options in terms of the goals and planning objectives.

• Present the options and their consequences in a way that is appropriate for review.

Responsibility: planning team and decision-makers

• Make arrangements for consultations with the communities affected as well as with the implementing
agencies; obtain views about feasibility and acceptability.

• Assemble and review the comments received. In the light of these, make any necessary changes to the
options.

Responsibility: decision-makers

• Decide if the response to comments is adequate.

• Consider the options in terms of goals and policy criteria.

• Choose the best option.

• Authorize preparation of the plan.

Contents - Previous - Next
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Step 8. Prepare the land-use plan

At this point, a report is written which has two major functions:

• to present the plan that is now recommended, with reasons for the decisions taken - that is, to summarize the results from Steps 1 to 7;

• to prepare for implementation.

The preferred option for change must be put into a form in which it can be reviewed and, when approved, acted on A specific land-use plan, intended to be
implemented as a development project, is the principal way of doing this. However, depending on the level and purposes of the planning study, the results
may also be implemented as guidelines for priorities or by being incorporated into legislation, development budgets, agency programmes, management
standards and extension programmes.

The following discussion relates mainly to results being incorporated into a specific land-use plan that is implemented as a development project.

Three elements in the plan that is now prepared are:

• What should be done? - the selected changes to land use and where they should be applied or recommended.

• How should it be done? - logistics, costs and timing.

• Reasons for the decisions taken.

Preparation of maps

Land-use planning is critically concerned with what should be done, where. The planning procedure so far has been based on the fact that land conditions
are highly variable and so land-use types that will be sustainable and economically viable on one land unit will fail, in either or both of these respects, on
other kinds of land. Hence, maps form a key element in the presentation of results.

Several sets of maps have been prepared as part of the planning procedure: base maps, summaries of available data and possibly maps based on original
surveys (Steps 3 and 5); land suitability maps (Step 5); and allocations or recommendations of land use to areas of land (Step 7). These are now drawn up
and printed so that they can be used as a basis for implementation and revision.

These maps will be used in the field and in the office by a variety of people - executive, technical and administrative. For the maps to be useful, the
following points should be observed:

• The base-map detail (roads, tracks, settlements, administrative boundaries) should be clear; users will constantly need to find where they are
and what should be done, where.

• At the same time, the features shown in the maps (e.g. land-use types, soils, water resources) should be easy to see; a good quality of
cartography, normally using colour, is essential.

• The legend (key) must be an integral part of the maps.

• The maps should be printed in sufficient quantities to supply all implementing agencies with copies for several years.

Maps are in no way a supplementary part of the report. On the contrary, it may be nearer the truth to say that the text supplements the maps, although they



in fact complement each other. The map showing land-use allocations and recommendations is the focal point of the land-use plan

Writing the plan

The first need is to set out, in summary form and then in more detail, the land-use allocations or recommendations that were selected in Step 7. In this
initial presentation, under a heading such as "Land-use recommendations", set out the selected option, without confusing the reader by references to
rejected alternatives. This part of the text will be read by those who need to know what is to be done next. An important part is a description of the
selected land-use types, including their management specifications and the land units for which they are recommended.

Figure 13: Mapping development possibilities (Kaduna Plains, Nigeria)



Source: Hill (1979).

Type of development Summary definition of development



1. Integrated agriculture (a) In densely Establishment of integrated agricultural development projects
aimed at increasing. existing agricultural production per hectare by
improving infrastructure (communications, supply of agricultural
inputs, produce marketing, credit facilities and extension service
coverage). Run by a semi-autonomous project authority, making
use of self-help wherever possible. Allied to general improvement
of social services.

(b) In sparsely cultivated areas As above but also able to increase production by increasing the
area under cultivation and/or introducing "mixed farming".

2. Mechanized farming Establishment of large mechanized farms (>1000 ha), requiring a
high level of management expertise and mechanization of all stages
of production from land preparation to harvest. Good planning and
adequate conservation measures are essential. Limited to sparsely
cultivated areas.

3. Traditional grazing Improvement of traditional grazing, including control of stock
numbers, the elimination of unregulated burning and the
introduction of forage species into natural grassland. These
measures, together with the establishment of grazing reserves and
the allocation of grazing rights, are components of a suggested
programme to be organized at the interstate level. Limited to
sparsely cultivated areas.

4. Grazing reserves Establishment of reserves in the major traditional wet and
dry-season grazing areas and along migration routes, with
additional reserves within areas freed or being freed by the tsetse
eradication programme. Provision of adequate water supplies,
veterinary services and improved natural grassland coupled with
strict control of stock numbers. Limited to sparsely cultivated
areas.

5. Cattle ranches and dairy farming Establishment of ranches for "growing out" cattle drawn from
Fulani herds. Stock numbers restricted to 2000 head until the
viability of the ranch is established. Area not less than 2000 ha per
1000 head of cattle with 1200 ha for wet-season and early dry
season grazing and 800 ha for fodder grass to provide additional
dry-season roughage Supplementary dry season feeding by
cottonseed. cottonseed cake, groundnut cake. brewer's grains or
molasses as available. Limited to sparsely cultivated areas.
Establishment of dairy herds of not more than 100 milking cows.
Total area not less than 250 ha with 130 ha improved pastures for
wet- and early dry-season grazing and 50 ha to provide additional
dry-season feed, supplemented by locally available concentrates
and crop residues



6/7. Production forestry 6 Development for production of timber Development financed and managed by government and covering a
few to 100 ha in one location, usually for sawn timber production
for local use Alternatively, run by a commercial company at a
minimum annual planting rate of 400 ha for sawn timber or pulp
Confined to forest reserves

7. Development for production of fuelwood and
poles

(a) Production by state and federal departments in forest reserves

(b) Production by farmers on small woodlots, backed by extension
service

(c) Extraction from areas of natural vegetation in forest reserves.

8. Protection forestry: reservation to protect areas against erosion or strict
conservation measures

Protection of existing and establishment of new forest reserves in
areas with slopes greater than 10% (6°) where conservation is
required.

Protection required only in parts of the area

Following this, reasons for the choices and decisions made must be given, again both in outline and in some detail. These explanations are needed by
funding agencies wishing to review the soundness of the proposals from technical, economic or other viewpoints. The basic data also constitute a baseline
for future monitoring and revision of the plan. The more basic information available, the easier it becomes to revise the plan in the future (Step 10).

Logistic planning

The planner must next consider the practical details of implementing the plan: decide the means, assign responsibility for getting the job done and lay
down a timetable for implementation. Set targets that are realistically obtainable, not based on optimism. It may be possible to use experience from
previous development programmes to indicate the rate of change that can be achieved in practice. Certainly, the plan must be in accordance with what the
people concerned are prepared to do.

Logistic planning is a wide-ranging process, calling for previous experience of similar projects. Some guidelines for tasks that need to be done are:

• Draw up a planning base map, showing areas chosen for development year by year. Tabulate these areas.

• Based on the above, itemize the needs for:

- land improvements;
- supporting services;
- physical infrastructure;
- credit and other internal financial services.

• On the same basis, together with the management specifications for land-use types, calculate the inputs needed, for example:

- seed/germplasm (crop cultivars, tree provenances);
- fertilizers, by type;
- pesticides;
- irrigation equipment.

• Plan priority land improvements, for example water storage and supply, roads, drains and other engineering works.



• Plan extension programmes and incentives.

• Identify who is to be responsible for which activity. In particular, junior staff must know what is expected of them and must be given adequate
incentives.

• Ensure that there are adequate arrangements for financing staff costs, inputs and credit.

• Give particular attention to provision for maintenance of all capital works.

• Discuss the details of the arrangements with the decision-maker and relevant agency staff in terms of:

- feasibility and acceptability;
- availability of advisory staff;
- availability of logistic support;
- availability of supervision.

• Assess the need for staff training.

• Make the necessary arrangements for research, within the plan or through outside agencies.

• Establish a procedure for reviewing the plan's progress (Step 10).

Staffing, timing and costs

As one form of summary of the logistic planning, list the requirements for implementation in terms of:

• Staffing: specialists, technical staff, labour.

• Timing: the intended scheduling of changes, drawn up as tables.

• Costs: the finance needed to implement the plan, its scheduling year by year and proposed sources of funding.

• Financial control, including independent audit.

Format of the plan

One of the main difficulties in drafting a land-use plan is the wide range of readership that needs to be informed. This ranges from senior government
ministers, who have time only to read outline summaries of what is to be d one, to technical staff responsible for implementation and the field extension
staff who will have to apply the findings to local areas.

To meet the needs of these different users, it has frequently been found useful to divide the plan into the following sections:

• Executive summary. Written for non-technical decision-makers; a summary of the land-use situation, its problems, the opportunities and the
recommendations for action, i.e. the focal point. Reasons for decisions taken are given, but only briefly. Clear, concise writing is of the highest
importance. This section should include at least one key map, the (master) land-use plan and possibly other maps at small scales. It is typically 20 to 50
pages long at the most.

• Main report. Explains the methods, findings and factual basis of the plan. Written for technical and planning staff who want to know details, including
reasons for decisions taken. Often five to ten times as long as the executive summary.

• Maps volume. An integral part of the main report, presented separately for convenience of binding.



• Appendixes. Give the technical data that support the main report. These may run to several volumes. They include the results from original surveys
conducted as part of the plan, e.g. soil surveys, forest inventories, records of river flow.

Box 9
Example of headings for a land-use plan

TITLE

Land-use plan for...

• Note that until the plan has been approved by the decision-maker, it is a "proposed land-use plan".

SUMMARY

• Highlight problems, recommendations and the main reasons for these recommendations.

INTRODUCTION

• The long-term goals for the planning area and the purpose of the plan

• Relationship with other documents. Briefly describe legislation and any higher-level plans as well as local plans that are related to this plan.

• Description of the planning area. A brief overview of location, area, population, land resources, current land use and production

MANAGEMENT PROBLEMS AND OPPORTUNITIES

• Statement of land-use problems and opportunities.

• Rationale for the selected option.

• Summary of the changes the plan will bring about, by subject area or geographic area.

DIRECTION

• List land-use types and standards that apply to the whole planning area and to individual planning units.

• Identify projects. Illustrate with maps and diagrams.

• Time scale for action.

MONITORING AND REVISION

• Describe the procedure for reviewing progress and revising the plan.

WORK PLAN FOR IMPLEMENTATION

• List individual projects with details of location, time, resources required and responsibility for implementation.

APPENDIXES

• Supporting information:



- physical environment, planning units, agroclimate and soil data;
- population, settlement, infrastructure, tenure;
- present land use;
- land-use types and land requirements;
- land suitability;
- economic projections.

Public relations material

Relatively few people will read the full planning document, a larger number will read the executive summary, but a lot of people need to be informed
about the plan. Each implementing agency needs clear instructions, set in the context of the plan as a whole.

Equally important is a range of public information documents, posters and press releases which are needed to inform the people about the plan, its
relevance, the benefits to the community as a whole and the participation needed from different sections of the community. This additional material will
draw on the main report but should be specially prepared and well illustrated to secure the most effective participation of all parties.

CHECKLIST
Step 8

PREPARATION OF THE PLAN

Responsibility: planning team

• Prepare maps - the basic or master land-use plan and supporting maps.

• Set out the land-use allocations and recommendations, based on the preferred option selected in Step 7. Give descriptions of land-use types, including
management recommendations on each kind of land.

• Set targets for achievement, by land-use type, area and agency. Specify how they will be reached. Check that they are within the capabilities of the
agencies and infrastructure.

• Draw up logistic preparations, specifying the capital works, recurrent inputs and responsibilities for implementation.

• Establish mechanisms for monitoring progress and revising the plan (Step 10).

• Make arrangements for research needed to support the plan.

• Determine the finance needed for each operation and determine sources of funds.

• Write the report - executive summary, main report, maps and appendixes.

• Establish mechanisms for communication with, and the participation of, all institutions involved.

• Prepare public relations material.

Step 9. Implement the plan

The objective of the entire land-use planning exercise so far has been to identify and put into practice beneficial land-use changes. Hence, implementation
is included as a "step" in the planning process, albeit a step of a different nature.



At the national level, implementation is likely to be through policy guidelines which may also serve as a framework for selection of possible projects at
the district level. In this sense, the planning team remains throughout a part of implementation, supplying information to government as a basis for
decisions.

At the local level, implementation is sometimes carried out almost contemporaneously with planning. The planning team may move from one locality to
another and draw up detailed plans for implementation (within a framework set at the district level), while leaving the local extension staff, village
agricultural committees or other local agencies to put the plan into practice. At the district level, the plan will frequently be implemented by means of a
development project. There may be a time gap between planning and implementation for financial, bureaucratic or political reasons. The responsibility for
putting the plan into effect rests with the decision-makers, the implementing agencies and the people of the area.

The decision-makers have to release funds, instruct sectoral agencies and facilitate the work of private-sector collaborators. Governments may use
incentives such as grants and subsidies and may introduce regulations. Sectoral agencies such as the Forestry, Agriculture and Irrigation Departments may
work directly where they have the necessary staff and experience; alternatively, they may work indirectly by training as well as through extension
services, field demonstrations and workshops.

The role of the planning team

The planning team has several important contributions to make to implementation. The first is simply to ensure that the measures recommended in the
plan are correctly understood and put into practice by the implementing agencies. Representatives of the planning team form an essential link between
planning and implementation.

Related to this, the planning team can take a lead in coordinating the activities of the implementing agencies and generally maintain communications
between all parties to the plan. It can assist in institution-building, the strengthening of existing institutions or, where necessary, the formation of new
ones. This can include staff education and training.

A further activity regards public relations. This may include explaining the land-use situation and plan to the media, at public meetings and in schools.
The planning team is in a particularly good position to organize research related to the plan, since they are aware of the problems likely to be encountered.
Finally, the team will monitor and evaluate the success of the plan (Step 10).

Much time may be needed to ensure the comprehension, participation and satisfaction of the people of the area as well as that of the local and national
government authorities. This is clear in the case of the more socially oriented activities such as pasture management committees, cooperatives and credit
for small farmers, yet it applies at all levels. Public relations should not be a one-way process of government "explaining" actions to the people, hut a
two-way interchange of ideas. If members of the local community say, for example, that it would be unwise to graze cattle in a particular area during the
dry season, they may have excellent reasons which the implementation team should take into account.

Implementation will often depend on efficient project management. The time, finance and other resources devoted to it will often considerably exceed
those of the entire planning process preceding it. Implementation involves many aspects that lie beyond the scope of these guidelines, hence the brevity of
this section.

Plate 6: Discussion and coordination is essential at many levels

Two aspects which lie at the interface between planning and implementation will be noted: they are institution-building and participation.

Institution- building

It has never been established that the efficient use of land depends on long-term planning. For one thing, the means of implementing long-term plans to
date have not proved very effective. Indeed, many government attempts to make farmers conform with (misguided) land-use plans can now be seen as



counterproductive.

An opposing view is that land use is best left to market forces, i.e. to a large number of decisions taken by individuals for their own private ends. By
keeping decisions small, there is time to learn from both successes and failures, and economic forces will encourage land users to make the best use of
resources. This argument rests on decisions being taken where the information is complete but, in fact, individual land users are not always well aware of
the consequences of their actions. Without government support, many options are not open to them. Economic pressures can force land users into actions
to supply their short-term needs, which will have adverse consequences in the future.

Whatever degree of public intervention is chosen, a professional team is needed to build up an informed opinion on the management of the land and to
advise decision-makers on the range of options open and the consequences of alternative decisions. This team needs both the support of the people on the
ground and the authority and resources of government.

Government agencies and budgets are mainly organized by sector (Agriculture, Livestock, Forestry, Irrigation Departments, etc.). Land-use planning has
to cut across these administrative hierarchies; however, it must do this without appearing to challenge the influence and budget of established institutions.

Attempts at integrated planning are commonly frustrated by:

• ill-defined responsibilities for coordination of sectoral activities and regional administrations;

• inadequate cooperation with national and regional authorities and with specialist agencies, leading to inefficient use of the available data
and expertise;

• lack of experienced staff and the absence of a career structure.

Bureaucratic conflicts can be avoided by hiring consultants to prepare a plan, but experience suggests that plans commissioned from consultants are not
often used unless external funding has been built in. Typically, there is little local involvement and neither the executive nor the sectoral agencies have the
commitment to implement them. There are two proven alternative strategies:

• Set up a special planning area with its own budget and administration (e.g. the Tennessee Valley Authority). This avoids interagency
conflicts by replacing the existing agencies, but it is costly and takes time.

• Set up an independent land-use planning unit (Fig. 14). This will need a range of expertise, access to authority and the ability to make quick
decisions. If it is yet another sectoral body, it will merely compete with other agencies and will not be in a strong position either to influence
their programmes or to implement plans of its own.

Probably, the most effective role for the land-use planning unit is as a direct support to the executive. At the highest level, land-use planning might be
dealt with by a small committee of permanent members drawn from appropriate departments or agencies with a technical (rather than administrative)
secretary. The land-use planning committee should make recommendations on priorities, the allocation of resources and the establishment, approval and
coordination of land development programmes. Above all, the chain of responsibility must be clear.

At the national level, the committee will need the professional support of a land-use planning unit responsible for technical aspects of planning, a national
land resources database, training and backup for district-level planners. At the district level, staff needs will be more modest, perhaps just one district
land-use planner will be required to coordinate district sectoral agencies. Again, the planner should be directly responsible to the chief executive officer
and not to a particular department.

FIGURE 14
Alternative institutional structures for land-use planning



Land-use planning as a separate agency

Land-use planning as a coordinator of agency activity

Land-use planning as a support to the decision-maker

Note: LUP = land-use planning.

Participation

It should be clear from all that has been said that land-use planning must involve the local community, the technical agencies and decision-makers at all
levels. Their participation has to be built into the planning process.

Among the many reasons for this are:

• that the right questions be addressed - different groups of people can have very different perceptions of land-use problems and
opportunities, and specialists do not always know best;

• to make use of the fund of local knowledge of the land and the economy of its use;

• to draw on the inventiveness of local people, technical staff and administrators - locally developed solutions will be accepted and
implemented more quickly than external technology;

• planning time and skills are limited, so planning down to the last detail is not a realistic option - if land users are committed to the broad
outlines of the plan, they will attend to the details anyway.

The planners must work to secure the commitment of all parties to whatever consensus is arrived at in the land-use plan. The surest way of achieving this
is to keep all parties informed at every stage of the process, and to make use of the skills and knowledge that they have to offer. If there are no procedures
for consultation, then these must be devised and put into effect.

Participation is of the highest importance in incremental planning. This involves building up and documenting knowledge of the land-use situation and
identifying important gaps in that knowledge On the one hand, it requires strengthening the capacities of local communities and decision-makers to make
use of the planners' information. On the other, it involves helping decision-makers to focus on land-use goals, the underlying causes of problems and the
range of opportunities open to them.

CHECKLIST
Step 9

IMPLEMENTATION OF THE PLAN

Responsibility: implementing agencies and planning team together

Implementation involves a wide range of practical activities, many of which lie beyond the scope of these guidelines. The following refer specifically to
roles that the planning team may undertake.

• Ensure that the changes recommended in the plan are correctly applied in the plan; be available for technical consultations; discuss with implementing
agencies any suggested modifications.

• Help to maintain communications between all people and institutions participating in or affected by the plan, i.e. land users, sectoral agencies,
government, non-governmental organizations, commercial organizations.



• Assist in coordination of the activities of the implementing agencies.

• Assist in institution-building by strengthening links between existing institutions, forming new bodies where necessary and strengthening cooperation.

• Focus on the participation of the land users; ensure adequate incentives.

• Organize research in association with the plan; ensure that results from research are communicated and, where appropriate, incorporated into the plan.

• Arrange for education and training of project staff and land users.

Contents - Previous - Next
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Step 10. Monitor and revise the plan

Now the planning process comes full circle. Information is needed on how well the plan is being
implemented and whether it is succeeding, so that the implementation agencies can improve the way in
which the plan is being applied and so that the planning team may learn from experience and respond to
changing conditions. It is necessary to know:

• Are the land-use activities being carried out as planned?
• Are the effects as predicted?
• Are the costs as predicted?
• Have the assumptions on which the plan was based proved to be correct?
• Are the goals still valid?
• How far are the goals being achieved?

Monitoring

Data are needed to answer all these questions, but data collection must not be allowed to become an end
in itself. The more time spent gathering data, the less available for analysis and action. Focus on readily
measurable outputs or land conditions relevant to the planning goals and use established methods of data
collection such as product sales records. Rank the importance of items to be measured, so that time and
budget constraints do not prevent important data from being acquired. Crop yield, rates of tree growth
and livestock production are obvious indicators. Other critical data sets are linked to the nature of the
plan; for example, the monitoring of water availability in irrigation projects or of river sediment load in
projects intended to check erosion.

Monitoring may involve observations at key sites, regular extension visits and discussions with officials
and land users. A checklist and periodic meetings in the planning area may serve the purpose. Those
responsible for plan implementation should list the tasks needed to correct problems as they arise and
should also take action.

Review and revision

By analysis of the data collected, compare what has been achieved with what was intended. Identify
problems in the implementation of the plan, or in the data or assumptions on which the plan is based.

There are a wide variety of reasons for failure. The first is that the plan was found to be based on
incorrect assumptions; for example, that low crop yields were caused by a lack of fertilizer when in fact
the major constraint is water. There may be changes in economic circumstances, such as when the world
price of a cash crop falls. Often, failures occur in the logistics of implementation; if monitoring finds that
fertilizers are not reaching farmers, is this a result of inefficiencies in the distribution system? Lastly,
there may be problems of communication and participation, such as farmers who are not in fact planting
the multipurpose trees that are recommended. Such problems should first be approached by finding out
the reasons through talking to farmers.

Try to find solutions to the problems and discuss them with those who have to initiate corrective action.
For minor changes, this can be at the level of the implementing agencies, for example in the form of



revised extension advice. More substantial changes, amounting to a revision of the plan, must be referred
to decision-makers. Continuous minor revisions are to be preferred where possible, since the attempt to
make more substantial changes can lead to delays. However, there is no point in persisting with methods
that are clearly failing to achieve their objectives.

This is the point at which benefits can be derived from the research initiated as part of, or in association
with, the plan. If some of the problems encountered were anticipated, shell research results may be
available. This applies both to technical problems, for example of plant nutrition or water quality or
social difficulties. Where new problems arise, additional research will have to be undertaken.

There will usually be a change of emphasis over the lifetime of a development plan. In the beginning
there will be an investment-intensive phase in which the results become visible in the shape of roads,
water supplies, job opportunities, credit and material inputs. The second stage, consisting of extension
and maintenance and operation of capital works, is harder to monitor. Day-to-day management is in the
hands of individual farmers; credit repayments have to be administered, supplies of inputs maintained
and marketing arrangements reviewed. The transition from the politically popular investment phase to
the phase of ongoing maintenance and improvement is difficult. The latter calls for even more effective
and willing cooperation between implementing agencies and land users.

CHECKLIST
Step 10

MONITORING AND REVISION

Responsibility: planning team

• List the goals and criteria achievement agreed in Step 1. Add any that emerged later in the planning
period.

• Gather data relevant to each criterion of attainment: physical, economic and social.

• Compare what has been achieved with what was planned. Identify elements of success and failure.

• Seek explanations for failures. Were they caused by:

- Incorrect assumptions of the plan?
- Changed economic or political circumstances?
- Logistic problems of implementation?
- Problems of communication and participation?

• Review the goals: are they still valid?

• Initiate modification or revision of the plan:

- minor modifications through action by implementing agencies;
- larger revisions by the preparation of proposals and reference back to decision-makers.

Contents - Previous - Next
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Chapter 4. Methods and sources
A wide variety of methods are used in land-use planning They are taken from the natural sciences
(climatology, soil science, ecology), from technology (agriculture, forestry, irrigation engineering) and
from the social sciences (economics, sociology). Some of the methods, notably land evaluation, are
interdisciplinary.

It is impossible to give detailed accounts of these methods in the guidelines. Many require handbooks of
substantial length. The following notes indicate some of the principal sources in which such accounts can
be found, details of which are given in the Bibliography, p. 93.

Land-use planning: general accounts

• Beatty, Peterson and Swindale (1978): the focus is on planning in developed countries.
• Davidson (1980): soils and land-use planning.
• FAO (1991b): includes accounts of 13 land-use planning applications, mainly in
developing countries.
• ILRI (1980): includes detailed checklists of possible activities in regional planning.
• Laconte and Haimes (1985): water resources and land-use planning.

National land-use planning handbooks

National handbooks vary in content. Some are strongly focused on soil conservation, others include
elements of land evaluation. Some examples are:

• Bangladesh: Brammer (1983).
• Brazil: Ramalho Filho et al. (1978).
• Canada: Lang and Armour (1980).
• Colombia: Vargas (1992).
• Ethiopia: FAO (1984b).
• Lesotho: Greenhow (1991).
• Sri Lanka: Dent and Ridgway (1986).
• United Republic of Tanzania: Corker (1983).
• Zimbabwe: Zimbabwe Federal Department of Conservation and Extension (1989).

Land-use planning applications

• OAS (1984): regional development planning.
• FAO (1991b): includes accounts of 13 land-use planning applications.

Information management

Decision-making depends on timely information on the present land-use situation, on possible ways of
improving this situation and on the consequences of implementing each alternative solution. The
gathering and storing of data requires much time in planning, but is not an end in itself. It is important to
reserve time to interpret and apply these data to the task in hand. To manage information effectively, it is



essential to know the place of each operation in the information system as a whole (Fig. 15). Otherwise,
it is easy to concentrate on one part of the system, or one specialist task, without recognizing the
implications it has for the whole operation. For example, if a lot of information is required, then a big
investment in data collection, storage and reporting is necessary.

Good information management involves keeping a balance in the system. Information needs should drive
data collection. Therefore, if there is a problem with grazing or drainage, focus attention there. Only
collect data if it is known what they will be used for.

There must often be a trade-off between the excellence of the data and the time and cost of collecting
them. Ways of making surveys cost effective include:

• Establish what is already available but check the reliability of the data.

• Collect data incrementally. Begin with a rapid overview of the whole area. Use this to identify those
areas from which more detail is needed.

• Stratify the planning area. Divide the planning area according to the kind of information needed. This
may reflect the potential land-use pattern or a physical characteristic that may be a limiting factor; for
example in hill country, where land use is limited by steep slopes, detailed soil information may not be
needed. Usually, the land mapping units delineated in Step 3 will provide a basis for stratification.

• Carry out a pilot study. Work through the whole planning process, or at least Steps 3 to 6, for a small
representative area. This will identify more clearly the relationships between the collaborating workers
and agencies. Discussions between all parties will be more fruitful when the output of several steps is
available. For example, financial analysts may not be very clear about what natural resource information
they require for a specific project until they have had experience in using it.

• Know the method of analysis. Design each survey with the method of analysis to be used in mind.

• Organize and store the data systematically, paying attention to:

- Quality control. Always list where and how data were obtained, in the field or from printed
sources;

- Protection. If stored on paper, protect from fire, damp and insects; if stored on computer
diskettes, keep backups, both on diskette and as printouts; prevent unauthorized people
altering data;

- Updating. Record when data were last revised or updated.

Figure 15: Elements of a land-use planning information system



Box 10
Questions on the use of computerized methods of information management

Any organization contemplating the introduction of computer assistance for natural resources surveys,
land evaluation and land-use planning should seriously consider at least the following ten questions
(Burrough, 1986):

1. Identify your problems carefully. What do your customers or users expect of you and
will a computer help provide the service they need?

2. How much money have you for investment and operation?

3. Have you trained staff available to operate the computer or to ensure the strict
organization that efficient use of a computer requires?

4. Are you aiming at countrywide systems or a single-project system?

5. How much data and what kinds of data will you have to process at any one time?

6. What is the structure of your data? Will you have to interface with other types of data
that may possibly have a different organization?

7. What is the quality of graphic output you can afford and what quality will your staff and
clients accept?

8. Have you the necessary physical support facilities such as stable electricity supplies,
air-conditioning and low-humidity rooms?

9. Can you collect data that are of a reasonable quality and worth the investment of a
computer system?

10. What existing systems can you make use of? Can you acquire them in a modular way,
allowing the gradual buildup of a comprehensive computer system? How permanent are
those systems and how dependent will you be on a particular company or supplier for
support when things go wrong or become obsolete?

A computer may not be necessary or cost effective. For small projects, it certainly will not. The most
critical problem is likely to be the availability of trained staff.

Systems analysis

Data are often processed by means of systems analysis; that is, the analysis and modelling of interrelated
processes. A system to be modelled must have defined boundaries. Within the system there are often
stores of flows (of materials, energy, money, etc.). External flows cross the system boundaries as inputs
and outputs. For example, in modelling nutrient dynamics in a plant-soil system, stores of nutrients occur
in the plants, the organic soil fraction and the mineral soil fraction; internal flows refer, for example, to
litter fall, humification and plant uptake from soil; and external flows to inputs such as atmospheric
nitrogen fixation and outputs such as harvest of crops, or to the loss of nutrients in eroded soil. In
modelling a farming system, some of the flows will refer to materials, such as seed and fertilizers, and
others to energy or money.



Accounts of systems analysis, its potential and problems are given in:

• Arnold and Bennett (1975).
• Bennett and Thomas (1982).
• Biswas (1982).
• IIASA (1980).
• Morris (1977).
• National Research Council (1976).
• Quade and Miser (1982).
• Romero and Rehman (1989).
• Rossmiller (1978).

Geographic information systems

A geographic information system (GIS) is a computer-based system of storage and manipulation of data
which is organized by area or location. Areas can be identified by a grid of cells (cell-based or raster
systems), or information can be stored by means of the boundaries of mapped areas, e.g. land units or
administrative units (polygon-based systems). A GIS enables different kinds of information to be recalled
and combined; for example, areas that are both suitable for export crops and within a specified distance
of an all-weather road could be overlain and mapped.

Most kinds of data processing undertaken on a GIS can also be done manually, by overlay of transparent
maps, comparison and calculation. For small areas and few mapping units, this is the quickest way to do
it. A GIS becomes efficient where there are numerous mapping units and many combinations of data are
needed.

A GIS can offer valuable facilities to land-use planners. First, disaggregated data can be stored and
retrieved by location. For example, crop yields may have been collected in order to calculate a financial
measure of performance like the gross margin; these data can be stored and subsequently retrieved and
used again for other purposes. Point data can be stored as such, rather than being lost by incorporation
into mapping units. Thus, in a soil survey, data such as soil depth and texture, gathered for individual
locations in the field, can be stored and retrieved for use in land evaluation. A further facility is to
undertake complex and manually tedious calculations using any combination of the data in store. In this
way, tables and maps of interpreted information can be produced very quickly. More important, the data
can be updated or corrected and the methods of calculation revised by changing the computer program so
that new maps and tables can be produced rapidly.

The cost of a GIS is now low and quite powerful systems can be run on personal computers. Systems
have been developed for land-use planning, ranging from those that are relatively simple and easy to use
(e.g. Ridgway and Jayasinghe, 1986) to complex ones (e.g. Wood and Dent, 1983; Schultink, 1987).

Accounts of the nature and potential of GISs are given in Burrough (1986) and Maguire, Goodchild and
Rhind (1991). The IDRISI system is relatively easy to use and its capacity is substantial. The CRIES
system (Schultink, 1987) and the ILWIS system (Valenzuela, 1988) are specifically designed for land
resource evaluation. A powerful but very complex system is ARC / INFO.

Natural resource surveys

There is a large number of publications on the survey of natural or environmental resources: following is



a selection.

• Bunting (1987): a collection of methods that have been used for agro-ecological characterization and
classification; see especially the chapters by Young (1987) and Brinkman (1987).

• Dent and Young (1981): an account of soil survey methods, suited to different scales and purposes, and
of land evaluation, including a comparison of the FAO framework with other methods.

• FAO (1979b): soil survey methods for irrigation planning.

• FAO (1984c, 1987): agroclimatological data for Africa and Asia, respectively.

• Landon (1991): a useful reference for many aspects of soil evaluation and classification

• Carver (1981): air photography in land-use planning.

• Lindgren (1985): applications of remote sensing methods in land-use planning.

Box 11
Climatic data for land-use planning

LAND QUALITIES CLIMATIC CHARACTERISTICS

• Sufficiency of energy • Temperature regime, sunshine hours, day length

• Frost hazard • Probability of frost (local occurrence - not adequately recorded
in standard data)

• Sufficiency of water • Reference evaporation Eo
Crop water requirement = Eo x crop coefficient
Rainfall probability
Effective rainfall

• Irrigation need/drought hazard • Rainfall probability - crop water requirement

• Length of growing season • Period of energy and water sufficiency

• Hazard of high winds, high
temperature, hail, low humidity

• Probability of occurrence in the growing season

• Erosion hazard • Rainfall intensity

The Agricultural Studies Unit of CIAT has created land system and agroclimatic databases to support
agricultural research management. These and complementary agronomic techniques help CIAT in the
selection of high-yielding crop varieties with farm-effective organic and mineral fertilizer
recommendations for a given ecosystem, while contributing to the successful conservation and use of soil
resources in tropical South America (Cochrane et al., 1984).

Rural land-use analysis

Three methods have been described for the analysis of problems of rural land use: farming systems
analysis, diagnosis and design and rapid rural appraisal. These have much in common: all are centred on
interviews with a sample of rural land users, preferably stratified according to identified classes of
farming system. The methods are not confined to problem diagnosis but include elements of later steps in
land-use planning, particularly the design of improved land-use types and social analysis.



Farming systems analysis. (Fresco et al., 1992; FAO, 1991b, p. 147-152.) This is centred on the
identification of farm-level constraints and aims to develop adapted technologies for specific farming
systems. The publications cited outline how it can be combined with land evaluation as an integrated
sequence, i.e. land evaluation and farming systems analysis (LEFSA).

Diagnosis and design (D&D). (Raintree, 1987a; Young, 1986.) This approach was developed
specifically for the design of agroforestry systems but can be applied to other types of land use.
Diagnosis means the identification of problems with land-use systems and the analysis of their causes;
design is the formulation of promising land-use types that might help solve these problems. The analogy
is with the medical profession where a doctor must diagnose an illness before it can be treated. One way
in which diagnosis and design can be integrated with land evaluation procedures is given in Young
(1986).

Rapid rural appraisal. (Abel et al., 1989; FAO, 1989a; McCracken, Pretty and Conway, 1988). This
approach is intended as a relatively rapid way of acquiring (in a matter of weeks) essential information
on existing rural land-use systems, including the problems they entail.

Modelling

There is a large and increasing number of computer models relevant to different aspects of land-use
planning. Most models consist essentially of quantitative predictions based on input data, for example the
prediction of plant evapotranspiration from weather data or the prediction of net present return from data
on inputs, production, costs and prices. Note that:

• models are only as reliable as the data which are entered into them;

• wherever possible, models should be calibrated for the planning area, its climate, soil
types, etc.; data should be entered and the results compared with an independent measure,
for instance crop yield.

Box 12
Water resource data for land-use planning

• Present water use

- River abstraction, tanks, groundwater
-Location of abstraction points, sluices, dams, wells and boreholes, with yields

• Present storage capacity of tanks and reservoirs

• Reliable yield of water for each river catchment - 75% and 90% probability low flow (from
hydrograph records) or 75% and 90% probability rainfall - Eo over seven- or ten-day day periods x area
of catchment

• Safe yield of groundwater (from test pump data or well records)

• Depth below surface of useful groundwater

• Location of aquifers



• Water quality

• Location of irrigable land

• Legal and customary rights

Figure 16: Example of the relationship between a land characteristic and plant growth: the effect
of soil pH on the growth of storage roots of sweet potato

Source: Hackett (1988).

Results from modelling can be combined with a GIS to show the spatial extent of the effects modelled
(e.g. crop yield, tree growth).

Examples of the purposes for which modelling has been applied in land-use planning are:

• Agriculture (Heady and Srivastara, 1975).

• Crop growth, for example the CERES/DSSAT set of models (Jones and Kiniry, 1986); WOFOST (van
Diepen et al., 1988).

• Crop water requirements (FAO, 1977; 1979a).

• Decision-making in land-use planning (Cocks et al., 1983; Ive, 1984; Ive and Cocks, 1987).

• Forestry and agroforestry (Davey, Prinsley and White, 1991).

• Land evaluation, e.g. automated physical land evaluation (APLE); automated land evaluation system
(ALES) (Beck, Burrough and McCormack, 1987; Higgins et al., 1987; van Keulen et al., 1987).

• Soil erosion, e.g. the universal soil loss equation (USLE) (Wischmeier and Smith, 1978); soil loss
estimator for southern Africa (SLEMSA) (Elwell and Stocking, 1982).

• Soil response to land use, e.g. soil changes under agroforestry (SCUAF) (Young and Muraya, 1990);
CENTURY (Parson et al., 1989).

• Descriptions of a range of models applicable, with references, are found in Bunting (1987) and Davey,
Prinsley and White (1991).

Land evaluation

Land evaluation in its broad sense covers Steps 1 to 6 in Chapter 3, from the setting of goals to land
suitability evaluation, including environmental, economic and social analysis. It has been most widely
applied as qualitative (physical) land evaluation, as in Step 5. Among the information to be found in land
evaluation handbooks are checklists of descriptors for land-use types, land qualities and land
characteristics as relevant to different kinds of land use.

The basis of the approach is described in FAO (1976). Other accounts are given in Dent and Young
(1981) and McCrae and Burnham (1981). Recent developments in quantitative land evaluation, including
computer programs and modelling, are described in Beek, Burrough and McCormack (1987). Detailed
guidelines are available on land evaluation for:



• rain-fed agriculture (FAO, 1983);
• irrigated agriculture (FAO, 1985a);
• forestry (FAO, 1984a);
• extensive grazing (FAO, 1991b).

Requirements for plant growth

The FAO Soil Resources, Management and Conservation Service is establishing a two-level database
(ECOCROP 1 and 2) covering the ecological requirements and responses of plants, with emphasis on
economic crops. ECOCROP 1 which, by July 1993, contained data for 1200 species, identifies arable
crop, pasture and tree species for defined environments.

In ECOCROP 2, designed to support a wide range of existing and future models, information is held in
the form of pairs of coordinates representing the response of a whole plant or plant process at a given
level of an environmental factor, with specified values for the other factors. For example, growth rate at a
given temperature or rate of photosynthesis at a given light intensity. The aim will be to have at least
three or four of such pairs in order to define a response curve.

At an intermediate level, empirical relationships for plant/ environment response have been collected for
a large number of plants by Hackett (1988).

Some countries have begun to collect data on plant growth requirements at a national level under the
direction of national soil survey or land-use planning organizations. Other local systems will be found in
previous land evaluation surveys. Criteria should not be taken uncritically from previous surveys but
rather examined and, if possible, tested.

Financial and economic analysis

Financial and economic analysis for the purpose of land-use planning uses essentially the same basic
methods as do other kinds of project analysis. The foundation of this method is set out in Gittinger
(1982) and Bridger and Wipenny (1983). The application of economic analysis to natural resources is
discussed in Pearce and Turner (1990), Wipenny (1991) and Whitby and Willis (1978).

A specific problem encountered is that of choosing the discount rate for investments of which the returns
will not be received for many years, e.g. most kinds of forestry. This is discussed by Leslie (1987). The
application of economics to land-use planning is discussed in Harrison (1977).

Decision-making

• Romero and Rehman (1989).

People's participation

• Huizer (1983).

Land tenure

• FAO (1989b): appraisal of tree and land tenure.
• Raintree (1987b): land and tree tenure in agroforestry.
• Dale and McLaughlin (1988): cadastral aspects of land-use planning.



Implementation

• Mollett (1984).

Legislation for land use

• FAO (1971).
• Roberts (1977).
• FAO (1985b).
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Glossary
Note: For terms in bold, see separate entries.

Agroclimatic region

An area of land that is suited to a specified range of crops, defined in terms of its temperature and rainfall
regimes and, especially, its growing period.

Agro-ecosystem

An ecosystem based on agriculture. A farm, or component of a farm, treated as an ecosystem.

Agroforestry

A collective name for land-use systems in which woody perennials (trees, shrubs, etc.) are grown in
association with herbaceous plants (crops, pastures) and /or livestock, in a spatial arrangement, a rotation
or both, and in which there are both ecological and economic interactions between the tree and non-tree
components of the system.

Air photographs

Photographs of the land surface taken from aircraft, usually at a vertical angle, normally at scales of from
1:50000 to 1:5000. For interpretation, air photographs are viewed stereoscopically to give a
three-dimensional impression. Landforms, vegetation, land use and some infrastructure (especially roads
and tracks) can be directly seen on air photographs, while soil properties, geology and other land
properties require indirect interpretation and administrative boundaries cannot be seen. Air photographs
can also be used as base maps for presentation of a land-use plan. Air photographs may be panchromatic
(black and white), colour (true colour) or false colour (see false colour imagery). Also called aerial
photographs.

Aquaculture

Management of any plant or animal that lives in water, e.g. fish farming, shrimp farming.

Benefit-cost ratio

The present value of the benefits from an enterprise (farm, forest, etc.) divided by the present value of
its costs.

Cadastral survey

The inventory and register of landownership on maps.

Conservation requirements

The conditions of land necessary or desirable to achieve conservation of natural resources under a given
land-use type.



Critical path method

A way of planning the operations needed to complete a land-use planning project by identifying the
individual operations needed and plotting how each task has to be related to the others in time.

Crop requirements

The conditions of land necessary or desirable for the successful growth of a crop.

Decision-maker

An executive person or group responsible for land-use policy, action and allocation of resources.

Digitized may

Mapped information stored in numerical form as a series of coordinates (north, east) and their values or
properties (e.g. altitude, soil series, land use).

Discounted cash flow analysis

A method of financial analysis and economic analysis in which future benefits and future costs are
reduced to a lower value, which is judged to be their present value, by discounting.

Discounting

The reverse of adding interest. The value of a cost incurred, or benefit received, is reduced by an annual
percentage, i.e. the discount rate, to obtain its present value.

Discount rate

The interest rate used to assess the present value of a future value by discounting. To simulate the
investment behaviour in the private sector, the discount rate is set equal to the required rate of return in
that sector. To calculate the social value of benefits and costs, an appropriate social discount rate should
be used.

Diagnosis and design

An approach to, and set of methods for, the diagnosis of problems of land-use systems and the design of
improved land-use systems which will help to solve these problems. Originally developed for the design
of agroforestry systems, but can be applied to other kinds of land use. Also referred to as D&D.

District-level land-use planning

A level of land-use planning between the national and local levels, typically but not necessarily that of
the administrative district. Intermediate map scales are used. Land-use development projects are often at
the district level. (See local-level land-use planning and national-level land-use planning.)

Ecosystem

A functioning, interacting system composed of living organisms and their environment. The concept is
applicable at any scale, from the planet as an ecosystem to a microscopic colony of organisms and its
immediate surroundings.



Economic analysis

Analysis that views the money value of a land-use system for the community as a whole.

Emergency planning

Land-use planning in response to a perceived problem for which action is urgently needed.

Environmental impact analysis

A procedure to predict the effects of changes in land use on the environment, particularly effects on
water, soils, vegetation and human health and well-being.

Erosion hazard

The risk of soil erosion occurring under specified conditions, or in a specified area. Erosion hazard may
be expressed in qualitative terms (severe, moderate, slight, etc.) or quantitative terms (as predicted soil
loss in tonnes per hectare per year).

False colour imagery

Special film which records infrared radiation (which is not visible) as if it were red light; to make room
for the infrared, the visible colours are moved across the spectrum so that red light is recorded as green
and green as blue. False colour film can be used in air photographs or satellite imagery. False colour is
valuable in distinguishing different kinds of vegetation and crops, as living vegetation contains
chlorophyll which reflects infrared radiation strongly.

Farming system

A class consisting of all farms with similar land use, environment and economy; comprising the farm
household, its land and the systems of cropping or livestock production for consumption or sale. A
farming system is a decision-making unit and a land-use system based on agriculture.

Farming systems analysis

Investigation of farm-level constraints, translation of this knowledge into improved technology and
testing of this technology.

Financial analysis

Analysis which looks at the money value of a system to the farmer, other land-user or private investor.

Geographic information system (GIS)

A computer system for storage, analysis and retrieval of information, in which all data are spatially
referenced by their geographic coordinates (north, east). In addition to primary data, such as climatic and
soil characteristics, a GIS can be used to calculate derived values, such as erosion hazard, forest yield
class, or land suitability for specified land-use types. Data are usually derived from maps and derived
values can be printed out as maps.

Goal

One of the major objectives of a land-use plan, defined in generalized terms, often those of policy.



Gross margin analysis

The calculation of the annual income of a single enterprise by taking the value of sales and subtracting
the variable costs of production to obtain a margin of profit or loss.

Growing period

A continuous period of the year during which temperature and soil water availability are sufficiently high
to permit plant growth. In most of the tropics, the growing period is determined by water availability
within rooting depth- in the soil. In the temperate zone, low temperature is often limiting. In areas with
bimodal rainfall distribution there may be two growing periods each year. The term applies primarily to
annual crops, since deep-rooted trees can continue to grow when the top 2 m or more of soil is dry.

Incremental planning

Land-use planning based on small improvements to land-use systems, made one at a time.

Information management

Gathering, storing and analysing information needed for a specific purpose, such as land-use planning.

Infrastructure

Permanent installations constructed to assist economic activity, such as roads, irrigation or drainage
works, buildings and communication systems.

Integrated survey

See land systems survey.

Internal rate of return

A financial or economic indicator of the net benefits expected from a project or enterprise, expressed as a
percentage. In financial analysis, the internal rate of return can be compared with the rate of interest
prevalent in the market.

Land

An area of the earth's surface, including all elements of the physical and biological environment that
influence land use. Thus land refers not only to soil but also landforms, climate, hydrology, vegetation
and fauna, together with land improvements such as terraces and drainage works.

Land capability classification

A classification of land in terms of its potential for use in specified ways and with specified management
practices, generally as a sequence of capability classes 1, 2, 3... (or I, II, III...). Class 1 is treated as the
"best" land, being suited to most types of use, while successively higher-numbered classes have more
limitations and less flexibility of use. The United States Department of Agriculture's land capability
classification is the best known, but adaptations to other countries have been made. The approach is
different from that of land suitability evaluation, although the two can be reconciled.

Land characteristic



An attribute of land that can be measured or estimated, for example slope angle, soil depth or mean
annual rainfall.

Land evaluation

The assessment of the suitability of land for specified uses. Assessment is made in terms of production,
sustainability, the inputs needed to obtain that production, and (in the case of quantitative land
suitability classification), economic return.

Land facet

A subdivision of a land system, consisting of an area of land which is fairly uniform with respect to
properties that affect land use, e.g. has a narrow range of slope angle or soil type.

Land information system

A collection of information relevant to suitability for land use, particularly land characteristics. Land
information systems are generally, but not necessarily, stored in geographic information systems.

Land quality

A complex attribute of land which affects its suitability for specific uses in a distinct way. For example,
the land quality "availability of water" directly affects crop yields and, therefore, land suitability for
different crops. Most land qualities can only be assessed by modelling the interaction of a number of
land characteristics. For example, availability of water is modelled from data on rainfall, available
water capacity of the soil, potential evapotranspiration.

Land tenure

The ownership or leasing system of land, or of the rights to use it.

Landsat

A United States series of earth resource satellites first launched in 1972. Systematic, repeated digital data
on the reflectance of, or radiation from, the earth's surface are acquired, and these can be interpreted in
terms of land characteristics. Data are collected separately for different visible and invisible
wavebands, which can be combined for interpretation. Under favourable conditions, the ground
resolution can reach 30 m. Compare Spot.

Land suitability

The fitness of land for a specified kind of use.

Land suitability class

One of a set of classes for evaluating land suitability. The FAO system consists of three levels of
classification: suitable or not suitable (S or N); degrees of suitability, e.g. highly, moderately or
marginally suitable (S1, S2 or S3); and a letter indicating the major land limitation that has led to the
class allocation (e.g. S2w = water limitation, S2e = erosion hazard limitation. (See Table 5, p. 40.)

Land system



An area of land with a recurring pattern of landforms, soils and vegetation and having a relatively
uniform climate. Alternatively defined as an area of land with a recurring pattern of land facets.

Land systems survey

A survey of land resources based on mapping of land systems; usually land facets are also either
identified or mapped. Otherwise called integrated survey.

Land unit

An area of land which possesses specific land characteristics and land qualities and which can be
mapped.

Land use

The management of land to meet human needs. This includes rural land use and also urban and
industrial use.

Land-use plan

A coherent set of decisions about the use of land and ways to achieve the desired use. A land-use plan
includes: a definition of goals; an ordering of land and human and material resources; an explicit
statement of the methods, organization, responsibilities and schedule to be used; and agreed targets.

Land-use planning

The systematic assessment of land and water potential, alternative patterns of land use and other
physical, social and economic conditions, for the purpose of selecting and adopting land-use options
which are most beneficial to land users without degrading the resources or the environment, together
with the selection of measures most likely to encourage such land uses. Land-use planning may be at
international, national, district (project, catchment), or local (village) levels. (See district-, local- and
national-level land-use planning.) It includes participation by land users, planners and
decision-makers and covers educational, legal, fiscal and financial measures.

Land-use requirement

Land conditions necessary or desirable for the successful and sustained practice of a given land-use
type. Includes crop requirements or plant growth requirements, management requirements and
conservation requirements.

Land users

All people who obtain their livelihood directly, either wholly or partly, from the land, e.g. farmers,
foresters, pastoralists, staff of national parks.

Land-use system

A specific land-use type applied to a particular area of land.

Land-use type

A kind of land use described in enough detail to assess its land-use requirements and to plan the



necessary inputs. The amount of detail varies with the level, scale and purposes of the survey, from
generalized land-use types, such as "dairy farming" or "irrigated agriculture" in reconnaissance surveys,
to detailed descriptions of plants, management, inputs, etc. in more intensive surveys.

Levels of land-use planning

The scale and intensity of a land-use plan, which may be at the national, district or local level.

Limiting value

The value of a land quality, or land characteristics, identified as marking the boundary between land
suitability classes.

Limitation

A land quality, or land characteristic, which adversely affects the potential of land for a specified kind
of use, e.g. salinity, storm damage hazard.

Local-level land-use planning

Planning based on a village or other local community. Large map scales are used, such as 1:10000. Also
referred to as village level land-use planning.

Logistic planning

Planning for the arrangement of inputs (capital and recurrent) and supplies, personnel and scheduling, for
land use or for the implementation of a land-use plan.

Map scale

The ratio between distances on the ground and distances on a map. Small scales refer to maps which
cover a large area such as a country on one map sheet, e.g. a scale of 1:1000000. Large scales refer to
maps which cover a small area on one map sheet, e.g. a scale of 1:10000.

Matching

This term is used in two ways. In its narrower sense, the process of comparing land-use requirements
with land qualities or land characteristics, to arrive at a land suitability classification. In its broader
sense, the process of adaptation of land-use types, and consideration of land improvements, so as to
arrive at land-use types which are better suited to the land.

Modelling

The construction of physical, conceptual or mathematical simulations of the real world. Models help to
show relationships between processes (physical, economic or social) and may be used to predict the
effects of changes in land use.

Monitoring

The collection of information for the purpose of assessment of the progress and success of a land-use
plan. Monitoring is used for the purpose of revising the original plan or to gather experience for future
plans.



National-level land-use planning

Applied to planning at national government level which deals with the country's land, water or other
resources as a whole. Small map scales are used. In large countries, planning of the major administrative
divisions has some of the characteristics of national-level planning.

Natural resources

The resources of the land relevant to its potential for land use, e.g. climate, water, soils, pastures, forests.

Net present value

The present value of the benefits of an enterprise minus the present value of its costs.

Objective

A specific aim, expressing something to be achieved as part of the goals of a land-use plan.

On-farm research

Experimental work conducted on farms. There is a spectrum of research types, ranging from
researcher-managed to farmer-managed.

On-station research

Experimental work conducted on experimental stations.

Partial farm budget

A budget of only part of a farm enterprise, assuming that only certain elements will change while the
remainder will be constant; for example, the budget of a dairy enterprise on a mixed arable-dairy farm. It
compares the marginal cost of an activity within the enterprise with the marginal increase in benefit that
the activity will bring. Distinguished from whole farm budget.

Planner, planners, planning team

The person or group responsible for the preparation of a land-use plan, working in close cooperation with
the land users and the decision-makers.

Planning

The exercise of foresight, systematically examining alternative proposals for action to attain specified
goals and objectives. Includes the description of the desired future state of affairs and of the actions
needed to bring about this state.

Plant growth requirements

The conditions of land necessary for the successful growth of a plant. The same as crop requirements,
except that plant growth requirement applies to any plant, not necessarily an agricultural crop.

Present value

The value of an enterprise at the present time, after applying the process of discounting to its costs or



benefits.

Program

The standard spelling of a computer program.

Programme

A set of interactive, synchronized activities or projects aimed at achieving defined objectives by means
of ongoing activities.

Project

A set of activities with defined objectives to be completed in a certain time span.

Qualitative land suitability classification

Land suitability classification in which the results are expressed in qualitative terms only, without
specific estimates of inputs, outputs or costs and returns. The description "qualitative" refers to the results
of the suitability classification, not the conduct of the land evaluation.

Quantitative land suitability classification

Land suitability classification in which the results are expressed in numerical terms which permit
comparison between suitabilities for different kinds of use. Usually these are economic terms, but
quantitative physical comparisons are possible between uses with the same objective, e.g. between
different pasture systems in terms of livestock carrying capacity or different forestry systems in terms of
wood production.

Rapid rural appraisal

An exploratory survey procedure carried out by a multidisciplinary team to gain a quick overview of a
local land-use situation. It involves review of existing data, remote sensing, field observation and
interviews with land users, local government officials and others; it may cover both physical and
socio-economic aspects.

Remote sensing

In land-use planning, remote sensing refers to the gathering of information through the use of air
photographs and satellite imagery. Remote sensing should be conducted in conjunction with field
surveying on the ground.

Research

A set of activities directed towards the advancement of knowledge. Applied in land-use planning to
improvements in the performance or management of land-use types (e.g. by better crop varieties, better
scheduling of irrigation water), or to the prevention of problems encountered (e.g. pests and diseases).
Experimental research may be on-station or on-farm research.

Risk analysis

An analytical technique in which the probabilities of occurrence of an adverse event (e.g. drought,



hurricane, drop in the market price of a product) are estimated for each critical element of a project.
Repeated calculations (normally by computer) are then made of a measure of the value of the project,
with each element entering into successive computations according to the probability of its occurrence.

Rural land use

Land use other than urban and industrial use. Including agriculture (rain-fed and irrigated), livestock
production, forestry, agroforestry, aquaculture, wildlife conservation, recreation and tourism.

Satellite imagery

Remote sensing imagery gathered by earth-orbiting satellites, including Landsat and Spot. Images are in
specific wavebands (visible, infrared, etc.), which may be combined for purposes of interpretation.
Images look like photographs but are not obtained by photographic methods, hence the term "images" or
"imagery". Data from satellite imagery can be interpreted visually or analysed by computers in digitized
form; they can also be entered directly into geographic information systems.

Sectoral agencies

Government departments or other agencies with a limited, specific field of responsibility, e.g. ministries
or departments of agriculture, forestry, veterinary services, or a water or irrigation authority.

Sensitivity analysis

An analytical technique to deal with uncertainty about future events and values. It consists of varying one
element (e.g. rainfall, market price), or a combination of elements, and determining the effect of those
changes on the outcome of a project. In economic analysis, the effect of the changes on a measure of
project value is calculated.

Shadow price

In economic analysis, this is any distortion of a free market price which is made in order to reflect the
real scarcity value of goods or services, including labour. An example of a shadow price is the
elimination of the effect of taxes or subsidies.

Social analysis

The analysis of a plan in terms of its impact of different sections of the community. Social analysis gives
particular attention to the interests of minority groups, women and the poor.

Social discount rate

The discount rate used to estimate the social value (or value to the community as a whole) of an
enterprise. It is sometimes held that, to reflect social values, the social discount rate should be lower than
the discount rate used in the private sector.

Soil conservation

Activities aimed at minimizing the loss of soil by erosion. Soil conservation can be achieved by earth
structures, such as banks and ditches, or by biological means, particularly maintaining a soil cover of
living plants or plant litter. Soil conservation is also used in a wider sense to refer to all activities aimed
at conserving the fertility of the soil.



Soil erosion

Removal of soil by wind, water or landsliding at a substantially faster rate than that at which soil-forming
processes can replace it. Soil erosion is a result of human activities such as clearance of vegetation and
cultivation of sloping land without adequate soil conservation measures.

Soil landscape

A soil mapping unit defined by its landform pattern and associated soils.

Soil mapping unit

Any unit describing the spatial distribution of soils, which can be mapped. Soil mapping units may be
simple, consisting of one type of soil, or complex, consisting of two or more types of soil.

Soil profile

A vertical section through the soil, as seen in a soil pit. Usually, this reveals several more or less distinct
soil horizons which differ in colour, texture and other properties.

Spot

(Satellite probatoire d'observation de la terre.) A French series of earth resource satellites, first launched
in 1986. Under favourable conditions, the ground resolution can reach 10 m. Compare Landsat.

Standard

In land-use planning, standards refer to planning guidelines or limits, including conservation standards,
standards for land-use management, standards for construction of capital works or standards for
economic measures, e.g. loan interest rates.

Steeplands

Areas in which the slopes are predominantly steep or moderately steep and which therefore have
distinctive land-use problems, e.g. high erosion hazard, landsliding and difficulty of road construction.

Strategy

The logical framework for coordinating decisions that link development goals with the actions intended
to achieve those goals.

Sustainability

See sustainable land use.

Sustainable land use

The central concept underlying use of this term is production combined with conservation. Alternative
definitions are:

• land use which maintains production at or above its present level while, at the same time,
conserving the natural resources (water, soil, pastures, forests, etc.) on which that production
depends;



• land use which does not progressively degrade its productive capacity;

• land use which meets the needs of the present while at the same time conserving resources
for future generations (WCED, 1987).

The achievement of sustainable land use is not confined to technical measures, but includes the economic
and social conditions necessary for the success of these. The term sustainability is used in more or less
the same sense.

System

A functional arrangement of components that process inputs into outputs, for example a farm. Systems
display properties which result from the interaction of their components.

Systems analysis

The analysis and modelling of interrelated processes and operations with a view to designing a more
efficient use of resources.

Tree tenure

The ownership, or rights to the use, of trees. Tree tenure is sometimes different from land tenure.

Variable costs

In financial analysis, the costs of production that can be attributed specifically to the activity being
analysed. For example, in wheat production, the costs of seed, fertilizer, cultivation and harvesting are
specific to the wheat crop and, therefore, form its variable costs.

Village-level land-use planning

An alternative term for local-level land-use planning.

Wetlands

Areas that are frequently flooded or waterlogged and so possess a distinct ecosystem adapted to a high
water-table, e.g. a saltmarsh, a mangrove swamp or freshwater fen.

Whole farm budget

A budget of an entire farm enterprise. Distinguished from partial farm budget.
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Comments on these guidelines, together with accounts of experience with their use, will be welcome as
an aid to producing an improved edition in the future. They should be sent to:

R. Brinkman
Secretary, Inter-Departmental

Working Group on Land Use Planning
AGLS
FAO

Viale delle Terme di Caracalla
00100 Rome

Italy
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