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PREFACE

It is with great pleasure that we present these two volumes of
introductions and contributions to the international Workshop
"Design for Sustainable Farmer-managed Irrigation Schemes in
Sub-Saharan Africa".

The Workshop is organized by the Department of Irrigation and
Soil and Water Conservation of the Agricultural University of
Wageningen, and is the result of a long period of involvement and
research in irrigation development in Africa, which actually
started ten years ago with a first project in Mali. Since that
time, staff and students of the department have been involved in
research and proiect implementation in several African countries.
Starting with water regquirements and other technical subjects, we
were, through the years, increasingly confronted with the fact
that the actual operation and performance of many schemes widely
differed from what we as engineers had assumed and planned.

The result was that the department’s activities increasingly
focused on the operation and management of irrigation schemes in
stead of the design and the construction of the systems. The
cooperation with other disciplines grew more and more important.
Considerable attention was paid to particularly the socio-
economic context within which the irrigation schemes in Africa
function. Because of this our field of work widened in scope but
seemed to become less and less technical.

With the material presented for the Workshop, we are making an
important move back to our roots: the technical design of irriga-
tion schemes. We present a framework in which socio-ecconomic
factors can be related to the technical characteristics of
irrigation systems. This framework also enables a discussion of
the way in which technical choices influence scheme performance
and the resultant social, economic, and cultural changes.

The conceptual framework is enriched and illustrated with a wide
range of contributions, particularly from people who worked at

development projects themselves. On the basis of this confronta-
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tion of scientific insights and field experiences, we hope to
come to concrete solutions at the workshop, not only as regards

the design of irrigation systems, but also regarding specific
elements of irrigation policies.

In these volumes you will find contributory papers of about
forty people from a wide range of organizations. It would take
us too far to mention all of these by name, but it needs
mentioning that without the enthusiastic response of these
authors, and particularly those actually involved in scheme
implementation, it would not have been possible to produce a

work covering so many facets.

A great many people have cocperated in compiling these volumes
and organizing the Workshop in general. Their names and responsi-
bilities have been listed at the back-cover. Through their great
personal efforts and especially their enthusiastic team work we
could achieve this result. We are also most grateful to those
involved in the translation of a great deal of the papers and
introductions. Some of them worked in the dead of night to get
the volumes ready for printing in time.

For the financial support we are greatly indebted to the Dutch
Ministry for International Cooperation; the Commission of the
European Communities and the Centre Technique de Codpération
Agricole et Rurale (CTA).

I hope that the Workshop will lead to a better understanding of
the complexity of factors that influence the performance of
irrigation schemes in Africa, and above all, that it will offer
concrete tools for engineers and others to weigh up the pros and
cons of their choices when designing irrigation schemes, with a
view to more sustainable and locally manageable irrigation

development.

Oon behalf of the Preparatory Team,
Prof.Ir. Lucas Horst

Wageningen, November 26, 1989



CONTENTS

PREFACE
CONTENTS
INTRODUCTION

GENERAL FRAMEWORK

THE DESIGN OF AN

NTRODUCTION TO THEME 1: IRRIGATION DESIGN

Geert Diemer and
Jaap Jan Speelman

Kees de Jong and
Kees Ton

Mieke Rehbach and

Hanneke Spaans

Jennie Dey

Margo Kooyman

Ineke van Hooff

iii

- VOLUME I -

IRRIGATION SCHEME

LOCAL ING
SYSTEMS

Designing from a farmers perspective:
reflecting on irrigation development
in the Senegal River Valley.

Irrigated agriculture and social change
in North Mali: a method for integrating
social variables in irrigation design.

An irrigation scheme for the women at

Yafera, Senegal.

Gender issues in irrigation project
design in sub-Saharan Africa.

The impact of farming systems on
irrigated rice development projects:
the Jahaly Pacharr smallholder
irrigation project, the Gambia,

Irrigation planning for women, the
planning process of Jahaly Pacharr
in the Gambia.

-1A-

~]1B=-

-1C-

-1D-

-1E-—

~1F—



Stephem G. Mbogoh

iv
Socio=-economic considerations in

smallholder irrigation development and

experiences in Kenya.

INTRODUCTION TO THEME 2: THE T GATION S D THE

Lucas Horst

J.K. Kimani

Sjoerd Bakker

J.P.M Kauki and

G. wvan Vuren

Jacques Slabbers

Willem F. van Driel

LOCAL COMMUNITY

Incompatability between exogeneous

design culture and farmers perceptions.

Technical and organisational designs
for smallholder irrigation schemes.
- The Kenyan Experience -

Adapt the pastoralists to the scheme
or the scheme to the pastoralists: an

example from Kenya.

Design for sustainable farmer-managed
irrigation schemes in Sub-saharan
Africa: the Majengo experience.

Comparison of western and indigenous
principles of irrigation water
distribution.

The relation between the technical
concept and the management of irrigation
schemes: examples of the small-scale
village irrigatischemes and the
medium-scale schemes on the left bank

of the middle-valley of the Senegal
River.

-1G=-

_zﬂ_

-2B=-

-2

-2D=-

-2E~

_.2F_



Lucia Helsloot

Barbara van Koppen

Office du Niger

Eugene R. Dahmen

Mary Tiffen

GLOSSARY

v

A contribution towards design of

women-managed irrigation {in french).

Women and the design of irrigation:
schemes experiences from two cases
in Burkina Faso.

Farmers "responsabilisation" in the
Office du Niger: the role of water-
users in the construction and the

management of the irrigation system

(in french).

Design criteria for hydraulic network
in irrigation systems.

Management by farmers: design
requirements in schemes depending
on a variable water supply.

-2G—

—2H=-

-21=

-2d=-

_ZK_



CONTENTS

Philip Woodhouse

Addi van Bergen,
Aad van Tilburg
and Rinske Warner

Frans Huibers

Louis Sow and
Kees Keizer

J.M. Makadho

Raphael Burra

vi

- VOLUME TITI -

INTRODUCTION TO THEME 3: T PHYSTCAL SYSTEM AND REGIONAL AND

NATTONAL ENVIRONMENT

The ’‘disengagement’ of the state from

irrigation in the Senegal River valley

and its implications for irrigation
design.

Opportunities and limitations for

agricultural production from irrigated
areas in the Senegal River valley from

a marketing perspective (in french).

Medium scale irrigation development
in the Senegal River valley, the
perspective of commercial production
(in french).

Irrigation and farmer management, the
case of the Vallee du Kou irrigation
scheme in Burkina Faso (in french).

The design of farmer managed
irrigation systems: experiences
from Zimbabwe.

Strategies for recenciling technical
and organisational choices in the

improvement of traditional smallholder

_3A_

-3R=

-3C=-

= 30=-

-3E-

-3F=-



vii
irrigation schemes, some experiences

from the ‘Traditional irrigation

improvement programma’ in Tanzania.

R.C. Carter, Training as an external support to
M.A. Burton, I Smout irrigation development in sub-Saharan
and W.M. Adams Afrieca.

INTRODUCTION TO THEME 4: DESIGNING AS AN INTE TIVE PRQCES

Ton Meyers The interactions between users and
designer in the design process of
village irrigation systems at Ile a
Morphil, in North Senegal.

Jerome L. Thiombiano Irrigation design as an interactive
process between different actors,
experiences from the ’Sensibilisation
et Formation’ Project in Burkina Faso
(in french).

S.A.M.T. Povel Participatory development of a women’s
irrigation scheme. Case: The Nyandusi
horticultural scheme, Nyanza Province,

Kenya.
A.M. Githae The design process.
Doris C. Ombara An attempt to incorporate farmers

at the designh stage of their irrigation
schemes as tried in three projects of
the provincial irrigation unit Nyanza

Province (Kenya).

-3G-

—4A-

~-4B-

-40-

—4D-

—AE-



Ibrahima Dia

C.A. Drijver and

G.M. van den Top

Koos van Staveren

ANNEXES

viii
Socio-cultural dimensions of irrigation

design (in french).

Whose Design? Sustainability and

irrigation in sub-Saharan Africa.

Farmer managed irrigation schemes in
sub-Saharan Africa: possibilities and

limitations for consultants.

Discussing design for sustainable farmer managed irrigation

schemes in sub-Saharan Africa: a compilation of results from

recent international meetings.

Irrigation Develcpment Profiles of: Burkina Faso, Senegal,

Tanzania, Kenya and Zimbabwe.

GLOSSARY

-4F=-

-4G-

_4H_



ix

INTRODUCTION

These working documents comprise about forty introductions and
contributory papers to the Workshop "Design for Sustainable

Farmer-Managed Irrigation Schemes in Sub-Saharan Africa".

The purpose of the Workshop is to contribute to more sustainable
and locally managed forms of irrigation. To this end the
technical characteristics of irrigation systems will be primarily
focused on. The technical design will be examined in the context
of the actual operation and performance of the schemes. From this
it will follow that there is often a discrepancy between the
presuppositions made by irrigation engineers and planners about
the future functioning of irrigation schemes, and the actual
performance within the African rural conditions.

At this workshop we have chosen for an analysis of the irrigation
scheme on the basis of its relation to :

- the farming system of the farm household,

- the social structure of the local community, and

- the regional and national context.
Furthermore, we shall analyze the relation between design and
scheme performance as being the result of

- an interactive process between various actors.

At the Workshop the technical design of irrigation systems will
be approached from each of these four perspectives, which
correspond with the arrangements of contributions according to
the four themes in the volumes. In the first volume the irriga-
tion system in relation to the farming system, and the irrigation
system in relation to the local community are discussed. In the
second volume the irrigation system in the regional and natiocnal
context, and the design as an interactive process are dealt with.

For each of these themes people from field projects, research
institutes, and irrigation development planning authorities, have

contributed papers based on concrete field experiences. The
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result is this compilation of a great number of papers covering
a wealth of material. With these practical experiences insight is
given into a wide rande of irrigation developments taking place
in Africa at present. Also, a number of common problems in these
developments emerge.

Although many papers encompass elements from several themes,

they have, for easy reference, been placed under cne theme only.
But a copy of the title page of such an article has been added to
the other relevant themes.

The preparatory team has added six introductions to the above
articles: two general chapters at the beginning of the first
volume and one introduction to each theme. These are meant as a
basis for the discussions at the Workshop. The first introduction
deals with a General Framework, in which the concepts of
sustainability and farmer management are gone into in more
detail, and the various themes and their interrelations are
briefly introduced. The second chapter deals with the design of
an irrigation scheme more systematically, and relates it to the
four themes. In the introductions to the four themes the general
framework is worked out more concretely and specifically with
respect to each theme.

All introductions are elaborated and discussed by a "preparatory
team" (of the Department of Irrigation and Scil and Water
Conservation of the Wageningen University). They can therefore be
considered as a collective product. The final responsibility for
the introductions is as follows:

- General framework: Jan Ubels
- Designing an irrigation

system: Jan Ubels
- Theme 1: Jaap-Jan Speelman
- Theme 2: Jan Ubels
- Theme 3: Wim Kloezen
- Theme 4: Ton Meijers, with contribu-

tions of Michael de Bont
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To put the workshop as a whole and the different contributions
into a wider perspective a number of annexes have been added. One
of those annexes, compiled by Jaap~Jan Speelman, comprises an
overview of conclusions and recommendations of previous

workshops, seminars and congresses which have dealt with similar
or related subjects. The other annexes give an overview of the
irrigation development of those countries which have provided the:
workshop with more than one case study.

The attentive reader will notice that as regards the Basic
Document for the Workshop (April 1989%9), important alterations
have occurred at some points. These are the result of the further-
ripening of ideas, fed particularly by the first drafts of papers
sent to us in September. We therefore emphasise that the general
framework and other introductions presented are not meant to be a
final product. They form a basis for discussions, and hopefully
will be developed further during the Workshop. In the introduc-
tions ideas and suggestions of workshop participants have already

been worked out by members of our team.

Because of the focus on farmer management relatively many cases
of ’small-scale’ irrigation have been described. Only very few
larger schemes were paid attention to. Yet we do not intend to
restrict the discussions at the Workshop to small schemes.
However, it appears that detailed field experience on farmer
management is more often available for these smaller schemes. In
our opinion, this material may also considerably contribute to
insights into the possibility or impossibility of farmer

management in larger schemes.
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1. Introduction

The implementation of irrigation schemes in Sub-Saharan Africal
is an important measure taken by many African governments in
their attempts to raise to raise agricultural production and to
achieve a higher standard of living in the rural areas. The
technology introduced often involves high investments. In
nearly all cases knowledge, staff, and equipment are obtained
from the industrialized countries for the implementation. At
national level irrigation projects may also take up
considerable manpower, and financial and material means. With
all these efforts high levels of production can ,potentially,
be realized.

In many cases, however, the actual results appear to fall short
of the expectations of engineers, planners, and politicians.
The productions do not attain the levels planned, and the
systems constructed have a limited life. Consequently,
governments and donors are continually trying to give
assistance to schemes and to rehabilitate irrigation systems to
make them somewhat function according to their cbjectives.
Besides, negative effects have been observed, including the
impoverishment of certain categories of farmers, degradation of
natural environment and detericration of the position of the
women.

The causes of the above problems in the irrigation development
in Africa are often sought in social- economic factors, such as
low prices and expensive inputs, the lack of management skills,
the need for extension and farmers’ assistance. 0f course, all

1 At the Workshop an ‘irrigation system’ refers to a
system in which the water distribution to plants or soil in a
certain area is more or less controlled in order to increase
production. The water flow in such a system can be divided
into: water capture, water conveyance and division of water,
water application, and drainage.
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these factors are of great importance. However, the technical
characteristics of the irrigation systems introduced are then
frequently treated as a given fact, or they are only looked at
in very general terms. It is precisely these technical aspects
of the design of schemes that the Workshop "Design for
sustainable Farmer-Managed Irrigation Systems in Sub-Saharan
Africa" will focus on. There it will be clarified/ it will be
made clear that many technical components make demands on the
operation and management of schemes, and that for that reason
technology also has an impact on social-economic developments
at various levels?. In this General Framework the relations
between technical and social-economic elements will be
identified and fitted in a framework that will be worked out
further in the introductions to the various themes. This
framework will be interpreted and adjusted later during the
Workshop, on the basis of field experiences and practical
information about a large number of projects in seven African
countries. We will thus work at a practical methodology to
adapt technical designs to specific social, economic, and
cultural conditions in Africa. We hope that this will also lead
to recommendations of policy, not only at the level of specific
projects, but also regarding different forms of irrigation
development in a more general sense.

2. Sustainability

In view of the limited life of many irrigation schemes more
and more emphasis has, in recent years, been put on the
gsustainability of irrigation development. The relevant
gquestion is now what measures can be taken for the irrigation
schemes introduced to become ’sustained’ in the local context.

Sustainability is often perceived in the ecological sense of
lasting use of natural resocurces whereby these resources are

2 We refer to the Basic Document of the Workshop (April,
1989) for a list of assumptions that are often incorrectly made
as regards the use of irrigation systems in Africa.
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not exhausted and the cycles of nature continue. In relation to
irrigated agriculture, sustainability can be defined as the
extent to which people are able to organize ongoing forms of
use and management of the system. It is this ’social
sustainability’ that is the focal point of discussion in this
Workshop.

To understand how people make use of an irrigation system and
may feel responsible for its continuity, it is first of all
important for us te realize that to most of those concerned
the irrigation scheme is not an end in itself. To farmers,
traders, civil servants, and project staff an irrigation
scheme is part of a much wider range of economic activities
and social relaticnships. It is within this context that
irrigation may play a role for people. An irrigation system
will therefore only be sustained by people if they, within the
whole context of their own activities and relationships,
choose to make actual use of it and/or choose to contribute to
its operation and continuation.

In "smallholder irrigation" the farmers play a crucial role in
the daily operation of the scheme. From the viewpoint of
sustainability, it is not surprising that much attention has
been paid to the position of these farmers in recent years by
means of extension services, or participative project
strategies.

3. Farmer-management

Many cases irrigation schemes are managed by government
agencies or private companies. The rural population is then
usually involved as workers or tenants, while officials
determine the agricultural practices to a large extent, and
they are the ones organizing the irrigation, including the
division of water and maintenance.

The last few years the importance of "farmer-management" is
increasingly focussed upon, that is, the involvement of water
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users in the running of the irrigation scheme or even the
transfer of management of the scheme as a whole to farmers.
The promotion of farmer-management takes place for various

reascns:

* It appears that government agencies are often unable to
guarantee proper management; farmers’ involvement is an
absolute necessity, particularly as regards maintenance and
division of water.

* The government wants the water users themselves to bear a
larger portion of the costs invelved in the operation and
maintenance of the schemes.

* An increasing number of governments are, partly because of
the policy of the World Bank and IMF, forced to reduce their
personnel and to further withdraw from various economic
sectors.

* For a real development of the rural areas it is necessary for
the local population to get an opportunity to generate their
own potential with respect to organization, new technologies,
etc. In order to make or to keep rural Africa an attractive
place to live, people ought to have a considerable degree of
autonomy and say about their own living conditions and

production systems.

Although many statements of good intention as to farmer-
management have been pronounced, to apply farmer-management in
practice has, however, proved toc be a complex matter with

often poor results. The nature of some of the motivations for
farmer-management mentioned above, makes it understandable that
in many cases farmer-managenent was not really the primary aim.
Attempts have sometimes been made to saddle the farmers up with
certain unattractive aspects of the irrigation scheme
operation, in particular, maintenance and costs, without
handing over the actual organization and supervision.

Where efforts were really made to bring about a farmer-
managed system. It frequently happened that the technical
choices made, did not fit in with the farmers’ knowledge,
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methods and skills. Or organizational models were chosen
without sufficient regard to the existing organizational
structures. Moreover, in many cases not enough attention was
paid to the length of time and the learning process needed for
such innovations to establish themselves.

This is the reason why at the Workshop, on the basis of a wide
range of field experiences, the relation between specific
technical choices and their possibilities for farmer-
management will be systematically examined.

4. Relevant sogial units

Here the problem arises that the social sciences describe the
position and activities of farmers and of many other pecple
involved in irrigation from a wide range of perspectives and at
widely divergent levels. A large variety of social units and
classifications are used in the descriptions. For this reason
technicians often find it hard to deal with social-economic
data, let alcone to relate these to the technical choices in an
irrigation design.

With a view to assessing the sustainability of irrigation
schemes it is necessary to come to a distinction of social
units or levels that can be related to the scheme. On the basis
of the structure of an irrigation system, we can distinguish
three levels of social organization, each of which is related
to this scheme in its own manner:

- the farming system (household)
- the local community
- the regional or national context

The use of a plot within the irrigation system is usually the
concern of one household. Next to their plot the members of the
household generally have other agricultural and non-
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agricultural activities3. They weigh up the various options
within the whole of activities, with respect to labour, money,

and equipment for example, and they do so on the basis of the
various goals they strive for.

A farm household usually consists of a nucleus family or a
more extended family, within which the productive and non-
productive activities are organized more or less together. The
structure and way in which such a unit is run, can be
described in terms of relationships, including those between
man and woman, parents and children, brothers and sisters. The
division of tasks, power, income, decision-making, knowledge,
and the communication between the various members of the
household influences the utilization of the irrigated plot.

The gperation and management of an irrigation system generally
concerns several farmers. Various kinds of cooperation and
interaction are needed for matters like the water distribution
and maintenance to be organized. Therefore the local commypity
is also an important social unit for the irrigation scheme to
function well. The local community in Africa can generally be
defined in terms of the village, the village sections, or ,
sometimes,the relations between villages. Existing structures
of organization and decision-making, different power
structures, and the sub-division in different groups, such as
ethnic, caste and age groups, often greatly determine the
actual organizational process of an irrigation scheme.

The use of an irrigation system is not only organized within
farm families and one or more local communities. There are also
quite a number of matters that possibly need external

3 At the Workshop the term "Farming System™ will also be
used to denote the totality of farm-family activities. So
"Farming System" here refers not only to the wvariocus types of
agriculture, but alsc to other activities, and it is seen at
the level of a household.
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contacts4, including the purchase of inputs, the marketing of
products, extension services, and sometimes assistance in the
management of the system. In this context farmers have
relationships with traders, processing plants, government
services, or banks. These relationships comprise people at a
regional and national and sometimes even international level.
There is a problem here that the social unit at this level
cannot easily be unambiguously defined even though we speak of
‘region’ or ’nation’ for convenience’s sake. Nevertheless, the
relevant relationships between farmers and ‘external actors’
can certainly be identified and analyzed. The scheme’s supply
of input and output, and with this the ‘external operation’
greatly depends on what relationships must or can be kept by
the farmers, and upon the specific characteristics of these

relationships.
farm household
_ ~*\_ (farming system)
-r’/
Irrigation scheme|¢- -~ - -3¢ local community
L

-3 (:EE§E§§a1 or national cffEEEE>

figure 1 (5)

4 The term ‘external’ is used here because we deal with
irrigation in terms of farmer-management, which means that
matters are arranged amongst the farmers themselves as far as
possible, so within the household or the local community. From
this point of view the involvement of all other people is
called ’'external’.

5 In spite of the visual diagram used here, it is
incorrect to consider the three distinct levels as separate
social units. Characteristics of the Farming System also
determine the local social structure and vice versa. Certain
relations within the local community have a lot to do with a
difference in access to external resources. The three levels
should therefor be seen analytically as wider and wider social
units encompassing the preceding ones. The households of a
particular village together form the local community, which
itself is again part of a regional and national social
structure.



The diagram above illustrates the irrigation scheme and its
relations with the three social levels.

5. Wom a irrit ion

For the last ten years much attention has been paid to the
theme of women and agricultural development in Africa in
literature about development and increasingly so in government
policies. In comparison with many other parts of the world,
women in Africa have always played an important role in
agriculture. Not only do they provide most of the labour for
agricultural activities traditionally, but in many cases they
also have their own rights to the use of land, an independent
production in their own plots, and more or less free disposal
of their yields.

Forms of modernization in agriculture have had an adverse
effect on the women’s position. Women saw their grip on land
diminish; they were pushed back to food crop production, and
had to do more work for the men’s cash crops, while from a
typically western biased viewpocint it was taken for granted
that extension services and new technology were given to men.

The development of irrigated agriculture is usually no
exception to the trends described above. Yet in recent years,
attempts have also been made within irrigation projects all
over Africa to advance the women’s position. The concrete
experiences with this new approach have seldom been put in
writing and compared or exchanged. One reason for this is that
the difference in position between men and women can be
approached from a wide range of perspectives. Also the women’s
position varies considerably among the different groups and
cultures in Africa.

We can systematically look at the women‘’s position within the
general framework of analysis made here. The women‘s relation
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to the irrigation scheme can then be specified within the
househecld and the farming system, within the social customs and
practices of the local community, and in connection with
external actors. We shall also discuss the way in which women
are approached by projects and are involved in them, when we
look at irrigation development as an interactive process

between the various actors concerned.

Irrigatio

interaction

Dealing with the subjects of sustainability and farmer-
management, we have pointed out that in many cases the
introduction of irrigation implies a considerable change in
the existing situation in rural Africa. New technologies are
introduced, completely new organizational demands are arising,
with the result that new forms of organization are also
introduced. Moreover, new actors often make their entry.
Consultants’ firms undertake pre-feasibility studies:; the land
is surveyed, interviews and enguetes are held. New offices are
built. A large number of government personnel, often from
outside the region, appear. All new-comers try to gain a
position and build up relationships. The local population tries
to do the same. New materials, cars, and often large sums of
money come into circulation.

Innovation

As irrigation development is such a complex and drastic
process, it has a number of important consequences for our aim
at sustainability and farmer-management. First of all it
implies that when we seek to tune technical characteristics of
an irrigation scheme to specific characteristics of the various
social units, we need not try at any price to adapt the scheme
to the local situation. Modern irrigation development is by
definition an innovation in rural Africa. And it needs to be
one, given the dire poverty of the population. Households,
local communities, and external relations are affected by
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irrigation develcpment, and therefore change too. The point
is, however, that this intervention should also lead to
attractive new conditions which themselves are or become
sustainable again.

The aim of sustainability implies that viable and attractive
relations should be sought at each of the social levels.
Consequently, any person who has sustainable irrigation
development strategies in mind, should irrevocably occupy
himself /herself with processes of change at the level of
farming systems, local social structures, and relevant external
parties, such as government agencies and private companies.

Time

If we take irrigation development as a process of change
seriously, the second important consequence will be that this
development needs time. Time to acquire new skills and
knowledge, time to develop new relations, time for people and
organizations to go through a learning process and to change.
Irrigation engineers and irrigation planners often pay
insufficient attention to this. They perceive an irrigation
project mainly in terms of the design and construction of a
physical system. If apart of the technical system also
sustainable forms of farmer management are to be achieved, the
phasing of the implementation process and related processes of
social change should be given a concrete shape in project
strategies.

Interaction

A third important element of irrigation development as a
process of change is the interaction between actors. Not only
has the irrigation scheme itself its impact on the lives of the
people involved, also the new ways in which the various actors
relate to one another, affect the situation. Relationships
change between government and farmers, among the farmers’
communities themselves, and with traders, for instance. And
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partly because of this, their mutual positions also change. If
farmer—-management is to be realized, the farmers’ relationship
with the government or with private companies, for example,
will require attention. Irrigation development is therefore
rightly a social process of change.

If we aim at sustainable forms of irrigation development, the
aspects (innovation, time and interaction) must stand cut well
in the way the project is carried out and in the concrete
phasing of the project cycle. Project strategies often fail in
these points. We will therefore deal with these aspects more
concretely in a separate theme.

7. The division into themes

The Workshop is subdivided into four themes. The first three
themes treat the relation between the technical design of an
irrigation scheme and each of the three social levels we have
distinguished in this framework: the farm household, the local
community, and the regional/national context. The fourth theme
examines the design of an irrigation scheme as part of an

interactive process of change.

The women's issue will not be dealt with separately on account
of its many-sided character, but it runs through all the
themes. Several authors were asked to write specifically about
women and irrigation development. Others chose the subject
spontaneously. During the Workshop the women’s issue will also
be discussed within each of the four themes. Besides, in the
second half of the workshop a separate item on the programme
will be devoted to ccordinating and integrating the conclusions
concerning women drawn from each theme.

In order to link up the technical design with the social-
economic factors at different levels, we will, in the following
introduction on design of irrigation systems, go further into
the concept of ’‘designing’ and into the various elements that
are designed within a system. We will then take a close look at
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the possibility of relating this technical design more
concretely to each of the three levels, and we will give a
further interpretation of the various aspects involved in
designing as a process,
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THE DESTGN OF AN TRRIGATTION SCHEME

1. Introduction

The purpose of the Workshop is to develop concrete methods and
recommendations for more viable designs of farmer—-managed
irrigation schemes in Sub~Saharan Africa. In the "General
Framework"” we have pointed out that to achieve this we need to
analyze the relation between irrigation and the three social
levels mentioned. Before turning to a detailed discussion of
the various themes and the respective case studies, we shall in
this introduction take the technical design of an irrigation
schene as a starting point. We shall start with the various
components such a design consists of. Then we shall examine in
what way the design has to do with these three social levels in
concrete terms, and finally we shall deal with the technical
design as a process of interaction and decision-making.

A few definitions to start with.

By "designing” we mean making an image of something that must
be realized in future. In a technical sense this usually means
making a technical drawing or sketch with specifications of
dimensions, shapes and the like, by means of calculations.

By "irrigation" is meant all measures to convey water to plants
or soil in order to improve crop preduction in a certain area.
So an irrigation design, or a design of an irrigation system,
is an image of the way water is used in a particular area.

The concept of "irrigation system" will be worked cut more

closely in the next section.

2. T main elemen

In the conventional view of an engineer an irrigation system is
a technical system in which water is transported to
agricultural land. Water and land are therefore the two basic
components. Within this physical system we can distinguish six
main elements. These are interrelated, as the figure below
illustrates:
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Figure 1.

For each main element we can indicate with what primary design
question it deals, and which characteristics of the system it
determines.

-A- The water source. The question here is: where shall we draw

the water from, and how are we going to do this? The choice of

the kind of water source and the technical means with which the

water is extracted and conveyed to the system, determine:

- the gquantity of water available, and its distribution over
the time

~ the security of the water supply and the possibility for
storage.

- the possibility of regulating the amount of water entering
the scheme.

-B- The site. The relevant design question is: in what area are

we going to use the water? The selection of a particular site

where the irrigation water is to be used, mainly determines -

and is also determined by-:

- the total area available

- the types of soil (related to choice of crop, irrigation
method, etc.)

- the topography.

These two first design elements are an important basis for the

further design of the scheme. They are in a way the frame of

the design. They are closely linked and must be geared to each

other.



Then we start at the other end of the scheme: there where the
water is going to be used. Here also two main elements of the
design can be distinguished:

-C- The plot. Design-guestion: In what units will the water be
used? In the design of the plots, the usual choices to be made
concern:

- the size

— the shape

~ the internal arrangement of the plotsand the degree of

levelling.

-D- The water application. Here the designer must answer the
question of how the water will be applied to the s0il or the
plant. On the basis of assumptions az to the crop or the crops
to be cultivated, and climatic data, he will make choices with
respect to:

- the quantity of water per surface unit to be applied

- the irrigation method to be applied on the plot

- the frequency and duration of watergifts to the plot.

For these two design elements it also holds that they are
closely connected. Choices in relation to one element directly

affect the other one, and vice versa.

In order to make the water source and the site on the one hand,
and the water application metheod and the plot characteristics
on the other hand, into a coherent scheme, we can distinguish

two connecting design elements:

-E- The water distribution. Here the guestion is: how is the
water going to be divided and conveyed? This actually comprises

a large number of factors/items that are designed by engineers:

~ the pattern of water distribution chosen, such as continucus

or not continuous, application on request or by fixed turns



and on/off or on rotation.

- canals; this includes factors like the size of the cross-
section and the slope of the canal and the embankments, the
flow tec be conveyed, the construction of canals and the
branching pattern.

- The structures, whereby again the flow, but also the
possibilities for regulation and measuring must be
considered.

These three sub-elements are closely linked. They are also

connected with a factor that could be defined as a fourth sub-

element:

- efficiency, which is generally dealt with as a technical
outcome or criterion, but which in many cases is liable to

"subjective" choices.

-F- The_laygut. Here the design question is: how are we going
to arrange plots and canals within the area to be irrigated?
This main element is, actually, also a combination of a great
number of elements an engineer is concerned with. These mainly
include:

- the size of tertiary and other units, related to the number
of plots, applicable flows, intervals/rotation, and the
topography of the site.

- the structure of the network of canals, related to the size
of units, the topography, cost considerations, and the
methods of water division

- the arrangement of the total area to be irrigated, related to
types of soil, other land use, settlement patterns, and the
like.

This third couple of elements are also closely interwoven, and
they are, in fact, brought about in correlation with each

other.

As it has been indicated here and there in the above sections
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too, all these six componentsl influence one another in many
ways, which makes the interrelation rather complicated.
However, by arranging the elements as it has been done in the
figure at the beginning of this paragraph, a number of
fundamental interrelations become clear. On the left side we
find the elements related to the land use, on the right we find
the water elements Both must be geared to a coherent system.
Furthermore, at each horizontal level, there is a close
relation between the land element and the water element which
directly affect each other.

3. The relatign between technical desion elements and socjial
units

In the above section irrigation is completely seen as a
technical-physical system only. In the General Framework,
however, we have already shown that irrigation entails a wide
range of other factors too. And if we look more closely, it
appears that behind a simple engineer’s design of an irrigation

scheme presuppositions about social elements are hidden.

In order to calculate the quantities of water needed,
assumptions are made regarding the crops that will be
cultivated and the calculations of their water requirements. As
a matter of fact, other implicit assumptions about how the
farmers will use their plots, - crop intensity, fregquency and
rate of irrigation applications - underlie these assumptions.
Also, when engineers design a particular waterdistribution,
they make assumptions about how the farmers will work together
to divide the water, about what people will attend to the
structures, about how farmers decide when to start the growing
season, and the like. In short, the engineers use
presuppositicns about the way people are going to organize

1 The choice of crop, which is often regarded as an important ele
of an irrigation design, is, in this concept, not considered to be par
the physical irrigation system. In analytical terms it is part of the
of the agricultural use of the plot.
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themselves in order to manage the scheme.

As final example we mention that in nearly all designs
presuppositions are used about the availability of inputs and
construction materials. So this estimate is actually based on
presuppositions with regard to external relationships of
farmers with traders, processing plants, or government sevices.

We may conclude that such a "technical design" also hides more
or less implicit presuppositions about:

- the use of the plot

- the way the water users are organized

- the extermnal relationships
If an irrigation scheme is considered not only as a technical-
physical system, but also as a unit that can only function with
the help of people, it would be logical, in addition to a
technical design, to make designs of the agricultural use, the
organisation, and the external relationships. It is true, in
many cases a number of choices or presuppositions are made
concerning these three last ‘designs’, hut these usunally lack a
systematic approach.

It must be noted that the technical irrigation design made up
of the six elements we have just discussed, cannot be sharply
divided into levels related to specific social units. The water
distribution for example, is connected with the method of water
application in the plot as well as with the organization of the
water users. It is therefore impossible to draw single
relations between certain design elements and certain
characteristics of the use of the scheme. The interrelations
between technical elements, methods of use, and social levels
can be represented in diagram form as shown in figure 2.
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It is important to note that the connection between the
technical design and the three social levels is brought about
in three levels of pracical use of the scheme. The use of the
plot, the organization of the water users, and the external
relationships must be seen as concrete actions and behaviour of
people. Precisely by focusing on the concrete use of the scheme
at these three levels, we can lay the connection between the
abstract technical calculations and the often equally abstract
socio-economic information. To bridge the widespread
misunderstandings and language barriers between the technical
and social sciences, it is necessary for both sciences to
translate their calculations, respectively analyses into
concrete expectations or findings as regards the way people use
{or are going to use) the irrigation scheme. Only through this
exchange and confrontation at the level of concrete behaviour,
the frames of concepts, so distinctly different from one

another, can be connected.

In the first three themes of the Workshop the connections
between physical design elements, methods of use, and social-
economic relationships will be analyzed for each of the three
levels. Ample use will be made of the wealth of field
experiences presented in the many articles which deal with the

2 Fach * refers to a main component of the technical
design of an irrigation system.
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success or fallure of particular technical scluticns in
specific social-economic conditions.

Irrigation system |€————> ( 1level of use }é—>»( social unit

S

Figure 3.

Many irrigation designers reason from left to right. On the
basis of certain technical possibilities, supplied by the
physical conditions and available technology, the designer
deduces certain forms of use he considers desirable. These
eventually affect the various social levels again. Tt is this
left-to-right reasoning that causes a considerable proportion
of the undesired (side-)effects of irrigation development in
Africa. At the beginning of the Workshop, however, we will
start to reason from the irrigation scheme back to the levels
of use, taking the great many practical examples gathered from
the various articles as starting points. Thus we hope to find
out what presuppositions about the use of the scheme actually
underlie certain technical choices. The success or failure of
particular solutions can then be further analyzed by comparing
these presuppositions with characteristics of the social units.
We will then focus on a reverse way of reasoning from ‘right to
left’. This implies that certain requirements or objectives
concerning the use are deduced from an analysis of the social-
economic levels. Then certain technical solutions that match
with these requirements for use, are looked for. On the basis
of these requirements for use, certain suitable technical
solutions are sought.

Finally, it should be noted that in most design processes we
cannot, of course, exclusively reason from social demands and
constraints to the technical characteristics., From a technical
viewpoint there may also be certain requirements concerning the
use, for the simple reason that not everything is technically
possible, and a solution perfectly adapted to the social
objectives, cannot always be found. Besides, as we have said
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before, irrigation development is indeed meant to be an
innovation, and is allowed to make new demands on the

functioning of the social units.

4. Designing as a process

In the preceding paragraphs we have dealt with various types of
technical and socio-economic considerations which are part of
an irrigation design. We now return to the question of what
designing actually is as an activity. To answer this, we will
put designing into the context of irrigation development as a
process of change. Three relevant dimensions of designing as an
activity are distinguished: designing as decision-making,
designing as part of a project cycle, and designing as a
process of interaction.

Decision-making

Making an image of something implies that we constantly take
decisions about the shape of certain elements. For each element
certain condijtions can be formulated. These are ,from the usual
engineer’s viewpoint, mainly considerations about technical
possibilities or impossibilities based on the physical
conditions. Or they are constraints imposed by the choices
already made for other elements. It has been agreed in the
foregoing paragraph, however, that conditions may also come
from social-economic considerations on the use of the irrigated

plot, the organisation of the system and the external contacts
to be maintained.

The designer or the design team may find suitable design-
options on the basis of the various conditions. In many cases,
however, the designers have restricted possibilities (for
instance, the types of structure, the motor pumps available,
the pipe diameter), which may result in new consequences for
the use of the system.
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At the Workshop we shall also pay ample attention to the
options engineers are usually considering, and the question of
whether it is not possible for them to take more possibilities
into consideration. For it appears that in many cases farmers
develop informal and ’‘alternative’ solutions that are worth
studying.

The eventual choice made with respect to the shaping of a
design element is called a design-decision. Some nuancing is
needed here. Because of the complexity of elements an
irrigation scheme consists of, and their many interrelations,
an irrigation design is never a straight process of decisions
whereby one step is simply followed by the next until the final
geoal is reached. In many cases decisions taken before regarding
particular elements, have to be reevaluated when the outcome
of another element is known. An effective design process may
therefore be compared to a spiral whose radius gradually
decreases. From global requirements and preconditions one comes
to a provisional design, in which certain data are missing, and
contradictions are to be expected. More investigations are
needed to clear these points, after which on the basis of these
new data, a better design is made, which can again give cause
for a closer analysis or for new considerations between
contradicting elements.

The project cycle

Up to now we have looked at designing from a wide scope, but
yet as an isolated activity. However, it is usually part of a
project cycle, which starts with the first idea for a project
and runs on until the moment the scheme is completed and put to
use. In a project not only a design is made, but also a wide
range of other activities are undertaken. A project cycle
usually consists of various phases according to the priority
given to certain activities in a particular period. The
arrangement, used by us, is:

1) Identification

2) (Feasability) Studies
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3) Drawing of the physical design
4) Construction of the irrigation system

5) Putting the scheme to use.

An important comment must be given on this arrangement. The
concept of design occcurs only in the third phase. At the
Workshop, however, design is seen as the shaping of an image of
how the scheme or particular parts of the scheme are to look.
On the basis of this definition we can distinguish design
aspects in all the phases. The conception-phase already
involves making a certain image. Here the water source and the
site are usually more or less determined. Choices (although
provisional), are made with respect to crops or even types of
irrigation methods. In the preliminary studies information and
investigations are supported by ideas one has already formed,
and new, more detailed assumptions are made.

Even after the actual design, corrections take place in the
image one has formed of the scheme. Every alteration in the
shaping of an irrigation scheme can be considered a design

result.
Interaction

Once we have discussed the first three themes, it will be clear
that all kinds of requirements and conditions can be formulated
for each design element, and that a wide variety of factors can
influence the suitability of a particular option. It is
therefore essential to realize that the various actors involved
in irrigation development also have different views, silent or
outspoken, about the objectives, requirements, or even about
the concrete shape of the system.

There are ample examples of this. In many cases the tean
responsible for the design (or part of it) are confronted with
demands or preconditions from a client. Government agencies or
financiers may have other demands again. And during the
designing stage results of investigations or the communication
with farmers and other pecple concerned may again lead to other
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expectations of the scheme.

Consequently, a design is never made by an engineer only. In
many cases it is the object of interaction between many actors,
usually spread over long periods of time and over a number of
locations, from the office of a financier in a Western country

to a village meeting with the future water users.

Furthermore, it needs mentioning that the irrigation design

itself is often incomprehensible for outsiders. On top of that
it is often difficult for engineers to give a clear and simple
explanation to non-professionals of the actual implications of
specific technical choices. We hope to create better conceptual
tools for this in the discussions about the first three themes.

In the fourth theme we shall examine the possibilities and
limitations of interaction between designer and other parties
during the design process. Topics to be discussed include forms
of organization of the project cycle, the role of designer, the
role of a preliminary investigation, farmers’ participation and
negotiation, the occurrence of cycles/repetitions and the
possibilities for adaptations during the design stage and
implementation.
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THEME 1: TRRIGATION DESIGN AND LOCAL FARMING SYSTEMS

1. Introduction

The connection between the physical characteristics of the
irrigation system and specific elements of the local farming
system constitute the core of this theme. One of the three main
conditions for a sustainable irrigation scheme can be deduced
from the "general framework", i.e.: There has to be coherence
between the plot use which is enforced by new irrigation
technology on the one hand and the (future) use of irrigated
plots which the users think to be desirable on the other hand.
This desired way to use a plot mainly results from the
considerations of the farmer families, which are based on the
possibilities and the limitations of their farming system.
Their farming system is the complex of food and cash earning
activities of a farming housenold. This complex is often not a
static system but changing overtime. As indicated in figure 1
we consider the intended use of the plet to be the connection
between the physical design and the local farming system, i.e.

the complex of food and cash earning activities of a farming

household.
Figure 1
design intende;\\\\ local \\\
plot S e farming
elements use S system

In many schemes the physical design mainly resulted from
technical considerations and agronomical presuppositions with
regard to the crops to be grown, the crop intensity and the
cultivation calendar (figure 2). Most design decisions are
based on both implicit (e.g. enforced by technology) and

explicit (e.g. agronomical) presuppesitions with regard to the
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use of an irrigable plot. Yet, these unilateral and even partly
unintentional presuppositions often do not correspond to the
actual use of the plot by the farmers. Research has shown that
cultivation methods which are imposed by the system can have
negative consequences for farmers, their wives and their
children and, subsequently, that farmer families fail to
sustain the technology imposed on them.

Figure 2
design intended \\\ 1ocal
_— plot farming
elements use system

Therefore it is important that modifications of the design
methodology result in a physical design which does not uni-
laterally impose irrigated plot use on the farmers, but that
physical design decisicns are also based on the ways farmers
preferably use or intend to use their plots. This consideration
has been schematized in figure 3. To gain insight in these
preferences a study of the main elements of the local farming
system is necessary.

Figure 3
design 44— /[ intended — local
plot farming
elements use systen
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The aim of this first theme of the Workshop is to provide
engineers and planners with points of access which enable thenm
to relate relevant design elements to crucial elements of the
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farming system and to formulate relevant guestions for the
identification of the requirements of the users with regard to
the desired plot use, which are to be derived from expected and
desirable changes of the farming system. Subseguently, the
congequences of these demands for the physical design must be
considerated.

This introduction to theme 1 firsf of all illustrates how
design decisions imply presuppositions with regard to the use
of the plots and what socio-economic implications this may
have. Secondly some crucial elements of the lccal farming
system are identified and the relations of these elements to
the use of the plot and thus to design are explained. Finally
some introductory remarks are made with regard to the
consequences for the designing process.

2. Physical design and presuppositions with regard to plot use

In the introduction on designing the following six related main
elements of a physical design have been distinguished: water
source, location, plot, water application, water distribution
and layout. Design decisions within each of these elements are
based on presuppositions with regard to various aspects of the
future use of the plots. Some of these presuppositions are
intentional and result from certain project aims or peripheral
conditions imposed by the regional/national socio-political
context, for example the choice of certain cash-crops. Yet,
design decisions are alsc based on presuppositions which have
not been reasoned or preconceived. Technical and physical
considerations play such a dominant role that the way to use an
irrigated plot does not seem to be a choice for planners and
engineers, but the result of a logical, irrevocable,
technically consistent process. A few of these implicit and
explicit presuppositions and their socio-economic implications
are mentioned in this section. Only if we recognize that
certain presuppositions underlie design decisions, it will be
possible to bring the ‘accuracy’ and the ‘desirability’ of
these presuppositions up for discussion and to set them against
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other conditicons for plot-use.
Water source

The ‘water source’ design element focuses on choices with
regard to the type of water source to be used {(with pump or by
gravitation from natural streams, use of floods or collected
run-off behind dams, etc.) and partly related elements, such as
size, security, fluctuations and control of the water supply.
Pump irrigation is a clear example of a water source which
drastically affects the irrigated production system and which
supposes a more or less commercial orientation of the
production. The above-mentioned aspects of the water supply
can be decisive with regard to what crops have to be irrigated
and in what periods this has to be done. Thus the liberty of
farmers on the plot level is partly determined by the
characteristics of the water source.

Lo ion

The choice of a location for a system has implications for the
kind of crops to be cultivated depending on hte types of soil
available. The topography may determine labour reguirements for
cultivation and irrigation. Moreover, the distance to the
residential area affects the planning of daily activities on a
plot and the total demand for labour of the irrigated culture.
This aspect for example determines the possibilities of women
to use the system. Often the introduction of the irrigation or
the extension of existing areas affects areas which were used
for other agricultural activities before. In such cases the
choice of a location leads to the local elimination of non-
irrigated cultures and implies the priority of the irrigated
culture over other ways to use the land.






