DRAFT

W/
IMPROVING THE PERFORMANCE OF AGRICULTURAL
@ DEVELOPMENT PROJECTS

PART I A PROPOSED DESIGN PROCESS

G. Levine, L.E, Small, J. Ingersoll

Zlfmproving the Performance of Agricultural Development...

630,72 Levine, Gilbert.
L665 Improving the Performance of Agricultural De-
velopment Proje:'.s, Parts T and II. Gilbert
Levine, leslie E. Small and Jasper Ingersoll.
July 1974(?)
Draft of a paper presented at the SEADAG Me-
kong Developm:nt Panel Seminar, Pattaya, Thai-
land, Augnst 20-23, 197,
Part 1--Proposed Design Process.
Part 2--Example of a Systems Approach to De-
Sign Decisions: Ccatrol of Irrigation
Water,
1.Dev. assistance methodr ‘BYy+.2.Ag, Dev.3.Irrigation
research.l.Project Management-Ag.5.Pr~iect management -
Irrigsation. T. Title. TT. Anthare

* Professor of Agricultural Engineering, Cornell University, Ithaca, N.Y. ;
Assistant Professor of Agricultural Economics and Marketing, Rutgers
University, New Brunswick, N, J.; Professor of Anthropology, Catholic

University, Washington, D,C., respectively,


http:Qrg.2.Ag

-i-

I, INTRODUCTION

A wide range, and a large number, of agricultural development
projects exhibit unsatisfactory performance. In many, the problems
are serious. While specific aspects may differ, the problems usually
fall into four general categories: excess costs, low outputs, dissatis-
factions on the part of clients or planners, and unforeseen adverse
results, On many projects, all four categories of problems occur,
The prevalence of these problems in projects with different objectives,
with diverse characteristics and in different geographic regions
suggests that there are serious flaws in the process by which these
projects are planned and implemented. The purpose of this paper is
to present the general outlines of a planning and design process which we
believe will improve the resulting project performance through a more
systematic consideration of goals, resources and alternatives, and

through the explicit recognition that project designs are always incomplete,

A, Agriculture As A System

Basic to this revised process is a view that agriculture is a very
complex ecclogical system whose essential nature and performance is
determined by the mutual relations among liviné organisms (including
human beings) and by the interactions between these organisms and their
physical environment. The performance of an agricultural development
project depends on the type of changes which the project brings about
in these relationships. Thus, to plan, design, and implement agri-
cultural development projects explicit consideration of a multitude of

interacting elements of the complex system of agriculture is necessary,
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To facilitate the analysis and synthesis associated with planning and
design it seems appropriate to divide this complex system into four
subsystems: social, economic, physical and biological. Each sub-
system consists of a large number of interdependent elements or
variables, which may be characterized in either quantitative or
qualitative terms. The relative importance of the various elements
will be different for different planning objectives and types of projects,
and the identification of the important elements in each specific case is
essential for effective planning and design., This will be considéreﬂ more
fully in Part II of this paper.

In very brief terms, the four subsystems are described below:

1. Social Subsystem. The elements relating to the interactions

among people perferming roles related to plant and animal production.

2. F.conomic Subsystem. The elements affecting the material well-

being that can be derived from the utilization of resources for plant and
animal production,

3. Physical Subsystem. Specified elements of the physical environ-

ment which affect the potential for plant and animal production.

4, Biological Subsystem. The biological elements affecting the

potential for the production and reproduction of living organisms,

The primary outputs of an agricultural system generally can be
categorized into two major groups: production of plants and animals
(regardless of their desirability to humans) and human well-being., The
production of plants and animals is linked primarily to the physical and
biological subsystems, though the economic and social subsystems also

influence such production, Human well-being is primarily associated
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with the social and economic subsystems, though with significant in-
fluences from the physical and biological subsystem, e.g. in human
health,

While each system is somewhat independently variable, especially
in the short run, it must be recognized that the four are interdependent
in the longer term, and none can be considered as prior or basic, Thus,
the planning, design, and implementation of agricultural developmeut
projects should include specific consideration of all four subsystems

and their interactions.

B, The Planning and Design Process

Planners of agricultural development projects usually recognize,
at least in principle, the importance of considering all four subsystems
of agriculture when designing a development project, Yet, the prevailing
practice is to place primary emphasis on the physical system, with lesser
emphasis on the biological system, even less on the economic system,
and almost none on the social system. In part, this bias reflects the
fact that most agricultural development projects involve obvious changes
in the physical system, with the biologic system recognized as being the
vehicle for utilizing the improved physical environment, while changes
in the other systems are somewhat less obvious. Furthermore, there is
fairly widespread agreement on the nature and the methods of measure-
ment of the variables of the physical and biologic systems which are
critical to the success of the project. ( This is not to suggest, however,
that failure to considercritical variables or that problems in their measure-

ment never occur.) By contrast, critical variables in the other systems
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have not been so clearly identified, and measurement techniques often
are less well defined,

There undouttedly will continue to be differences in the degree of
precision with which critical variables in the various subsystems are
identified and measured. But, we believe that it is possible to improve
the planning and design process for agricultural development projects
by considering explicitly the variables and the constraints imposed by
all the subsystems of agriculture. In the remaining sections of Part I
of this paper we attempt to detail the process by which the importént
elements of the four subsystems can be considered in an integrated
manner within the planning and design process,

Conceptually, the design process which we propose is similar to
the current procedure, in that it proceeds sequentially from the Pre-
project stage to the Pre-feasibility, Feasibility and Detailed design
stages. The proposed process differs, however, by increased emphasis
upon the evaluation and definition of goals and objectives, by the inclusion
of more feedback links, and by the inclusion of the Construction and
Operation stages as part of the design process. An additional major
difference is the deferment of a policy decision on the specific type of
project to be implemented until after the feasibility stage, This is in
sharp contrast to the current process by which the project type is decided
at a very early stage in the planning-design process, Figure 1 illustrates
the sequential staging of the proposed general process, We will consider
stages A, B, C, and F in detail in this part of the paper, and will consider
the Detailed Design stage more fully in Part II, for an irrigation type
project. At that time, the identification of critical subsystem variables,

and their utilization in the irrigation project design will be illustrated,
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PROJECT DIISIGN STAGES

PRE-PROJECT >

PRE - >
FEASIBILITY

FEASIBILITY >

DETAILED >
DESIGN

CONSTRUCTION >

OPERATION >

Identification and Reconciliation
of Goals and Objectives

Identification of Resources and
Constraints

Identification of Potential
Alternative Project Types

Identification and Evaluation of
Feasible Alternative Types

Selection of Specific Type

Detailed Data Collection

Basic Project Design

Primary Project Construction

Secondary Project Construction

Operation and Maintenance
Monitoring and Feedback

Design Revision

Figure 1, Generalized Design Stages for an
Agricultural Development Project
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The construction stage will be considered only very briefly,

II. PLANNING AND DESIGN STAGES

A, The Pre-Project Stage

The action and decision sequence in the Pre-Project Stage is depicted
schematically with the flow chart, of Figure 2. Three major aspects of
this phase of the planning-design process should be noted: there is ex-
plicit identification of both governmental and individual (or client) goals;
there is specification of the development objectives; there are explicit
comparisons between goals, and between goals and objectives, with
feedback links to enhance agreement,

1. Identification of Government Goals. This step in the design

process is one of the most difficult to deal with, partly because it appears
so obvious or trivial to many planners, Yet we believe that the frequent
failure to specify such goals is one reason why many agricultural develop-
ment projects fail to live up to expectations.

The first problem encountered is that of defining what is meant by
''government goals'. All governments have a multiplicity of goals, some
of which may be conflicting in either the short term or over the longer
period. Some of the goals may relate to ideology, some to political
considerations, others to productivity and still others to equity. Even
within the context of an agricultural development project all these areas
may be represented in the motivations of the government for the proposed
activity. To the extent it is possible, the goals of the government for

the project, and the priorities among these should be identified explicitly,
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STAGE A: PRE-PROJECT

IDENTIFICATION OF
GOVERNMENT GOALS

IDENTIFICATION OF
"CLIENT" GOALS

ARE GOV'T GOALS
XES ' ConsISTENT wiTh YN0

"CLIENT" GOALS?/

CAN"CLIENT"
GOALS CHANGE 2,

DEFINE
MECHAN!SM CAN GOV'T
FOR CHANGE GOALS CHANGE?

4)

SPECIFICATION OF
DEVELOPMENT OBJECTIVES

MAJOR PROBLEMS
ANTICIPATED

ARE OBJECTIVES

CONSISTENT WITH ....@
. GOALS? /

L

Figure 2. Pre-Project De'sign Flow Chart
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From the perspective of the project planners and designers, the
identification of the people whose goals are of interest is considerably
easier than identification of the goals themselves. Typically, these
are the policy makers and economic planners, Unfortunately, these
planners and policy-makers may feel that they can "instinctively"
judge whether or not a project is consonant with their own underlying
goals, making it unnecessary for them to precisely identify and articulate
these goals, One obvious, difficulty,with this position is that within a
small group of policy-makers, differences in goals are likely to exist.
A perhaps less obvious but more serious difficulty is that when projects
are judged in part on feelings which have not been clearly identified, the
project will not be examined critically to determine the degree to which
it will in fact lead to the goal in mind. Dissatisfaction with project

results is almost sure to occur,

2. Identification of Client Goals. In most agricultural projects

there is a primary dependence upon the "farm!" operator for ultimate
success of the project. It is the farm operator (perhaps tenant or owner
or collective group) who will grow the crops, raise the animals, use

the water, apply the technology, etc. As in the case of the identification
of government goals, it probably is easier to identify the client than the |
goals, but even this is difficult. Not all farmers have the same goals,
even when they are in a specified geographic area, or target group. In
addition, and somewhat in contrast to the identification of government
goals, the inechanisms for obtaining this information generally are poor
or essentially non-existent, Generally, if client goals are considered

at all, they are those hypothesized by others. To effectively identify and
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determine farmer priorities for his multiple, dynamic.goals will
require planning and design effort not usually expended. Special
consideration must be given to the social and economjc subsystems at

this stage.

3. Are the Goals in Conflict? If the autonomous response of

farmers to their totai environment is to be the primary mechanism for
achieving project results (authoritarian methods, including force have
been used), there must be reasonable congruence, or at least min'imal
antagonism between the priority goals of the government, as articulated
by the policy makers, and the priority goals of the farmers., An
evaluation of this congruence must be made. Where there is essential
agreement, this design process leads directly to the specification of the
development objectives (4), Where there are sharp divergences, two
basic alternatives exist: the client goals may be changed, in whi’ch case
the anticipated mechanisms for effecting this change should be identi-
fied (3B); the government goals maybe reevaluated (see the feedback link
(3C) figure 2) and reformulated, Where necither of these alternatives is
viable, major problems in any type of project should be expected, and
-extraordinary measures for project implementation would be necessary,

4. Identification of Development Objectives. Development objectives

can be distinguished from goals in that objectives are more specific.
The goals identified in Step | are broad goals toward which the policy-
makers hope their society will move, although the goals may never be
fully realized. Objectives, on the other hand, are much more concrete
and measurable. An agricultural development program may thus be

expected to achieve the objectives which are established for it, and its
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performance may be measured by the extent to which it does actually meet
these objectives,

Since the exact nature of the agricultural development project to be
undertaken has not yet been determined at this point in the design pro-
cess, the specification of the development objectives needs to be general
(although still in concrete and measurable terms).’ Specification of more
detailed project objectives occurs in the evaluation of each alternative
project type in the Feasibility Stage.(C). This point is an important one,
particularly from an economic perspective. The design process should
provide tiie mechanism for careful consideration, by the policy-maker,
of as wide a range of alternatives as possible. If objectives are speci-
fied too narrowly at this early stage in the planning process, many
alternatives will be completely excluded from consideration.

An objective of increasing dry season production of rice by 1,000
tons would be an example of a very narrowly specified objective which
is probably unnecessarily restrictive. As specified, the objective would
eliminate from consideration any type of project that did not involve
irrigation, The objective could be specified more broadly by removing
the words "dry season". This now encourages the policy-maker to
consider a whole range of possible projects that would have been ignored
under the previous formulation. The objective could be defined even
more broadly by changing it to reflect a specific value of production,
rather than a specific quantity of a given crop. This allows consideration
of projects that might be equally as effective in increasing production,

but where the production would be in the form of crops other than rice.
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The extent to which objectives are broadly or narrowly defined will
depend on a wide variety of considerations and restrictions under which
the policy-maker is working, The point that we are trying to make here
is simply that the more broadly objectives are defined, the better will
be the planning process in terms of providing a careful evaluation of the
alternatives available, A policy-maker should examine carefully his
reasons for placing restrictions on the objectives,

5. Are the Development Objectives Consistent with the Goals? As

the objectives are developed the planner must ask whether the objectives
are consistent with the specified goals, He may find that some of the
restrictions placed i his objectives reflect considerations which are
inconsistent with the stated goals, In such cases he needs to reconsider
the objectives, as suggested by the feedback link to (4) in Figure 2, and he
may even have to suggest reconsideration of the governmental goals, as
indicated by the dashed link to (1). After the development objectives are
reasonably consistent with the goal priorities of the government and

clients, the Pre-Feasibility stage is entered,

B. The Pre-Feasibility Stage

The Pre-Feasibility Stage has three primary objectives: the
identification of the resources available; the identification of critical
resource constraints; the identification of project types potentially suitable
for the specified development objectives, The flow chart for this stage is
depicted in Figure 3,

6. Identification of Resource Requirements and Supplies. We have

suggested that in the traditional design process, the physical, and to a

lesser extent the biological resources are considered in some detail,
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STAGE B: PRE-FEASIBILITY

IDENTIFICATION OF
RESOURCE REQUIREMENTS
AND SUPPLIES

/ ARE \
YES RESQURCE NO

{ CONSTRAINTS
CRITICAL?

ARE
CRITICAL
CONSTRAINTS
REMOVABLE?

NO ____@

&

DEFINE
MECHANISMS
FOR REMOVAL

L

®

IDENTIFY ALTERNATIVE
PROJECT TYPES

®

Figure 3, Pre-Feasibility Design Flow Chart
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But seldom are the economic, and rarely are the social resources
considered in anything more than a cursory fashion, (Some of the
reasons for this are considered in Part II. ) Instances can be cited
where significant physical and biologic factors have been overlooked,
or inadequately considered in project design (e.g. the low slope in the
Muda River Irrigation Project, in Malaysia, and winter effects on the
cropping pattern in the Dez Irrigation Project in Iran), but our emphasis
in this section will be upon the important economic and social resources
whose availability should be determined. In this context, consideration
must be given to the availability of these resources both to the govern-
ment, and to the intended beneficiaries (clients) of the project,

It is generally recognized that economic resources may be divided
into six categories: land, water, labor, physical capital, financial capital,
and human capital.* For each of these categories, the extent and time
distribution of the available resource must be determined, In addit'ion to
availability, the degree of current utilization of these resources must
be evaluated, It should be recognized that at this stege the focus is on the

prospective clients, rather than on a proposed project, and thus a wider

* Land and water (sormetimes considered together, as land) obviously are
elements of the physical subsystem and both usually are evaluated from
the perspective of their physical characteristics. Theijr inclusion in the
economic subsystem stresses their economic rdle as distinct from their
physical aspects, Similarly, human capital is an element of the social
subsystem, and will be considered from that perspective later in this

section,
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view of the resources results,

Techniques for identifying, and to some extent, for determining
quantitative values for the elements of land, water, labor, nhysical
capital and financial capital exist, Techniques for the identification
and evaluation of human capital are much more limited, and this may be
a contributing factor to the neglect of consideration of this resource.
Where attempts have been made to consider the human capital, it usually
has been through the evaluation of the level of formal education of he
prospective clients, with the underlying assumption that formal education
is equated with knowledge, But knowledge and skills are real resources,
regardless of how they were acquired, The experiential knowledge and
skills of the clients may be among the most important resources available
to an agricultural development project. Conversely, the lack, on the
part of the clients, of knowledge and skills regarding the type of agri-
culture that is proposed for a given project may be one of the most serious
resource constraints affecting the potential for a project.

Planners need also to consider the economic resources that are
available to the government, The six categories of resources that were
considered in investigating the resources of the beneficiaries can also be
used here. Land, water, znd financial capital are generally considered
by planners. Labor is not a particularly important category, since pre-
sumably the goverumcnt can hire the labor it needs, if it has the finanwcial
capital, Physical capital in the form of machinery may be considered,
although these items may also be purchased if adequate financial capital
is available. But human capital is again ¢n important category which
tends to be neglected. The availability of manpower trained in varibqs

technical and admivistrative skills is essential, and cften may be a
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significant constraint that must not be underestimated in the planning
and design process, It should again be recognized, however, that
formal training is not the only source of this human capital, Experiential
knowledge and skills may form a significant proportion of available
human capital, Of special importance, and frequently overlooked, :s
the ability to communicate well with the intended beneficiaries,

As information about the basic economic (and other) resources i=

being obtained, estimates of the Fésource requirements must be made,

It should be emphasized again that a project type has not been s. :ected

to this point, and thus, these resource requirement -stimates necessarily
're relativeily crude, Premature specificarion of the requirements will
restrict the options that should be considered at the policy level,

The social resources that should be considered at th.s stage irn the
planning-design process are not only difficult to identify in detail, they
even are difficult to categorize, At this period in our understanding of
the social subsystem of agriculture, it probably is necessary to focus
attention on those elements which have higher probabilities of being
constraints on policy decisions, rather than to consider the broader
range of social resources which might be utilized, A major exception to
this would be the human capital factor discussed previously. In general,
we believe these elements would fall inio six categories: social control,
commmunication patterns, coherence in cultural organization, inter-
dependence in social organization, institutional adaptability and complexity
of role structure. Human capital, elements of which have been discussed,
is formed from factors in all of the foregoing categories, and, to some
extent at least, represents an important synthesized reséurce. The

importance of each of these categories will vary, depending' upon the
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specific type of project which is considered, but serious deficiencies in
any of these categories of resources would be major constraints on the
potential options.

As in the case of the economic resources, primary emphasis is on
the client, but the importance of government as a social entity must not
be overlooked or underestimated, All six of the general categories
identified, when applied to the gove rnment, have important implications
for appropriate project selection. An illustration will be presented here,
and a somewhat fuller consideration will be undertaken in Part iI. -

Many agricultural development projects require a range of services
to be provided to the client, to permit him to act in accordance with the
proposed plan. Typical of these services are credit, physical inputs
such as fertilizer, technical information, etc, Project designs usually
anticipate that these services will reach the client in accordance with
his needs., Since different governmental agencies usually have responsi-
bility for delivering the different services, a relatively high degree of
coordination among the agencies, and between ‘the agencies and the
clients is assumed. Whether such coordination will, in fact, occur is
very dependent upon the levels of the social subsystem elements previously
cited, The lack of essential coordination, so frequently encountered,
suggests that insufficient resources of these types can present serious
impediments to the success of agricultural development projects.

To facilitate the identification of these resources and the determination
of their levels, it probably would be helpful to establish (to the extent it
is possible) the threshold levels at which the resources would act as a
serious constraint on different types of projects., There has been little
formal explication of this, but eXperie;ce with social constraints does exist

in many projects.
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7. Are Resource Constraints Critical? An important evaluation

must now be made; are the levels of the identified resources such, that
when compared to the required levels, they are in critically short supply?
If the judgement, considering the individual elements of all the subsystems,
is yes, then an evaluation of the possibilities and probabilities for either
increasing the supply of the resource‘ or reducing the requirement must
be made (7a). This judgement is verified through a specification of the
‘mechanisms for the removal of the constraints (7B). If the evaluation

of critical constraint removal probabilities is such that one or fno're must
be considered unremovable, then reconsideration of the development
objectives (feedb.ack link to (4) or of the more basic goals feedback link
to (1))must take place.

8. Identify Alternative Project Types. The planner is now at the

point, where, at least in relatively broad terms he can identify potential
project types which would meet the objectives specified, for which there
are reasonably adequate resources, and for whi¢h no unresolved critical
constraints can be identified,

Examples of the types of projects that might be considered at this
stage are land settlement, road building, unirrigated development of land
in settled areas, irrigated land development, and irrigation of existing
agricultural land. Identification of the alternatives will in part depend
on the imagination and skill of the planner. As was pointed out previously,
the more broadly the objectives are defined, the broader will be the range
of possible projects that the planner will be able to identify,

After the potential project types are identified, the planner is faced
with the problem of evaluating the alternatives, typically part of the

-

Feasibility stage of planning and design.
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C. The Feasibility Stage

Three purposes are served by the Feasibility Stage of the planning -
design process: to identify feasible project types from the list of alternatives
developed in the earlier ctages; to evaluate the feasible alternatives within
the context of the development objectives and goals; to provide the inform-
ation necessary for an informed Project type selection by the policy
makers,

The general process, depicted in Figure 4, consists of three basic
steps: a screening of the alternative pProject types for feasibility (indicated
by the flow loop, 9a-d); the evaluation of the alternatives found feasible (11),
and the selection of the projéct type to be considered for continued design
(12).

9. Examine Feasibility of Alternative Types. The pattern in this

screening loop is similar to that depicted for the Pre-Feasibility Stage,
but differs in that project objectives are now identified, and the necessary
resources and conditions are specified in greater detail and with direct
applicability to each of the project types, The avoidance of excessively
narrow objectives again is appropriate, to permit the widest range of
specific project alternatives after the project type is selected,

The feasibility being explored at this stage is the basic feasibility
of concurrence of project objectives with development objectives (9b) and
compatibility between available resources and condtions and the require-
ments for the project (9d), The more detailed studies, characteristic of
traditional project feasibility studies, are to take place within the Detailed
Design Stage, Thus, the data on resources (collected in step (6))and the

specification of requirements (in (9b))are more general than conventional
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STAGE C: FEASIBILITY
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-Figure 4. Feasibility Design Flow Chart
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feasibility studies, but probably include a wider range of information,
especially in the social and economic subsystems,

10. Are Projects Feasible? After the screening for basic feasibility,

2 more limited set of alternative project types usually remains. In an
unusual set of circumstances, no feasible project type may have been
identified, In this event revision of the development objectives is necessary
(feedback link to (4)jor a conclusion can be reached that no suitable project
exists, This is a legitimate, though perhaps unusual, outcome of the
planning-design process and it should be considered a viable alternative,
The reason it has not, in the past, been considered a reasonable alternative
is that there has been a premature focus on one potential project type,

with much data collection used to justify the project and to discourage
"pessimistic" judgements,

11, Evaluation of Feasible Alternatives, Evaluation of the alternatives

at this stage obviously cannot be done in great detail. But it should be
possible for the policy maker to evaluate these different types of projects
in a general way, considering the nature of their likely effects, and some
order-of-magnitude estimates of their costs. Part of the evaluation may
include judgements regarding the relative suitability of the various projects
with respect to the goals and objectives that have been identified. While
all the prcjects are presumably consistent with these goals and objectives,
some of them will be seen as being more likely to lead to the desired
results, or as leading to these results faster than will other projects.

At this point in the proposed planning-design process, the policy
maker is provided with 2 much wider range of alternative decisions, and
with different types and amounts of information upon whiéh to base his

decision. Less of the critical policy making power is left to the technical



-21-
staff, and we suggest, the probability of a more appropriate project

selection is inc reased,

12, Selection of Project Type. There is no simple way to choose

from among the various alternatives which have been identified, However,
tased on the evaluation which the policy-maker has undertaken, one type
of project may be chosen for further planning and design, It is possible
that the policy-maker may decide that he would like more detailed inform-
ation on more than one of the alternatives identified. In this case, he may
acquire this through a reevaluation process or, if he is willing to invest
the resources, it is possible for him to select one or more of the
alternatives, and to proceed to the detailed design stage for each of them
reserving final decision to that point. In general, however, the decision
on the most appropriate Project type is made at the completion of this

feasibility stage,

D. The Detailed Design Stage and E, The Construction Stage,

As we indicated in the introduction, we will not discuss the Detailed
Design Stage or the Construction Stage in detail for two reasons, We are
not proposing any significant changes in the procedures for these stages,
though we are suggesting significant additional elements to be considered
during the Detailed Design stage; we wish to emphasize the departures
from the conventional design process inherent in the proposed process,

To illustrate the feedback requirement, however, the Detailed Design
Stage, and the Construction Stage are illustrated in Figure 5,

The Detailed Design proceeds from the detailed data collection, to
the identification of alternative designs, to the evaluation of these designs,

to the selection of one and to the final check on project feasibility,
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STAGE D: DETAILED DESIGN

P

CONVENTIONAL DESIGN
PROCEDURES™

STAGE E: CONSTRUCTION

CONVENTIONAL PRIMARY
CONSTRUCTION®

SECONDARY CONSTRUCTION

¥ These stages are not specified in detail, since the
conventional design and construction processes seem

sufficiently adequate, Some critical aspects of these
stages are discussed on pages 21 and 23,

Figure 5. Feedback Links to the Design
and Construction Stages '
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Construction, where it is an important element of the project,
frequently is staged, with pPrimary construction proceeding at a relatively
early stage, and secondary construction proceeding over a longer period
of time, often with some modification of design as feedback is received
from the field,

Before leaving these stages for additional consideration in Part II,
we would like to stress our view that in the context of Asian agricultural
conditions, (and probably with wider applicability) it must be recognized
that all project designs are tentative and incomplete until information on
project performance is received from the field, We believe that it is
very difficult, if not impossible, to obtain sufficient information to design
a project that will meet client needs and project objectives without
significant modification subsequent to project operation. We feel this to
be true even for a static situation; if we consider a dynamic agricultural
situation the probability of its validity is even greater. If we are correct,
there should be explicit recognition «f the tentative character of the design
in the Detailed Design Stage, and feedback mechanisms should be an
important element of the design. The explicit provision for feedback is
important because project operation is typically the responsibility of a
group other than the project designers, frequently in a different agency,

The tentative nature of project design has been recognized in some
cases, and '"pilot areas' or "Projects'' are used to test design aspects,
The monitoring of these areas, and the response to the feedback, however,

frequently is limited,
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F, The Operation Stage,

From the design point of view, project operation provides the
opportunity to test both the performance feasibility of the design, and the
validity of the assumptions used in the design relating the project changes
and project objectives., The flow chart describing this monitoring and
feedback mechanism is illustrated in Figure 6.

30.*% Operate as Per Design., In many projects the tertiary features,

or or. farm components (e. g. land leveling in an irrigation project) are
scheduled for installation over a relatively long period of time after
project operation, Thus, the project may not, in fact, be operating as

the design specifics for a significant period. Provision should be made for
a ''pilot'" area in which all phases of the design can be tested, Operation
in this area should be as anticipated for the complete project, without the
""'special" inputs frequently accorded to ""pilot'' areas. To the extent it

is possible, the range of operating conditions (e.g. low water and high
water supply levels, in an irrigation project) should be experienced or
simulated early in project operation,

31. Monitor Project Performance, The important elements of project

design, especially those relating to the client should be monitored to

determine the degree of agreement between performance and design,

* The step sequence is interrupted to indicate the steps normal to the
Detailed Design and Construction Stages; the numerical value of 30,
however, is arbitrary and does not imply a specific number of steps

in those stages,
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For example, in an irrigation project it would be customary to measure
the water flow rates at specified turnout gates for different maingate or
canal levels, The flow reaching the individual holdings, and the disposition
of that water on the holdings, is also very important though more difficult
to obtain, This type of information is necessary, however, to have an
adequate understanding of the actual performance of the project,

32. Is Performance Consistent With Design? With the data on pro-

ject performance obtained, it is possible to validate the design, Where
discrepancies between performance and design exist, the causes should
be identified., 32a. In some cases these will be physical, in others they
will reflect other subsystem elements, but the real causes should be
identified, and the design modified, (feedback link to Design)

33. Monitor Project Results. Some of the output aspects of a project

can be determined relatively early in project life, while others require a
longer period before effective monitoring can take place. In both cases,
however, the monitoring procedure should be specified, and the major
aspects to be studied should be identified. Cropping patterns, yields,
market prices, etc. should be monitored over time to provide the basic
data for the later evaluation of the project,

34, Are Results Consistent with Objectives? A comparison of project

results with project objectives generally will show some degree of in-
consistency, When this discrepancy is relatively large, the causes should
be identified (34a) and design revision evaluated., If, for some reason
such revision is not possible (34B), then the project represents a major

problem,
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III. SUMMARY AND CONCLUSIONS

A planning-design process which differs significantly from the
pProcess now generally used has been proposed in this paper, It is
based upon the premises that within the context of Asia: project re-
sults are products of the autonomous reactions of the clients to their
total environment; the utilization of experiential knowledge is essential
for successful projects; designs are necessarily incomplete until after
the project is in actnal operation,

The proposed planning-design process stresses the importance of
the explicit identification and congruence of goals and objectives of both
the government and the client beneficiaries; it emphasizes the maintenance
of flexibility of options about the alternative types of projects which might
satisfy the specified objectives; it provides for comprehensive consider-
ation of the four subsystems of agriculture, with an emphasis on the
identification of constraint conditicns,

To achieve the objectives of the proposed process, it may be necessary
to sacrifice some of the detail customary for feasibility studies, and to

collect additional data on elements of the economic and social subsystems,
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INTRODUCTION

In the introduction to Part I of this paper, we discussed our belief
that many problems with agricultural development projects can be attri-
puted to inadequacies in the customary process of plaaning and design.

Two interrelated problems with the traditional design process were noted:
(1) inadequate consideration of alternatives aw’ (2) failure to give equal
emphasis to the social, economic, physical and lLiological subsystems of
agriculture. Both of these problems have led to what are in effect policy
decisions being made by technicians in the guise of technical decisions.

1t was in consideration of these problems that we developed the proposed
design process outlined in Part I. The proposed design process deals
expliciely with the problem of inadequate consideration of alternatives.

It also provides a framework within which interacting variables of the four
subsystems of agriculture can be considered, although for the sake of clarity
in presenting the main feature cf the design process, we dealt in Part I
only superficially with this aspect of the design process. In Part 1I, we
examine in greater detail the manner in which systematic consideration of
the 1n;eracting variables of the four subsystems can aftect specific de-
cieions which must be made in the design process.

1t is our contention that at many points in the design process deci-
sions are called for which need to be made on the basis of consideration
of the interacting variables of the four subsystems of agriculture. In
the prefeasibility stage of =he design process, such congideration is im~
portant both for the identification of resource requirements and supplies

(step 6 in the design process), and for the identification of critical
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resource constraints (step 7). 1In the feasibility stage, the identifica~ .
tion of the feasibility of alternative types (step 9) als. requires
consideration of the four subsystems, Likewise, therec are numerous de-
cusions in the detailed design stage which can best be made with explicit
consideration of these interacting factors, For example, in a road project,
the decisfon as to the specific location of the road, or the decision as to
the type of road surface would benefit from these factors. For an irriga-
tion project, decisions regarding cropping patterns and canal capacity are
two examples of design decisions where information from all of the sub-
systems 1s needed in order to minimize the possibility of encountering
major problems in the operation of the project,

To demonstrate in detail the nature of the factors to be taken into
consideration, and to indicate the effects of such consideration on deci-
sions affecting the deaigned project, we have chosen to develop an example
of one decision for one type of project. The type of project chosen isg
that of an irrigation project, and the specific decision which we consider
involves the determination of the type of unit (individual farm; ditch;
sub-lateral, lateral) at which the major responsibility for the control
of the water is to be passed from the central project administration to
the farmers. In the next section of the paper, we identify and describe
the most important or critical variables which should be considered prior
to making this decfsion., This is followed by a section in which we
(1) identify four alternative levels at which the nmajor responsibility for
the control of water can be shifted to the farmers; (2) examine the effects
of alternative valuss for each of the variables identified; and (3) evaluate

the four alternative levels in light of the discussion of the effects of
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the criticalAvariables. In the final section, the major points and con-
clusions of the paper are summarized,

Although the remainder of this paper thus deals with only one aspect
of the detailed design stage of only one type of project, we wigh to empha~
size that we are attempting to provide a concrete illuastration of how our
systems approach can be applied to the many policy decisions which mugt-

be made in the design of any agricultural development project.

VARIABIES OF THE SUBSYSTEMS OF AGRIGULTURE CRITICAL TO THE CONTROL DECISION

Deciding the level at which control 1s to be passed from the project
authorities to the farmers should involve an evaluation of how the success
of the project is likely #o be affected by the alternative levels which
might be chosen. We are therefore interested in identifylng variables whoae
vaiues (a) are indicative of the degree of success or failure of the project
and (b) will be affected by the level at which control responsiblilities are
shifted. Although many such variables undoubtedly exist, we believe that it
13 possible to identify a limited rumber of them which are of major impor-~-
tance to the control decision, In this sectlon we identify and describe
those variables in each of the subsystems which we believe to be critical
to the control decision, The section concludesvwith an {llustration and
discussion of some of the interactions among the variables,

Because we are interested in faccors affecting the results of the
project, the variables we have identified are those which appear to be
directly related to the decisions of the individuals who ultimately dcter-

mine the degree of project success. These people can be categorized into
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two groups: the decision-makers for individual farm units (eg., a farm
operator or farm family) and the project authorities., Some of the criti-
cal variables apply to only one of the groups, while other variables

apply to both groups. Since planners do not directly affect agricultural
production decisions, our list of critical variables does not include many
of the factors (such as cropping patterns) which are typically a part of‘
the planning process. We exclude these factors not because they are unim-
portant, but because their values are ultimzcely determined by the aggregate
effects of many individual decisions, rather than by the desire of projec-

tions of planners.

Variables of the Social Subsystem.

We have tentatively identified five variables in the social subsystem
which appear to be of eritical importance to the success of irrigation
projects. Because these variables relate to social groups, they are ap-
plicable to any group of people whose behavior substantially affects the
success of an ircigation project. The variables thus apply not only to
the farmers in an irrigation project, but also to the govermment authori-
ties involved in the planning and implementation of the project, and to the
merchanta'ﬁhovpfovide supplies and who market the farmers' produce. It
is well to remember that critical constraints on the success of an irriga-
tion project may come from problems in the social behavior of merchants or
of the government agencies dealing with irrigation, as well as from problems
in the social behavior of the farmers.

1. Change in the complexity of role structure.

An irrigation project is likely to result in an increase in the number
of types and varieties of roles performed by farmers, governmeut officials

and merchants, and in the degree of difficulty in performing these roles.
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The degree of compatibility of the new and the old roles may vary consider-
ably from one situation to another. We hypothecize that the greater the
increase in role complexity and the lower the degree of compatibility be-
tween the old and the new roles, the greater will be the difficulty in
establishing and maintaining a social subsystem that effectively supports
the irrigation project., Many of the changes in the main patterns of role
activity are likely to involve greater difficulty in performance, We can
thus expect sensible reluctance and even opposition to change in the social
subgystem unless the change is supported by persuasive sanctions (positive
and/or negative) in the social and in the other subsystems, It is therefore
important that project planning include careful studies designed to attempt
to identify both the major changes implied in the main patterns of role
activity, and the mechanisms available or obtainable to serve as positive
and negative sanctions (rewards and deprivations) in support of such role
changes,

2. Chanze in interdependence in social organization,

An irrigation project is likely to change the types of relationships of
interdependence among participants in the system of agriculture, We hypothe=-
size that the greater the congruence between the existing types and levels
of interdependence among participants and those required for the proposed
irrigation project, the better are the prospects for the development of an
effective social subsystem. Types of interdependence include interdependence
among farmers; between farmers and govermment officials; among officials;
between farmers and merchants, and between merchants and officials, One type
of interdependence among farmers that is of particular fmportance is.that of
the cooperative working groups which provide a means of managing the peak

labor requirements during the periods of transplanting and harvesting.
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Another aspect of the interdependence among villagers relates to the extent
to which their agricultural roles are differentiated from other social roles
occupied by the same people., One other significant aspect of the interde~
pendence both among farmers and between them and merchants coacerns the
extent to which the production goals of the farmers are oriented toward the
subsistence nceds of the farwm family, or toward cash income, |

3. Derrea of citlturs) cohesion,

In the proposed design process presented in Part I, we emphasized the
importance of examining and reconciling the goals and development objectives
of the project planners with the objectives of the farmers, The greater the
congruence between the government development goals, the project objectives,
and the farmers' goals regarding irrigation, the greater is the cultural
cohesion. Another important factor affecting cultural cohesion 1s the degree
of confidence that each of the participants in irrigated agriculture has in
the competenca and reliability of the other participants, Again, this ap-
plies to the confidence farmers have in each ocher and in the merchants and
govermment officials; to the confidence that government officials have in
each other, and in the farmers and merchants; and to the confidence that the
merchants have in each other, in the farmers, and in the govermnment officials,
We hypothesize that the greater the degree of cultural cohesion, the greater
the likelihood of success for an irrigation project.

4, Adequacy of communication patterns amon~ participants,

An irrigation project creates increased needs for communication among
some of the participants, most notably between officials and farmers. Such
two-way ccemmunication is needed throughout the planning, construction and

operation c¢f the project, If such commaunication is inadequzte, government
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officials may be ill-informed regarding the needs and desires of the farmers,
and farmers may have urrcalistic expections of the likely costs and bene-
fits to them of the irrigation project. We place special emphasis on the
importance of two-way communication, since experience with irrigation
projects in Southeast Asia supgests that while inadequate communication is

a common problem, communication channels from the farmers to the project’
authorities are frequently particularly weak., We believe that without ade~
quate two-way communication, the prospects for a successful irrigation
project are conslderably diminished.

5. 4Adequacy of social control.

Any agricultural system requires a certain degree of confowmity among
the participants, To achieve an acceptable degree of conformity, the
available normg (to induce conformity) and sanctions (to enforce it) must
be adequate., Changes in agricultural production patterns, such as those
brought zbout by an irrigation project, require certain changes in the type
of behavior to which the participants must conform., If the existing norms
and sancticns are inadequate to elicit the necessary changes in behavior,
new norms and sanctions must be developed, We hypothesize that the greater
the required changes in norms and sanctions, the more difficult will be
the establishment of an effective irrigation project,

Variables of the Economic Subsystem

In the economic subsystem, we have tentatively identified six critical
variables. The first five of these relate to the behavior of farm families,
while the sixth relates to the project administrators,

1. Relative avajlability of land and labor (land-labor ratio).

This variable 1s the nuber of hectarcs of land available to the farm

family divided by the size of the family labor force. It is thus a measure
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of the relative endowments of land and labor resources to the farm family,
The land may be owned by the family, or may be made available to it under
some form of a tenancy arrangement, The important point is that the farm
family 1s able tc make management decisions concerning the use of this
land. Low values for this variable suggest a potential for agricultural
practices involving a large input of labor per hectare, while high values
suggest that less labor {ntensive agricultural practices will be favorqd.
Because irrigation generally involves an increase in the amount of labor
used per hectare, a low value of the land-labor ratio could be interpreted

as being more favorable to the success of an irrigation project than a

high value.
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2, Profitability (rarzinal revenuse-mirsinal cost ratio).

This variable is a measure of the potential market profitability of
undertaking a new production activity. It is the ratio of the potential
increase in cash receipts per hectare to the increase in cash production
costs per hectare. Potential rather than actual increases in cash receipts
are considered because of the possiblity that the farm family might decide
to retain some of the increased production for hoﬁe consumption, rather .
than actually selling it on the market for cash. (It 1s assumed, however,
that the farm family does sell part of its total farm production for cash.

If this were not the case, the market price of the products produced by
the farmer might be irrelevant to his decisions.) Boch terms in this
ratio must be calculated for the unit at which the management decisions
regarding farm production are made. We assume that this- unit is generally
the farm family, If, for example, the land farmed by the family 18 rented
on a share of the crop basis, the additional rent that must be paid to the
landlord as a result of the increaged production must be subtracted from
the gross potential increase in cash receipts in order to arrive at the
potential increase in cash receipts to the farm family,

One difficulty in calculating the values of this variable relates to
the question of the relative amounts of family and hired labor used in the
new production process. The larger the proportion of the additional labor
requirements which is hired, the greater will be the increage in cash costs
asgsociated with the new activity, Because there are many factors which will
determine the extent to which a family will hire labor for the production
process, it gseems desirable to make two calculations of the marginal revenue-
marginal cost ratfo. Ome calculation should be made under the assumption that
no labor is hired, while the other should be baged on the assumption that all
of the additional labor required for the new production activity is hired,

The resulting figures should provide some idea of the desirability of a
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given production activity under alternative situations with respect to the

availability of family labor,

3. Opportunity cost of the additional family labor required.

Although family 1abT {4 a non-market input, the farm family must still
consider the production and consumption effects of alternative methods of
allocation of this labor. Since we are concerned.with variables which
affect the behavior of farm families, the calculation of the opportunity
cost of family labor must be froem the perspective of the farm family, and
not from a national perspective. Since each possible new crop or practice
which might be introduced as a result of irrigation would have a different
total requirement for family labor, the opportunity cost of meeting the
labor requirements will be different for each crop. Furthermore, because
of the seasonality of labor requirements for crop production, it is neccs-
sary to calculate the opportunity costs for each of soveral time periods
(eg., each month) during the year. The lower the opportunity cost of meeting
the labor requirements for a crop or practice, the greater the likelihood
that the crop or practice will be adopted. Therefore, low values of the
opportunity cost variable indicate relatively favorable conditions for
the success of the irrigatioﬁ project.

4, Change in financial risk,

Any new production activity which increases the cash outlay of the fara
family increases the financial risk which they face. We suggest that a vari-
able which could be used to reflect this risk 1s that of the ratio formed by
dividing the per hectare change in cash outlay necessary for the adoption of
the new practice by the net cash farm income per hectare. Net cash income
from farming includes the gross cash receipts which the farmer obtains from
his farming operation prior to undertaking the new activity, minus his cash

production costs, The value of produce consumed on the farm is not included
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in calculating the cash receipts., As in the case of the profitability
variable, this ratio should be calculated on the two extrene assumptions
regarding the hiring of labor, The larger the value of this variable,
the greater is the amount of financial risk which the farmer incurs in
undevecaking the new activity,

5. AMvailability of knowledge and skills.

This variable 1s a partial measure of the endovnent of what economistg
like to call "human capital.”" Since most of the relevant knowledge and
skills are experientfal in nature, it may not be possible to develop a
precise measure for this variable. But planners should not overlook the
importance of the skills of the farmers with respect to the kinds of
agrizuiture which must be developed 1f the irrigation system is to be
utilized,

6. 0O & MLCxpenditures per Hectare,

The amount of money budgeted by the project authorities for the opera-
tion and maintenance of the irrigation project is a variable whose value
depends on the decisions of the project authorities, and not on the farmers.
Major problems can be anticipated in case where this variable has a very

low value,
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Variables of the Physical Subsystem,

It is not possible to identify a single set of variables which, for all
conceivable types of irrigation project, would have critical importance to
the decision regarding the transfer of control responsibilities. If we
limit our consideration to the context of Southeast Asia, however, at least
five such variables can be hypothesized. In most cases these variables can
be expressed as dimensionless ratios, with wide applicabflity, but in at
least one case the absolute magnitude of the physical factor is the signi-
ficant aspect.

*
1. Relative Water Supnly (RIJS)

The amount of water available relative to the requirements of the
physical-biological environment (the amount of water diverted divided by
the environmental requircment)/;:rhape the most critical of the physical
subsystem variables, It has direct implications for ths potential capa-
bility of the project to satisfy farmer requirements for water deliveries
which are adequate in amount, timing and depandability, and which can be
handled with a minimum of effort, It has indirect implications for .e
development of secondary problems, such as salinity and waterlogging.

At the same time, it is related directly to the project administration
objective of efficiently meeting the environmental (soil and coop) water
requirements, and to the area which can be served from a given water

source. Thus, it frequently represents a conflict variable among farmers,

project operators, and policy makers and planners, This can be illustrated

* The inverse of this variable 1s traditionally identified as the project
Water Use Efficiency. It is deliberately restated in the Relative Water
Supply form to emphasize the frequent insppropriateness of the water
efficiency concept in the context of monsoon Asia.

Yo



-13-

wicth a typical Southeast Asian situation.

For a project in which rice is to be the dominant crop, the irrigation
requirement at the farm level, based upon the physical -biological envirene~
mental conditions, frequently will approximate 600 tc 700 mm per season
( , ). From the standpoint of serving the largest possible area with
wvater rufficient for maxinum producticn, a relative water supply (RWS)

nistration

.--..

value approaching 100: would be desired. From the project ndmin
point of view, recognizing both on-farm distribution problems and timing
difficulties in delivery administration, an RSW value of approximately
1407 at the farm level (usually about 200% at the point of divercsicn),
frequently is considered optimum. From the farmer point of view, however,

the desired level may be as high a3 300%. Thus, three different attitudes

toward this critical variable may prevail, as depicted below.
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If a project 1s designed with an RJs Value significantly less than
250%, special attention must be paid to the encire delivery process, in-
cluding both the physical and institutional aspects, to minimize conflict
situations,

2, Average Parm Size,

While this variable has obvious relevance to the economic subsystem
congiderations, it is alco a physical variable with major implications
for irrigation decisions, In general, the smaller the farning unit, the
largor 1s the amount of information nehessary to design a project poten-
tially satisfactory to the farmers; the greater is the infrastructure
requirement; the more complex is the project operation; and the greater
is the mainte¢nance requirement,

3. Proportion of Ceruinnd Area Which is Irrigable.

This variable, while important for efficient operation of wet season
supplemental irrigation projects, becomes especially critical for projects
with major dry season irrigation objectives, The primary physical factors
affecting this varfable usually are soil characteristics and topography,
As the proportion of the command area which is irrigable decrea®ts, the
difficulty of mecting individual farmer neceds increases, necessitating
a higher RVS for effective service,

4, Control Capability,

The control capability variable reflects the project capability to
control the water from the point of capture (reservoir, river or well)
to the point of end use. Based on the responsibility for control, this
variable can be subdivided into two subvaricbles, Project Contvol Capa-
bility and Farmer Control Capability. The variable consists of a complex

mix of physical components (density of channel distritution, type and

4



- 15 ~

relative frequency of control structures, percent of channels lined, etec.),
with important interrclationships with economic and social varizbleg. At
this time the ccmponents of the corirol capability variables and the quan-
titative interrelationships are not defined.

5. PReduction in_Catastrophe Frequency,

Objective measures of the frequency of catastrophes caused by drought,
floocs, typhoons, etc. can provide indices of the effects (1f any) of a
proposcd project on the prohabilitics of such events. Thus, the variable,
Frequency After Project/Frequency Before Project, combined with the abso-
lute values of the Frequency Before Project, i8 zn important indegvof
probable project utilization. If the catastrophe frequency is high
before project development and the ratio is low, as might be anticipated
in an irrigaticn=fiood protoction project, a high rate of project accep-
tance and util{zation would be anticipated. On the other hand, 1f the flood
frequency is high and unaffected by an irrigation project, relatively
greater problems of irrigation utilfzation could be expected, If the
project increases the possibilicy of catastrophic events (unlikely, but
possible) relatively low acceptance and utiliz ation levels might be

expected.

Variables of the Biological Subsystem

Because of the nature of our individual specialities, we have treated
the social, economic and physical subsystems in greater detail than we

are able to treat the biological subsystem, Without attempting to specify

their preciee form, we indicate below the general nature of the variables

of the biological subl.systen which we believe to be eritical to the degree

of success of an irrigation project,
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1. Increase in yield potential,

Irrigation projects frequently permit farmers to grow new varieties
of the same crops that they had previously grown. In such cases, the
larger the increase in yields the more probable is the utilization of
irrigation water. We recognize that there are both conceptual and
practical problems in measuring yield potential, Probably the increase
in yields should be estimated both under optimum conditions for plant
growth end under conditions expected to prevail on the farms in the
project area.

2. Yield variability,

In any given year, yields will fluctuate from locale to locale within
the project area; furthermore, average yields for the project area will
flucruate from year to year, It can be expected that for any given average
yield, the larger are these relatively unpredictable variations, the more
difficulties will be encountered in the utilization of the project,
3. Input requirements. | |

Achieving the yield potential of irrigated crops generally necessitates
the incrcased use of inputs which cannot be produced on the farm, most
notably, fertilizer and pesticides. The larger the amount of these inputs
required, and the less previous experience that farmers have had with them,
the less is the likelihood that farmers will make full utilization of the
irrigation project. Different varieties of a given crop frequently exhibit
considerable differences with respect to the levels of these inputs required
to achieve their yield potential, For fertilizer, this variability among
varieties may be indicated by the ratic of the yleld potentizl divided by the
quantity of nitrogran required to achieve the potential., For pesticides, the
differences among varietfes are directly relatud to gcﬁetic al fcrénces

affecting resistance to insects and discases.
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4, local availability of required technology.

biological
The large varfation in conditicns even within a reclatively

small geographic area generally necessitates considerable local testing

and adaptation of new technology such as new varieties or new cropping
patterns. Where this type of testing hés been done, and locally tested
technology is thereforc readily available, fewer problems shtould be
encountered in the utilization of the irrigation project than in cases
where the available technology has not yet becn adapted to local cenditinns,

5. Pest mopulation,

Irrigation projects frequently result in conditions favorable to the
spread of organisms harmful to plants and animals., In some cases, human
health may be affected, as in the case of an increased incidence of mo-
squitos or of snails linked to schistosomiasis, Carcful consideration,
both in the pre-construction design stages and in the operation stage of
an irrigation project should be given to these negative effects of the

project,

6., Hetercgereity of the biological envirornment,

.-

The greater the number of varieties :and types of crops grown, the
greater is the heterogeneity of the biclogical environment of agricule
ture. Irrigation projects may lead to decreased heterogencity i€ they
result in 2 decrease in the number of varieties grown with no change in
the number of crops grown, This has frequently happened in the case of
rice MCNOCUltUTe areag, If a larger number of different crops are grown
as a result of an irrigation project, the heterogeneity of the biological
environment has bcen increased, A heterogeneous biological environment
places greater demands on an irrigation project, since different crops
require water at different times. Cn the other hand, insect and disease

problems may be reduced in a heterogeneous envircnment,
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Interactiors arang the variables of the four subsystens,

In the above discussfon, we have attempted to 9epafate, for analytical
purposes, each of the subsystems and consider the varfables in it. But in
reality all of the variables are interacting sinultaneously ag part of the
total agricultural system, Thus the value taken on by one variable depends
on the values of all the other variables, which in turn are affected by the
value of the first variable. No one variable or subsystem can be considéred
to be "basic,'" nor can a single direction of causality among the variabl.s be
agsuned, This can be i{llustrated by the following composite exanple of a
lowland irrigation project in the Mekong region. |

A casual oberserver notes that ditches forming the minor distribution
network of the irrigation project are in poor repair; that few crops are
being grown in the dry season; and that in the wer season most farmars grow
traditional rice varieties using traditional cultural practices. Irrigation
project officials note that farrers are unwilling to dipg and maintain the
ditches. They also point out that many farmers allow their water buffalo
to damage the banks of the canals of the project, and that some farmars
deliberately destroy the banks to obtain water. They complain that fow
of the farmers seem willing to use the irrigation water which is availe-
able in the dry season, and that most of those who do engage in dry season
production demand excessive quantities of water, wasting a great deal of
water which runs off their land and onto low areas where it is not desired,
The agricultural extension officials note that the farmers are very slow to
adopt new technology. The program to introduce improved varieties of rice
has nnt bzen very successful, in spite of numerous demonstration plots
showing the superifority of :hese varieties. Efforts to encourage farmers

to use frctilizer have also met with only very limjted suceess., Farmers
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point out that water is often not available when they need it, One farmer
recalls trying to raise a dry secason crop a few years ago, only to see fit
die when the main canal was suddenly closed for repairs at a critical time.
Another fu_.ier says he has difficulty in obtaining enough water to grow a
dry season crop because the turnout on the canal is too high, Many farmers
fecel that the government should be responsible for maintaining the ditches.
Cae farmer notes that he cannot get water because his na2ighbor will not
allow him to dig a ditch across the neighbor's field, Several farmers state
that fertilizer is too expensive for them to afford it.

Infersnces regarding the values of a nunber of the critical va?iables
can be drawn from the example., The fact that farmers a3 a group are unable

oriunwilling to dig and maintain the ditches suggests an inadequate degree

of interdspondence in social organization, and a low level of social control.

The delilerate destruction of the canal banks by the farmers, and the addi-
furthor
tional damage caused by their handling of their water buffalo/demonstrate

the inadequacy of social erntrol with respect to both norms and sanctions.

The closing of a canal for repairs at a time when some farmers were expect -

ing water deliveries indicates inadequate comrunication patterns between
farmers and project authorities, and perhaps also among project authorities.
The digrepair of the minor distribution system and the difficultics en-
countered by some of the farmers in obtaining water for dry season erops

suggest low values for the control capability and relative water supply

variables. The complaint of the project officials regarding the wasteful

use of water by the farmers sugsests both low control capability and low

levels of knouwledge and_skills with respect to irrigated agriculture, The

lack of interest in dry season production, and farmer comments abous fer-

tilizer prices sugjest that the profltability of Lrrigated cropping may

be rather low, and that the financfal risk ie rather high, The vield
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poteniial of the rice varieties grown in the wet season is rather lqw, and
while higher yielding varicties arec available, the gguﬁgllggyiiggggggg may
be too high to make them attractive to the farners under the existing pro-
fitability and risk sftuations.

Many of the interactions among these varfables should now be readily
apparent., The inadequate interdependence in social organization and the
low level of social control both lead (through the deterioration of the
distribution natwork) to a reduction in tho control capability., This in
turn leads to a lower value for the reduction in risk variable, which
lowers the average profitability of {irrigated cropping., This in éurn
discourages farmers frem utilizing the irrigation water for the production
of high yielding varieties, with their high input requirements and the
associated high financial riek. But the interaction among these variables
is not a gimple-orne-way causation process, The fact that ‘profitability
is low and that water deliveries are unreliable makes it more difficult
for effective social control and intexrdependent social organfzation to be
established, because farmers.may feel that it is not worth the effort to
organize to maintain ditches that do not seem to provide a reliable source
of water. Furthermore, given the low yield potential of the varieties
which the farmers are currently prowing, the improvement of the water
supply resulting from better maintenance of the ditches might have little
effect on yleld (and thus on profitability), therby further reducing the
incentive to develop an improved social organization, Thus while pro-
fitability and reliability of deliveries "depend" on the effectiveness
of social control and social organfzation, these latter in turn also
"depend” on the profitability and reliability of water deliveries. And
while the varicties greun (and thus the yleld potential) "depend" on
profitability, and on the reliability of water deliveries, these in turn

"depend" on the varieties grown. It is in this sense that the variables
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of the four subsystems are interacting in an interdependent fashion, and
for this reason the four subsystems need to be considered together in an

integrated fashion in the design process.

DETERSCNING TIE INVTL FOR TRANSFERRING CONTOL RESPCNSIBILITY TO TH:S FARVERS

Irrigation projects generally involve the storage or diversion of
water at a dam or puwaping facility, and the conveyance of this water to
individual farm fields, Project authoritleg generally have responsibhilicy
for the control of the water at the point of diversion or storage, while
farm operators arc responsible for control over the movement of water on
their individual farms, Thus at some point in the conveyance of the

water there must be a transfer of the major control Tesponsibilities from
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the project authorities to the farmers, Becaude several alternative possi-
bilities exist, 1t is necessary that fairly early in the detajiled design
stage of the project, a policy decision be made regarding where in the
conveyance network this transfer will be made. In this section of the
paper, we consider the nature of the alternatives available and examine

the implications of our systems approach for the policy decision which

zust be made,

Alternntivn evels for tha transfer of certvol,

In examining the alternatives available, w2 are concerned with the
nature of the units within which control over tha distribution of Ehe
water 13 to be exercised wainly by the farmers, In this digcussion, we
refer to these units as "levels" of water control,

1, Individual farrg,

In the contaxt of the Mzkong basin, this alternative requires central
projuct control of tha water to units which are typically two to four hec=
tares in size, Such a design would necessitate the uge of very substantial
soveranment resources for the construction, operation and maintenance of a
vast canal network., It would also require a complex information systen to
inform project managers of the water needs of individual farmers. On the
other hand, the project would require virtually none of the resources of
each individual farmer, apart from those required for managing the distribu-
tion of water on his own farm,

2, Ditch,

As an alternative to centrally controlled deliveries to the individual farn
units, the project could be designed for central control over the water only to
the point of turnout from.a lateral or sub-lateral into a diteh. Although the
lenstss of tha ditehes would vary from ene projeot to another, in the Makong

basin ona ditch would typically gerve an area of 20 hectares or more. Thus
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probably at least 10 farmers would share the responsibility for the distriba-
tion of water among themselves, This level of water control would place much
less of a burden on governmant resources, but projeet succeas would depend
more heavily on the ability and willingness of the beneficiaries to organize
themgelves and to mobilize their own resources.

3. Sub-lateral,

A project could also be designed for central control of the water to
terminate at the head of a sub=lateral. Again, the size of the arca served
by a sub-lateral would vary both euong projects and within a single projece,
but woul2 probably be on the order of from somewhat less than 100 hectares to
a few hundred hectares. The "service units" which NEDCO has proposed for the
improvement of water control facilities in the Central Plain of Thailand would
fall into this size category ( ). This level further reduces the burden on
the resources of the government, but again increases the demands on the pro=-
Ject beneficiaries.

4. lateral,

Finally, a project could be designed for central water control to ter-
minate at the head of a lateral, Corresponding roughly to the "zone! of
irrigation projects in Thailand, the area served might range from nearly
one thousand to several thousand hectzres., The several hundred farwers in
the area would have the right to a specified amount of water delivered to the
lateral, and the regponsibility for the distribution of this water among them-
selves, By transferring to the farmers the major regsponsibility for the con-
trol and distribution of the water at this level, the government would minimize
the burden on its oum resources, whlle maxinizing the burdon on the resources
of the beneficiaries.,

The Critien) Variablaa o~4 the Cheien pana the Tone Alteraative Invels

Having identified the alternatives available, we are now in a position
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to examine systematically the implications of different values of the
critical variables for the design decision regardiag the leven of the
transfer of water control., For cach of the critical variables, we at-

tempt to Indicate, in qualitative terms, the type of values which suggest
that ma‘or problems in the utilization of the project can be anticipated
with at least one of the four alternative levels, We also indicate the

types of values which, because they do not result in any particular ad-
vantage or disadvantage to any of the four alternatives, place no constraints
on the design decision,

1. Social variableg,

The greatest complexity of role atructure among the fa-mers would be

required for a project designed to transfer responsibility to the farmoarg

at the level of the lateral, while a transfer at the individual farm level
would prohably necessitate the least complex structure. In many caraes the
role structure required for operation at the ditch level nignt be similar

to that existing prior to the irrigation project. Considering the complexity
of role structure among government officials, however, we find that by far
the greatest complexity would be required for a project designed for indi-
vidual farm deliveries, Substantially less complexity would be involved if
the project were designed for transfer of responsibilities at the ditch
level. We therefore concluda that from the point of view of complexity of
role structure, a project designed at either the ditch or sub-lateral level
would have the greatest 1ikelikood of succzes, A similar conclusicn energes

with respect to the int.xrdopendence in social ormanization, For the farmers,

the required interdependence is least for a project designed to deliver to
the {individeal farm, and Is greatest when responsibility Is transferred at

the level of the lateral, But for the governmant. officials, a project

T
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designed to deliver water to the individual farm requires a great deal of
interdependence both among Individuals and among separate government agen-
cies. This interdependence is created by the necessity of obtaining, on a
continual basis, a vast amount of information on weather, crop and soil
conditions and on cropping plans from the large numbexr of individual farms
served by the projcct, anl then translating this information inte a form
thzt can provide the basis for making operational decisions regarding the
distribution of water throughout the project.

If cultural cohesion is high, no constraints are placed on the project

designers. BDut 1f there is only weak cultural cohesion, it is likely that
a project designed at either the lateral or the¢ individual farm level will
encounter serious problems. A project designed for central project control
of water to the individaal faria will encounter difficulties because of in-
concistencies between the goals of the project authorities of the farwers,
and because of a lack of confldence among farwers in the reliability of
performance of the project authorities, and vice versa. Similarly, the
farners' lack of confidence in each other mitigates against a project de-
signed to transfer to them the responsibility for the distribution of water
to the entire arza gerved by a lateral of the project.

With good communication patterns, no constraint is imposed on the

projec: designers, but if communication is inadequate, projects designed

for the individual farm level and for the lateral level will probably en-
counter the greatest difficulties, The greatest neced for two-way communi=
cation between farmers and project officlals occurs in the casa of a project
desipcad to control deliveries to the individual farm, . Without adequate

coinuunication, it is virtually impossible for such a project to be successful,

9

3



But a project designzd to transfer responsibilities at the level of the
lateral places considerazble demands on the communication patterns arong
farmers, If these patterns are 1nadequate, it is likely that such a project
will also cncounter serfous difficulties, We therefore conclude that Ln-
adquafe comminication patterns tend to restrict the design options available

either :
to/thz ditch 9r the sub-lateral level.

As with the previous varizbles, if social control is ada gate, no cone
P ’ )

straints are placed on the designers of the project, If social control is
weak, a project designed to transfer control at the level of the iateral

is likely to encounter serious problems, as the farmers have not developed
the degree of confornity in their behavior necessary to equitably distribute
the water arong themselves, This problem will also oxist for projuects de-
signed to pive farmers contrel of the distribution at the sub=lateral and
ditch levels, but it will be less serious, as social control is likely to

be stronger among small greups of farmers wio know each other and can there-
fore apply informal sanctions. For projects designed to control water to

the individual farm level, serious problems can again be expected if soctal
control is low, The reason for this is that to be successful, such a project
requires a vast network of distribution channels and structures which are
operated by the project authorities. With poor social control, it is very
likely that many of the structures would be damaged or destroyed by the
farmers, making them functionally inoperative, Thus, as was the case with
all the other social variables, the constraints imposed by unfavorable values
cof this vuriable tend tc favor the ditch, and to som: extent, the sub-lateral

levels for the transfer of control responsibilitfies to the farmers,
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2. Economic variables,

Most of the constraints con the design imposed by the economic variables
operate through their effects on the value of irrigation water to the farm
operators., If irrigaticn water has a high value, no constraint {s imposed,
If, however, irrigation water has a low value to farmere, we can anticipate
that the likelihood of effective utilizatfon of the water will be greatest
when the demands on the rercurces of the farmers cre the least, Considering
only the influciizce of the lcs value for voter, thr greztest problems are
likely to be encountered with the "lateral' level of control, with somewhat
lesger problems at the sub-laterasl and ditch levels, and with the least
problems at the individual farm level., (As in noted in the discussion of the
social and phycical variables, however, there are many other reasons to expect
probless at the individual farm level,)

Iret feur of the ceritical econonic variables identificd above

7NN
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a2-<feet the value of irrigation water. If land is plentiful relative to

labor (i.2,, the land-labor ratio has a large value), the individual

farm family will have both lcss ability and less need to farm the land
intensively than in situations where land is scarce. Irrigation water,
which permits the intensification of land use, will thus have a relatively
low valuc when the land-labor ratio fs high, Similarly, the lower the
profitability of irrigated crop production, the lower will be the value

of irrigation water, The higher the opportunity cost of the family labor

needed to engage in irrigated agricultural production, the lower the
value of irrigation water. Finally, if there is a large increase in

financial risk, the value of irrvigation water will be lower than if

there is no increase in financial risk., To summarize, high values for
the lsnd-labor ratio; low values for the profizbility variable; hich valucs
for the opportunity cest variable and high values for the financial risk

variable all mitigate against a project decigned to transfer control



at the level of the lateral, and toward a project designed to deliver water

to smaller units,

Low levels of knowledere and skills for irrigated agricultura will also

tend to favor a design decisioua in the direction of the individual farm
level. 1In part, this is because with a low level of skills, the irrigation
water vill have less value to the farmers., More important, however, is the
fact that with a low level of skills, the farmers probably will be unablé
to orpanize and urndertake the activities necessary to Cistribute the water
anong themselves, This would be especially true at the lateval and sub-
lateral levels, The last of tne critical economic variables isbthe level

of government ¢ penditure for operation and maintensnce of the project., I1f

the amount of roney per hectare which the govermment 1s willinsy or able to
budget for the operation and maintenance of the project is small, then
clearly the individual farm unit level is inappropriate. Th2 swaller

the ancicipated value of this variable, the larger should be the gize of
the unit at which control responsibilities are shifted away from the
governaent.

3. rhysical variables,

Both low and high values of the relative water supply variable place
constraints on the design decision regarding the transfer of contyrol,
while values in the range of 250 to 350 place no significant constraints
on this decisiem., At levels of the RWS belcw 200, conflicts are likely
to arisc a?ﬁg? farmers regarding the distribution of water. We hypothe~
size that /larger the group of farmers attempting to distribute the water
among thomgelves, the more serious these conflicts are likely to become,
While the individual farm units might therefore app2ar to be th2 logical
transfer level, mijor cosmunicatlions and control preblens inhocent in

dealing with the myriad of small farmers in a situation of a 1imited
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water supply suggest that such a project would also encounter serious
problems, We therefore cenclude that low levels of Rus would constrain
the designer to the ditch or possibly the sub-lateral level. If the

KI/S 18 above 400, we suggest that control at the sub~lateral level would
be appropriate, The nalor problem here ig one of excess vater, foi which
some form of control at the lateral would be appropriate, At the ssme
time, there frequently will be periods of more limited supply, for vhich
smaller group action would be appropriate,

Small values of the averace farm size variable place a constraint on

the control transfer decision. When the average farm size is less than

5 ha,, it becomes impossible (under the conditions in nany partas of Asia)
for the central project suthorities to deal with individual farmg, It
alsc becemos very difficult for the farmors served by an entire lateral

to manage the distribution of water, due to the very large number of
farmers involved, 1Thus if, as is typical in the Mekong region, the aver-
age farm sizc is two to four hectares, a project designed to transfer
responsibility at the ditch or sub-lateral level would appear to offer the
greatest promise of success,

It was indicated earlier that, in general, as the irripgable proportion

of the project cormand area decreases, the constraining aspects of the

variable tends to increase. Since the factors affecting this are primarily
physiographic, an approxi{mation of a reaconably homegeneous physiographic
unit would be a logical upper limit to the size of the area for which
control rosponsibilities are transferred Lo the farmzrs, For the Mkong
region this might vary from the ditch to the sub-lateral level, thouzh in

delta axcas, the lateral level nigat fall in this category.
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A high degree of control capability places no direct constraints on

the decision regording the transfer of control, We would emphasize, how-
ever, that under conditions encountered in the Mekong basin, a high centrol
capability (which implies 24-hour water control, rcasuring capability at
the turnout point, relatively rapid flow velocities, cecurity of control
structures, effective two-way communication, scheduled maintecnance, ete,)
is extremely difficult and expensive to achieve, If contro?! capability is
low, a project designed for central control of deliveries to the incividusl
farms can be expected to encounter very major probl.oms, Projects designed
to transfer responsibility to the farmers at the level of a lateral would
probably also encounter serious difficulties because of the many conflicts
arong farmers that would be likely to arise. We therefore conclude that a
low control capability tcnds to suggest prejects designed to transfer re-
sponsibility at the ditch or sub-lateral level.

The effcet of the final physical variable, reduction in catastreche

freauency, is similar to that of the economic variables in that it operates
through its effect on the value of irrigation water to the farmers., 7The
less the reduction in catastroph ¢ frequency, the less will be the vzlue of
the irrigation vater to the farmer, making him less willing to bear the
greatercosts associated with projects involving substantial farmer responsi-

bilities for the distribution of the water,

O
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4, Biolopical varfables,

The first five of the critical biological varifables impose constraints
on the design decicion mainly through their effect on the economic variables.

A low value for the increase in yield potential will tend to lower profita-

bility. A high degree of yicld variability reduces the value of irrigation

water to the farmer, because of the increased risk of a pooil crop., 1f the

input requircuents for achieving the yield potential are high, then a con-

siderable reduction in yield, and thus profitability, can be expected if these

inputs arc not used. Again, lack of locally tested technolosy will result

in lovered profitability. Increased pest _porulations over time will also

reduce profitability, either through lower yields or through higher costs
of control. All of the above constraints would therefore tend to mitigate
against the lateral design level and toward the srallsr units,

Considering the final critical variable, a heteropencous biolerical

envirennent Implies that many different types of crops are grewn at the
same time, Since different crops have different irrigation requirements,
particularly with respect to the timing cf water deliveries, it would
probably be difficult to obtain csatisfactory results 1if responsibility

for the dictribution of the irrigation water for an entire lateral were
turned over to farmers, On the other hand, with diversified cropping,

a vast amount of information would be required by the project authorities
to successfully operate a project designed for central control to individual
farms, Recognizing the difficulty of obtaining such information, we con=-
clude that cither the ditch or the sub-lateral level would be rost appro-
priate with the heterogenesus biological environment implied by diversified

crop production,
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Evaluztion of the Alternativa Levels for the Transfer of Control

At this point it should be clear that a detailed evaluation of the al-
ternative levels of control for any given irrigation project requires the
collect 'on of data from thg specific project area in order to evaluate the
critical variables in each of the four subsystems which we have discussed,
The ultimate design decision regarding the level at which control respon-
sibility 15 transferred would thug be specific to the project being con-
sidered, and could be expected to vary fron project to prcject., Ve believe,
however, that from our previcus discussion of the effects of the individual
ceritical variables it ig possible to draw some gencral conclusions'which
would be applicable to mogt irrigation projects proposed for the Mckong
basin,

The first alternative (proyiding Project control of the water to the
individual farm) should,_1f_nggggg}yhrgg;;gg, result in a satisfactory situsz-
tion with respect to the quantity, timing, and reliability of water deliverics
to the individual furms, Yields, therefore, should not be adversely affected
by lack of water, unless ' ere is a shortage of water throughout the entire
irrigaticn project, The farmer will not have to spend time maintaining the
distribution ditches of the project, and thus the énly labor requirements
which he needs to consider are those of producing the erop itself and of
managing the distribution of water within his own farm. Hig profitability
calculations will be affected by the charge that he has to pay to the
irrigation project for water, and by any costs which he has to incur to
lift vater from one field to another on his farm. If there is no charge
for the water, the benefits to the Individual farmer from thig approach
should be quite high, and the costs low. If a water charge is impesed,

part of the bencfitec will he transferred from the farmer to the government,
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(The total benefits may also be increased as a result gf the imposition
of a charge for the water, dus to more econordcally efficient use of the
water,) But while benefits are high, and farmer costs are low, the coets
to the government of properly managing such a project are very high, Be-
cauce the only resources of the farmers that are robilized are those of
labor and skill in the production of crops, the government rust provide
all of the remaining resources required to make the project operate suc-
cessfully. The governsont will have to build and raintaln a comwplicated
network of canals and ditches. Thig requires mich detailed inforration
on local conditions which the goverrnment generally does not posse;s. Thus
skilled people must be gent out to the various parts of the project area
to gather a vast amount of information. The need for information will rnot
end with the completion of the construction phase of the project. In
order to operate the project and provide water to the individual farmers when
they need it, the govemnent must have a complex network to gather informa-
tion, The people who wust be recruited for these tasks have a high oppor-
tunity cost to the society, given the shortage of professionally trained
people in most low income countries. The total cost to the society of
this alternative will cherefore be quite high,

Compared with the first approach, the alternative of controlling che
distribution cf water only to the ditches results in conditions which
are less favorable to the farmers in several regpects. First of all,
the timing and reiiabflity of water deliveries to the individual farms
arc likely to be leass satisfactory. Second, the labor requircuents will
be greatur since the. favmer will have to participite in the censtruction,
operation, and maintenance of the distribution system between the turnout

of tie project conzl and the {viividucl furzis,  Third, extra cash coste

b/



may be encountecred, as it may sometimes bec necessary to pump water from -
the ditch cnto a farm field, or from the field of one farmer to the field
of another. Fourth, construction of ditches requires different skills

ehan are necded for the production of irrigated crops. Initially the

lack of expérience in constructing and maintaining ditches may recule

in structures that are only partially effective. Finally, in censtructing,
op:rating, and waintaining the distritution system, farmers vill cnccunter
problcnis of rights of way for the ditches., 4ud becnuse soue foriars vwill
have to depernd on veceiving w.ter from (or draining water ento) a nuighe
boring field, questions of water rights will also be raised. The ability
of the farmers to satisfactorily deal with these types of problens depends
in part on the varizbles of the eocial subsystem. If these problems cannot
be resolved satisfactorily, the quantity, tinming and reliability of water
received by the individual farizrs will bte seriously affoected, leading in
turn to higher risk and lower profitability.

Congidering these less favorable conditicns at the farn level, it is
likely that the benefits received by the farmers as a result of the irri-
gation project will be less than in the case of the first alternative. It
is also clear that the farmers, through greater utilization of their own
resources.in the construction, operation and maintenance of the project,
will encounter greater costs than in the previous case. The government,
however, would find its costs considerably recuced, since it no longer
must concern itaelf with such a.complex distribution system. In parei-
cular, the rcquirement for detziled knowledge of highly localircd nceds
arud couaditions would be reduced,

The third alternasive, that of centrally controlling water deliveries
only to the sub-laterals results in even lover costs to ghe govurnn:ﬁt,

as more responsibility for the distribution of the water is passed on

bl
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to the farmers, The effectiveness of the organization of the farmers ig
even more important than in the previous alternative, It is also more
difficult to achicve, eirce the nusler of farrcrs involved 1s larger,
With the larger number of farmors invelved, aud the possibility that
rotational irrigation wmay have to be introduced, a cash contribution
may be required to purchagse the services of ccmeone to help manage the
distribution of water and to help cettle disputes arong the farmers,
This of course affects both the profitability and the financial rigk.

With the final alternative, in which the dictritution of the water
from an entire lateral is the responzibility of the farmerse, costs to
the goveramunt are reduced even further. Although the organization of
the farmers remains at least as important asg in the previcusalternative,
the techrical chills required for the management of Lhe water arn nesw
definitely greater than the skills of the farmers., It is, therafore,
ro longer possible to rely only on the experiential knouledpe of che
fanners, Specifically, it would be necesgary for the farmers to hire
someone with formal professional training in water managcment skillg.

The discugcion thus far suggeste that ag the size of the unit of
farmer control ig increased, benefits decline (especially as the scale
is increased from individual farm delivery to ditch delivery); govern-
ment costs decline; and farm costs increase. These relationships are
ghown graphically in Flgure 1I-2. One question not yet dealt with 1is
that of the magnitude of total costs asg the level changes. As indica-
ted in Pigure II-2, we believe that total costs would generally decline
rather sharply as the level of central control shifta frca fndividual
farm deliveries to ditch deliverice., A small furtl-r reductien {n

coct mizht Lo achfcvad at the level of the frbelateral, althauch this

is more questicuable. We bLelieve that there would be lictle change

in total cocts between the levels of control represented by the

b3
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Figure II-2

Relationship of Benefits and of Costs to Changes 1n the Level of
Benefite Central Control in an Irrigation Project
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3 = central water control te the gublateral
4 = central water coentrol to the lateral
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sub~lateral and the iateral.

The decrease in total coste between the first two aICernaciveé
implies that the decline in government costs would be greater than the
increase in farmer costs. There are three reasons for expecting this
to ke the case. First, farrors would be utilizing an existing resource
(expericntial knowledge of lecal conditions) in performing the tasks
fnvolvad 4n the distributicn of water among a greup of farmers along
a diteh. By contract, tha governwent wyould have to crente this know-
ledge arong its trained persennel in order to effcctively carry out these
sace tagks, In effect, the government would be going to considerable
expense to duplicate existing knowledge, Second, the governuent would
have to bear the cost of suparvising personnel scattered over a wide
area, Yarcors in each locality, on the other hand, can undertake the
work vith & ninirin of supervision, Finally, casidering che corets
fren & national production viewpaint, farm labor used during the off
scagon {or the construction and maintenance of the irrigation ditches
may very well have a rather low opportunity cost. 1In effect, under
the second alternative, farrors may choose to give up some leigure (or
to give up more leisurely ways of working) to participate more inten-
sively in the production process. Thus resources are being vtilized
at little or no cost in terms of foregone production,

As the size of the unit within which farmers distribute the water
is progressively enlarged, fewer possibilities exist for the utflization
of regources with a low opportunity cost, This ig particularly true as
the level shifts from that of a sub-lateral to that of a lateral, 1he

skills requived to manage the distribution of water amdng faraers soroved
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by a lateral are no longer skills which the farmers have or can easily
obtain, Professioaally trained technicians (a high opportuaity cost
resource) are required, The mafn effect in moving from the third to

the fourth alternctives 18 to transfer the cost of hiring and super-

vising thege technicians from the government to the furrers' orpanization,

Thus we have no reason to expect a significant difference in the total
cost of these alternatives,

Since both the beuafit eurva and the total coat curve in Figure
II-2 cxhibit the samz genaral skape, it is not imam:diately clear that
any on: of the four alternatives is either fupzrior or inferior to the
others, Wz believe, however, that two addirional peints can be made
in the evaluaticn of these alternatives, Figure I1-3 is presented to
facilitate the discusslon of thene prints,

Ve belfeve th-t ia roax tttuations, project coatrol of water to
the individual fayn would, because of its extremely high costs, prove
to be an uneconomic use of resources. This is indicated on Figure II-3
by the costs exceeding the benefits, and by the hypothetical benefit-
cost ratio of less than 1.0, Assuming that one of the developrient
objectives stated in the design process i8 an economlc use of resources,
then in our judgarcnt, this firgt alcernative would in rost cacses, have
to be eliminated from consideration.

The z2cond point 1s that subsiantfal variation in the level of bene-
fits can be expected for each of the remalning three alternatives, de-
pending on the values of the variables in the social subsystem, This
is indleated on Fipure 113 by the two alternate benafit -linns., The
line labelled Situaticn a represents a situztfon in which the social

organlsation of thn fatiera 13 very weak, co that 1t 45 Jdifffcull or



Figure 1I-3

Hypothetical Benefits and Costs at Alternative Levels of Central
Control in an Irripation Project
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impossible for the farmers to deal effcctively with the problems of
managing the distribtution of water, If it is impossible, for exumple,
for the farmers to agree on rights of way for the ditch, there may be
only very limited wet season benefits and virtually no dry season bene-
fits tesulting from the irrigation project. In such an unfavorable
social climate, it {s unlikely that any irrigatioﬁ project, regardless
of the level of central control, would be econcmic, 7Thls is indifcated
by the hypothetical benefit-cost ratios of less than 1.0 for all of

the levels under Situation A. If, on the other hand, an effective
geocial envirovmant develops to deal with the problems of managing the
irrigation project, then the benefits can be expected to be much higher,
ag indfcated in Flgure TI-3 by the benefit line labelled Situation B.
Since it {8 assuvazd that there are some cogts, both to the farmers and
to the govermment, in the development and maintenance of an effective
soclal environwent, the total cost of the project is indicated in
Figure 1I-3 to bc somewhat higher for Situation B than Situation A

But the modest investment in an fmproved socfal climite is much more
thau offset by the higher benefits, resulting in favorable (greater
than 1,0) benefit cost ratios for the last three alternatives under
Situation B, Because of the increasing difficulty of organizing
farmers as the eize of the area within which they musc distribute the
water increases, it seems likely that the costs of developing and main-
taining an effective social environment will incrcase as the slze of
the area increases to units involving several hundred farmers. It is
probably also correct to state that the 1ikelihood of developing an
effectlve social organization decreases as the level of central water
control shifts to that of a lateral. We, therefore, believe that tha

fourth alternative would seldom be optimal, This is {ndicated on
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Figure II-3 by the lower benefit-cost ratio fur this alternative as com=
pared with the second and third alternatives. We conclude that for the
M:kong basin countries, the ditch or sub-lateral levels of design are
likely to be the most desirable.

In comparing the ditch and sub-lateral levels of control, we believe
that the most important coneiderations are rot those ascociated with iden-
tifying the precise optirun c¢eedipu.  Rather, emphasis chould be placed oﬁ
those factors nccessary to create a high level of ben:fits (Situation B in
Figure II-3)., Ualess this is denn, the planners may find that they have

developed tho optimal design. for an uneconomic project.

 SUMMALYT AND CONCLUSTIONS

Underlying the disappointing results of many agricultural development
projucts e daflclencies in the proceads by which thece projects are
plonned and dmplewanted, These deficiencies include inzdequate con-
sideratfon of alternatives througliout ¢he desipn process, and failure
to give the same serious consideration to the interacting social, econcuic,
and biological factors iwpinging on the projcct as is given to physical
factors. In Part I we outlined a design process which emphae=
sizes the examination of alternatives, and which provides a framework
vhich encourages explicit consideration of social, economic, biological
and physical factors in the design and operation of the project. In
Part 1I, we illustrated, by developing an example of a single design
deciaion for an {rrigation project, the types of social, economic, "
biological and physical factors that rnight be considered, and how a
systematic consideration of these factors could affect the design decision,

The major points made in Part I are surimarized in the concluding gec-

tion of that part, and nced not be repeated here, Concerning Part 11, we
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wish to empha#ize two points. The first deals with the substance of the
speciffc discussion of the design decision regarding the transfer of
control over the distribution of water in an irrigation project. Our
choice of the case of an irrigation project to illuctrate a design de-
cision reflects our individual field regearch cxperiences both inside

and outside the lMekong basin reglon of Southeast Asfa, aud our identifi~
cation and cxanination of critical varifables etens dircetly from this
expzcrience,  Although we regard thic discussion to be ouly teatative in
nature, with many possibilities for refincment through further empirical
research, we feel that if, in.designing frrigation projects, systematic
conslderation of the factors we have identsfied were made, the performance
of many of the projects would be substantially improved, We therefore
feel that this discussion has importont policy implications fer this
specific design decision,

The second point which we wish to emphasize is that the discussion
in Part 1I ie intcnded to illustrate, through the usc of a single example,
how our systers approach o the exawination of agricultural development
projecta can be applied within the design framework presented in Part I.
A similar approach could be used in developing the analysis needed for
other decisions ia the detailed design stage, and for making decisions
in most of the other stages of the design process, Likewise, the
approach is not limited to use with irrigation projects, but i{s valid

many typc9 of .
for/ agiicultural development projectg. The specific critical variables
ideatiried vould, of course, depend on the nature of the decision being
rade, and on tho type of project being considered. The list might in-
clude some of those fdentified in our example, along with others which
we did not ldentify as being critical to the coutrol deecision for {rri-

gation projects, The point is that the procces of identifying critical
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variables and evaluating the constraints vwhich they impose on the particular

cecision in guestion can be ured in a vwide variety of situitions to improve

the design aud implemeutation of agricultural development projects.
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A Variables of the Social Subsystem

A social system is likely to develop among people who are engaged, how-
ever diversely and indirectly, in some common activities or interests; it is
composed of the interrelationships among the various aspects of their engage-
ment. Farmcrs, cfficials and merchants are diversely engaged with their
natural and social envivonments in a complex ecosystem of agriculture. \e
can discern a social subsystem in the interactions among the aspects of
their engagement, that is, the ways in which the participants act, orient
themselves, relate to each other, control each other, communicate with each
other, and adapt to changing external and internal pressures and opportu-
nities. We consider these six aspects of their engagement as elements of
their social subsystem; and the numerous alternative ways in which they
may manage each element, as the dimensions of variability of each element,
These alternative ways, or variables, may differ (between systcms or
through time) quantitatively or qualitatively. For example, farmers'
patterns of activities could vary quantitatively in the relative amounts
of time devoted to subsistence and to commercial farming; and qualitatively,
in the types of knowledge used and work performed in raising rice compared

to raising kenaf.

Using this approach, we may examine social conditions, such as maintenance
of irrigation ditches in an agricultural system; treat such condition as %he
particular way (from among many alternative possible ways) in which parti-
cipants manage one of the variable dimensions; and express that way as an
alternative value -~ quantitative or qualitative - of one of the varinh®
the social subsystem. We would expect the alternative values of each
social variable to exist in functional relationship with the values of at
least some of the other social variables and with some of the variables
in the other subsystems. For example, we would expect a high degree of
willingness among farmers to maintain irrigation ditches to correlate
with such variables as high mutual trust among farmers to use water
allocations fairly, strong confidence among farmers in the competence
and reliability of irrigation officials, effective mechanisms of communi-
cation between farmers and irrigation officials, high market profitability
of crops grown, high physical control capability oi watcr supplies. and
the like.
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We san thus interpret the current obsewved value of any variable by
assoeiating it with the observed values of other variables in the subsystem
and in the larger system, as in the example above. We would thus derive the
state of the system from the current observed values of associated variables
in the subsystems. We can alse interpret change in the value of any variable
by associating it with change in the value of one or more other variables.

We would thus derive systemic change from changes in the values of associated
variables in the system. However, our understanding of stability or change
of an agricultural system is incomplete. Agriculture is a very open systcm,
and the values of its variables are always vulnerable to complex influences
in the larger natural and social environments. Although incomplete, our
understanding of the complex interactions among variables in the subsystems
can become coherent enough to support better informed decisions on managing

the system,

Given the great number, subtlety and amorphous character of social con-
ditions discoverable in an agricultural system, the identification of a social
subsystem of agriculture could include the formulation of a virtually endless
number of variable dimensions of the six elements listed above. Identifi-
cation of the most erucial variables is possible only by examining the ways
in whieh participants may manage these six aspects of their joint engagement
with respect to some particular issue, The issue examined in this paper is the
implications of transferring control responsibility from an irrigation pro-
ject administration te the farmers at:various alternative levels. The rela-
tively few variables listed below seem the most pertinent ones for our
analysis of the social implications of this issue. Analysis of other issues
would naturally involve other crucial variables, but the six main elements
would probably be helpful in organizing social experience and analysing other

sooial issues,

In summary, we regard the following six elements as the major aspects
of the diverse, differentiated engagement of participants in a social
subsystem of agrieulture; the elements as variable by virtue of the numerous
variable dimensions of which they are composed; and the clements as inter-

related by virtue of the funetional interaction of the values of their
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variable dimensions.

Major Social Elements and Selected Variables

1

Patterns of role activities

a The relative number of major patterns of role activities
for each type of participants.

b The relative complexity of carrying out these major
patterns of activity,

Cultural views and values of participants

a Relative definition of the nature and meaning of agri-
culture, varying from subsistence farming as a way of
life to commercial farming as a livelihood.

b The extent to which rarticipants view the irrigation pro-
Jject as 'belonging' to them -- 1in the sense that they
feel able to fashion or modify their own participation in
the social subsystem.

c The extent of participants' confidence in each others!
competence and reliability in the system.

Role relationships aong participants

a The relative emphases upon independence, interdependence
and dependence in the role relationships among the participants.

b The relative compatibility of established groupings for
mutual help with the new irrigation tasks to be carried out.

Mechanisms of social control

a The relative compatibility of established role norms with
the nevw irrigation conditions.,

b The relative availability of sanctions to provide rewards
and deprivations to Secure compliance with norms appronriate
to irrigated agriculture,

c The relative adequacy of conventional local authority roles
to control or manarge the new collective tasks.

7Y



-4 -

5 Patterns of communication

a The relative complexity of information needed and of its
pProcessing,

b The relative timeliness and adequacy of information exchanged
with participants about the implications of the project,
enabling them to achieve their own interests through their
participation.

6 Institutional adaptability of participants

The relative cmphasis by central government designers, varying
from centralized direction to involvement of local resources
and experience in project planning, construction and operation.

Ye may now consider the social implications of transferring control
responsibility from an irrigation project administration to the farmers at
the four alternative levels discussed earlicr: each individual farm holding,
the farmers and fields served by a ficld ditch, by a small sub-lateral,
or by a large lateral. Ve shall consider this issue by reviewing briefly
the selected variables of the social elements in relation to the different

levels of control transfer.
1 Pa““erns of role activities

The first critical variable would require a simple inventory of the
major patterns of activity of each of the main participants: farmers;
officials (irrigation, agricultural, credit, cooperatives); and merchants
(suppliers of agricultural inputs, buyers of crops, bankers supplying
credit, and the like.) The major patterns of role activity for farmers
during the rice cycle, for example, would include: preparing seecds for
planting, plowing, harrowing, Planting seed beds, transplanting, managing
available water, inspecting, controlling pests, harvesting, threshing,
storing and the like. Ve would add similar patterns of seasonal activity
for other crops, tending animals, and subsistence gathering activities.
By interviewing and some observation, we would derive similar inventories
of major activities of the different types of officials and merchants

concerned,
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These inventories of main role activities of the participants become
a general variable only when we work out (by interviewing. gng observing in
appropriate projects) the relative number (greater or fewer) of role acti-
vities for each participant in the social subsystem at the four alternative
levels of water control transfer. The second critical variable is a
judgment derived inductively from consideration of the relative number
of role activities: the rclative complexity cf these differing number
of activities at the four levels, and the relative difficulty participants
would have in performing them. Given our premise that the social variables
are functionally interrclated, our hypotheses are that 1) current behavior
patterns are already related to a set of cultural vicws and values,
expressed in role rclationships among participants, and supported by
positive and negative sanctions; and, 2) that the greater the change
in behavior patterns entailed in the alternative four levels of control
transfer, the greater the required changes in supporting sanctions,
relationships and values. Participants are especially unlikely to undertake
the real risks of changing occupational patterns of activity without
Persuasive changes in rewarding or constraining sanctions. Discriminating
project design, however, may be able to provide those sanctions to make

the changes in behavior worth-vwhile for participants.

The transfer of water control at the individual farm level would entail
very little change or added complexity of performance in farmers' patterns
of activity regarding handling of water, compared to their previous con-
dition before irrigation; and it would cntail the least number of such
activities for farmers and least complexity of performance of any of the
four levels. Rice farmers have always worked hard to move available surface
water among their plots. If the physical control capability were cffective,
farmers would have more water moving and ditch tending within their own

plots to do, but the abundant water vould provide a very rewarding, positive

sanction. Tarmers would enjoy great improvements in harvests and in security

at the least price in extra work.
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The three higher levels of water control transfer, however, would entail
incremental additions to the relative number and complexity of performance
of farmers' activities. The physical tasks of digging and tending ditches
and moving water are quite familiar and simple to farmers in the Mekong
region, but they have conventionally carried out such tasks on a very modest,
local scale. Although the volume of water to be managed by farmers served
by a ditch would be far greater than anything they had known in the past,
they would probably have adequate incentives from %he water supply and
economic profits. The more difficult tasks of getting and keeping agreement

among themselves we shall treat under role rclationships and social control,

The third (sub-lateral) level would probably, and the fourth (lateral)
level would almost certainly, entail activities of collective decision-making
beyond the <apacitics ang inclinations of most farmers in the region. These
collective activities would be forcign to their ac ‘icultural experience.

They could probably hire staff and tractors to carry out the physical tasks,
but the organizational tasks would require great changes in other elements

of their social subsystem, as we shall sce.

For the routine activities of handling irrigation water, most farmers
in the Mekong region would find the first level the easiest by far, the
second level difficult but within their reach and well worth the effort, the

third level doubtful, and the fourth level quite impossible,

A similar increase of rclative difficulty of performance at the higher
alternative levels would probably also occur though with less intensity,
regarding other regular farming activities such as raising other crops,
caring for animals, subsistcence sathering and the like. The third and
fourth levels would probably entail so much additional, complex duties
for farmers that they would have much less time for farming tasks as those
Just cited. The four alternative levels would probably not have very
different implications for other activities of farmers, such as organizing
in groups in order to obtrin agricultural credit. The greatest increase
in nwumber and complexity of regular activities for farmers would come
between the first level and the others; and the sccond greatest increase,
probably between the second and third levels.

/7 '/’
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For government officials, especzially irrigation officials, the increase
in number and complexity of role activities would perhaps be more steondy
between cach of the four levels; but in the oppositc direction. Irrigation
project officials would have the fewest and casiest duties if they could
hand over responsibility to farmers st cach main lateral. Their tasks become
steadily preatcr as the tronsfer takes Place at lower levels. The relative
number of types of tasks for irrigationr officials would probably not increasec
greatly at the lower alternative lcvels; but these tasks would have to be

performed far morc extensively - requiring a much larger staff of officials.

The suame direciion of incrcasing difliculty of perfrrming duties at the
lower alternative levels would apply to other pgovernment officials (agricul-
tural, credit and the like) bu’ with much less intensity of increase in
difficulty. hey could more easily deliver cxtension advice or credit to
larger groups of farmers at thc higher alternative levels, but their work
might continue to be organized at the village level rather than at alterna-
tive control levels. So tlicy would probably be less affected than irrigation
officials by the choice of alternative levels of control transfer. The
major activities of buying and selling by merchants, whether in urban
markets or village shops, would not h¢ closely affected by the choice of
alternative levels. Thus, only the activities of irrigation officials
would be greatly extended by transferring control at the ditch or individual

farm level.

We have noted that farmers' activities would become increasingly complex
at higher levels of control transfer, but that officials' activitics
(particularly in irrigation) would become more complex in the reverse
direction, at the lower alternative levels. ‘'Y¢ should, howecver, note an
inner contradiction in the nature of irrigation projects: they arc
normally intended to improvs apriculture, carried out by farmers; but it
is officials of the remotc urban clite who make the major decisions shaping
these projects; and the irrigation projccts reflect in subtle vays the
basic viewpoints and interests ol their urban creators. The presence of
an urban bias could make for pressure, in projects where transfer of
water control occurs at one of the lower alternative levels, to make the

project 'profitable' from the urban planners' viewpoint. Onc means would
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be the introduction of highly intensive agriculture, whieh would ironieally
result in increasing the relative numbers and complexity of role activities
for farmers, Thus, the transfer of control ot a lower level could simplify
farmers' role activity patterns regarding water management and complicate

them with more complex modern arriculture,
2 Cultural views and values of participants

Farmers in the Mekong basin have gradually evolved a number of simple,
effective arming techniques in adaptation with the numerous natural and
social cnvironments, some of themn very demanding for agriculture. In the
course of trying to makc a livipg, they have accumulated a loose sot of
cultural interpretations of their own cexperience of reality -- vicws,
meanings and values -- in terms of whiclk they understand thoir particular
environment and orient themselves to appropriate oction. It is generally
in terms of their cultural interpretations that they operate their Tarms;
deal with other farmers, officials and merchantz; comply *to some degree
with common standards of concduct; exchange information; and adapt to
changing conditions. Their cultural interpretations, or definitions,
of thcir own life are a conbination of pragmatic-emotional judgments of
experience too complex or subtlec to be observed or totally understood.

Similarly, officialc and merchants have come to acquirc their own cultural

views, meanings and values, in terms of which they interpret their particular

environments and oricnt themselves to appropriate action. Although normally
invisible, difficult to state concisely and sometimes beneath participants!
overt awareness, these cultural viows and values are influential in parti-
cipants' thinking and conduct, and can be somewhat inferred from their

behavior.

Of the very many cultural views and velues likely to be present wve
consider briefly only three important examples here -- ones which can be

seen as variables with alternative values,
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Qe At one cxtreme, participants, especially farmers, can ropard the
nature and meaning of agricuiture to be fundenmentally o subsistonce vay of
life. At the other cxtreme, they dofine agriculturc as a commercinl under-
taking, dirccted toward monctary vprofit. Probably most farmers in the
Hekong basin where irrigation projects might be built have already moved
at least partially toward sslc of surplus crops.  Dut mort of them, parti-
cularly above the deltn, continuc to resard thoir oun intcerests as centered
around a decent supply of rice and other foods. They would put worec emphasis
upon a reliable crop than upon onc of higher vield but uncertrin surviva
valuc. Qur prediction would be that the freater the subcistence emphasis
emong farrers in an irrircable arca, the less their interest would be in
larper units for control responsibility. {armers vith a strong subsistence
emphasis could sce real gains, in their own terms of survival and security,
in the individual fTarm and nerhaps the diteh unit for control responsibility;
but their concerns with family survival would probably disposc them against
control responsibility at the sub-lateral or laterasl levels. This correla-
tion would often be intensified by the width of the social-cultural-cconomic
gap between urban and rural people in the gsocicty. Parmers who sce officials
as very remotc and threatening would be 1little inclined toward joint control
responsibility at thc upper altcrnative levels, which would likely involve
local and regional officials to n greater degrec. By the same token, sub-
sistence farmers could bec expected to regard most government programs of
agricultural assistance -- credit, modern inputs, and technology -~ with
greater suspicion than commercial farmers; and both types of farmers could
be expected to have morc reservations about such programs (with some

justification) than develonment officinls,

b. A sccond cultural variable, also rclated to the size of the
urban-rural gap, is the manner in which participants, especially farmers,
define the irrigation project in relation to themselves. Ye could treat
their dcfinitions ar qualitative variables, such as numerous alternative
types; and also quantitatively, such as the relative depgrec they regard

the irrigation project as 'belonging' to them -- in the sensc of the
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degrer to whkich they feel able to fashion or modify their own participation
in the social subsystem. This definition of participante is naturally
associated with the manncer of planning, construction and operation of

the project, which we shall cianine under communicrtion below. Cur predic-
tion is that the more farmers were able to identify with an irrigation
project as 'theirs' {(becruse of the way in which central officinls c¢rente

it and local officials prosent it), the nmore they would be able and inclined
to make the unusual cfforts to ormarize conbrel rcespoasibility among
themselves at the higher levels. Converscly, the morce farmers view a projecct
acoe government affair, the morc they would be limited in :heir vision

and motivation %o assumine: responsibility at the individual farm level.
Clearly, the Turmcrs! views in this regard would be closely assccisted

with thosc of officicls. The more officials defined the purpose and
meaning of the project as serving farmers! interests, the wmore they would
reinforce such a vicw among farmers; and this mutual view would strenpgthen
the likelihood of farmers organizing themselves, even at come variance

to their traditional patterns cf orgpunization and jeint action.

C. A third variable is the rclative degrec of participants' confidence
in each others' competence and reliability. Regarding our problem of
altcernative levels of corirol responsibility, the major issues would be
the confidence of farmers in cuch other an® of farmers and of ficials in
cach other. Degree of confidencc in and frem merchants does not scem
signiiicant for our currcnt nroblem, The lepgree of confidence in other
participants is associated witli th- degree of interdependence in role recla-

tionships among particinante, which we shall examine in the next section.

The less confidence farmers hove in the competence and reliability of
neighboring farmers to make irrigntion work, the more they will tend to
favor, and work best at, the individual Tarm level of control. At thc
beginning of an irrigation project, lacliing collective irripation oxpericence,
they must rely on such precedents ns they have, which would generally dic-
pose them toward the individual farm level. If farmers held the conmpetence

and reliability of officials in low csteem, they would probably anticivate
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very few benefitg from the Project and remain pnssive in the face of
their misfortunc, perceived ag beyond theip control, Similarly, if
officials have a 1oy regard for the competence and rclinbility of

farmers to make irrigation cffective, they vould probably prefer the

lover alternative levels, Iv, however, officials have s low degree or
confidence in themselves, they voulq probably favar the higher nlternative
levels. Levels of confidence nre also closcly relateq to rrofitability
and avnilability of human capital in the ccononic subsystem; control
Capability in the pPhysical subsystem; nana increase in yield potentinl

and input requirements ip the biolopicnl subsysten,



3. TFole relationships among participants

The ways in which recnlz deal with sthers reviorning reles in a social
system are usually reflections fmevhaps with sem. disparities) of their views

and values in term: of which thov ovient thomealvaes to their varticipation.

2. A very complex dimencion vartinent to our proklem is tre rzlative
emphases which rarticinents place on inderendence, interdependence, and deprnlence
in their relz relatienshipe,  This issuc includos rolationatine among farmere,
betwecn fammors and officialy, nu4d ameng “ibferont tyres of ¢Zficials. ~elation-
ahips among farmers includes thedir relaticnship to irrigatle land in tl.at tenante
are more dependent and cimer-operatoss are mere independent.

Farm faniiinu oepcrating their own plots, whe have r2lizd on rain water
and on a few mutually sclected kinsmon cn? friends to handlz nealk raricds of
agricultural worl, would have very fow orecedente for colleetive collaboration
Leyond the individuzl f-im level,  Soci+i interd: nendeonco on 2 wider scale hag

“oun limitzd 1n many rural communitics i~ rhe rovion te religious and family

life-cvele ceolebrations. Voot Form Tanilice nave “ependsd on themecelves to run
their farms., Ouwners of neighbering fields tsually agree te rhare reinfall runoff,

at leest in Che sense of ner damaping each zthoer's slots. “uch an emnhasis on
independeace would dispose ther to work best at the individual farn level of contrel

responsibiltity,

The form of village fermers® relationuhin with covornment officizl- is
renerally one of deferene. and saicial distance. Althouph they have not been
dependert on officials for auch cubstantive ascistance in the nast, thev bave beon
dependent on the gorld i1l of officials to avoid mnitive measures or informal
taxation.  Fheir general relaticnsh:ip of derendoree on officials would nrobablv
inbibit to some depree thc capacity of c.other fammers or officials to ccllaborate
in crganizing and running irrvipgaticn contrsl anits of very large size,

The rel. rddationshiips smons roveroment officials would probebly have the

-~
!

oprosite effect, ~ the extent that regiomal officizly are demendent on thedlr
stniors in the capicral 2néd thus net very intorcdependert vith their regicnal col-

leagues from otler minfceries, they would ki unari: te initiace or carry through
¥ y ) X
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collaborative efferts on a great number of irrigation control units needing
varled services. Tecouse of their roelstionshiing and thelr limited staffs, they
would be able to denl better with a small nunter of control urnits, tending toward

the largzer sublateral and lateral units,

bo A particularly important aspect of the tynes and degree of interdependence
among farmers is the comractilility of ¢l :z1ir oun coomcrative groups with the new
tasks to be performe? at the cltorrative loveis ot contrcl. Clesaly reiated is
the issuc of cenventionsl reletionships and unit: of auttority, 4iscussed later
under social contrel, %o the :xtent tlat farmers' own coonerative grovvings tend
toward the following variable types - local rather than repion.:l, informel and

noand friends acguired by each farmer

casual , netnorks of rveciprocating
rather than 'corvorace’ groups all mamlers of which help all others, interdependencs
based on commitment to return reciprocal helr rather than on perienient ‘membership’
== they preovidc or expericntial bzse for organizing irrigation contrel responsi-
bility at the individual farm and perbans ditch lavels, Any collection of farmers
joining in mutuzl help, as in 3sla, anong owners of plots in the same area (rather
than only among relatives and friends) would have 2 sort of 'cormorate’ a&roup with

tho sort of interdependence that would greatly help organizing at the ditch level,

4., techanisms of socizl control

suck: continuity as most social Syctems seem to exhilit results, not simply
from som~ static "tradition' but fromn centinuing use of mechanisme of social con-
trol by the varticinaniz themeolves., The three bosic mechanisme are norms,
standards of cwpected conduct whicl, mest pariiclpants acknowledre to some degree:
sanctionz, ¢stabliszhed positive »nd ncpative rowards vhich reivforce conformity
to tle norms and punish excescive deviancy, mnd autherity roles or units which
have coough respect to profote thi norms or enoush pover to enforce. the sanctions.
some combinarion of these three mechonisms are eusential for legitimeey 2e woll
as continuity in any social system. Thece mechanisms can be ctotod as variables

pertinent to cur nroblem.

2. The rzlative conmpatibvility of astablisbed nerms with choe new irrigation
conditions has a dircct bearinp on the alternative ievels issue. Morms cf ex-

pected, respectable conduct are not of central or vervasive immortance for most

BEST AVAILABLE DOCIM ™"
£4


http:e.csenti.al
http:Cie.-e.ly
http:r.lntionsh.ns

- 14

rain-fed farmers, They ge nerally believe that they should keep their d-aft
animals out of neienbors’ cecd bods and fields, that they should not ateal neigh-
bors' water or flood them with €xcers water: and they gencrally cerec on the nost
appropriate Ways of raising familiar c¢rers and animals, Ryt since most of thoir
vorking relati onshipe are fairly independont, their deviations dn net seriously
interfere with neiphbors; and normative coniority is not a maitor issuc. Regular
nanzgement of a water supvly, howevar, implics standards of accentable conduct,
Farmers with agricultural norms which scem too limited or incomvatible with ney
irrigation conditicns could vrobakly adapt new standards much more easily at the
farm level of control, with some difficulty at the ditch level, and only with

very great difficulty at the higher levels,

Similarly, the comnatiliility of =Stabliched role norms of guvernment
officiels with irrigction conditions has an important bearing on the alterna-
tive levels iz 3sue, but in the opposite direction. The more their norms support
the conventicnal, distaont, hizrarchical rclati onshir with village farmers, the
more these officialg vould he limit.¢ to reJﬂthg te farmers at the highor levels,

lateral or sublateral,

b. A closely associated variahle ig the relative availability of cancticns
to provide enough rewarde and deprivationg tc ensure some compliance with norms
appropriate to irripated a agriculturc. Although not immediately oheervable,
weil-establishad hehavicr petterns and norms {such ae those for rajn-fod rice
culture) are closecay related ro suprorting sanctions which make the behavior
and norms intelliginle and vorth-vhile, Similarly, officials have established
sanctiong which regulate and make worth-while thedip behavior patterns and norms,
these sanctions arc 1utrincic aspects of their “nvironments, hut thoy would very
likely not suffice for irvipated agriculturz. T¢ ig of crucial importance to
dscertzin what sanctinns weuld be available in the cnvironment to reguiate the
new forms of behavicr and what additional sanctions the pProject desipn might
have to include for the different alternctive lovels, It seems evident that
farmer rcle sancticrs weuld haye to becone lncr.ue-ngly strong to rﬁpulatw

arpropriate behavicr at each higher alternative level, but that official role
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sanctions weuld have to incrcase et each lewer alternative level. The major
positive sanctians for farmers would Inhere in the other sutsystems, such as
greater ecconomic profitability, physical security, and cror yield Lotential and
etability, New pPocitive and lcgative sanetions a1 the social subsystem would

probably also be required,

C. 4 very intimately related variable is the adequacy of conventional
authority roles or units to centrel or Manage the new collective tasks. A
fundamental featurc of gocial life in the region is that village leadership roles
are functionally adaepted to the relative independence with which farm families
operate. Most Famlet heauwuen rolog have adequate legitimacy for scttling dig-
Putes between villagers; cut hcadmen can enforce rompliance wish accepted ncrms
only on the basis of their Prestige or frreeful Dergonality, not their bcesitions,
Conflices between people in neighboring villages can be settled hy the senior
“eadman of g group of ten or more village headmen, o further autherity roles,
mits or relationships among villagers ciist beyond the level of clusters of
ten or mere villages, Tha next steo is thke district of ficials, Thus, a dig-
tinct but limited social tasis of traditiona} authority docs oxist that is
adequate for resclving most disputes at the farm and ditck levels byt which
would not extend to the entire areag cf most sublateral units, The hamlet and
cluster headmen, however, do not 2lready have authority to Tanage water control
‘at any alternative level, For exarple, neither they nor any otlier local roles
or institutions kave adequate cuthority to arrange for extra ditches tc be
dug to connect the current ditches with all of the farmers' Plots in the arca
to be served by the ditch. Ag farmers also needing tc make - living, headmen could
assune such duties cnly with the Positive sanctions of authority from the district

office and the irrigation project and zitra compensation,

5. Yechanisms of cormunication

Farmers, cfficials and merchants can act and in*cract in a rain-fed, partly
Sutsistence, agricultural system with very modest exchange of inforhatinn. Irri-
gated agriculture, howsver, invelyes 4 great transfcrmation of the natural and
sooial environments which requires a much greater exchanp« of information,

including new types of information, Concern with communication in irrigation
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projects too often ends with provision of now physical ¢quipment suchk as tele-
rhones and radies. Cur concern here is with variavles closcly related to nther

soclal varlakles already stated,

2. The types of information fermers would need at any (£ the alternative
levels scem to bLe generally similar:  amcunt of water availlable, timing :nd
regularity of delivery, tases of its availability, and ite distribution over
the terrain inside the contyol unit, The comnlexity of that infcormation fecr
farmers to receive and share weould incrvase prestly at each higher alt.urnative
level.  The 1ocal units of authority (and hence chennels of information) ar.
the local villag: and tho cluster of villagec., Thes2 units would rrobably
include most diteh units of water ceontrel; but only some sublatoral units, ond
probebly very feu lateral units. Thus, farmers! capacity to receive and hendle

irrigation information beyond the diteh level should be very carefully cxamined.

The complexity of informstirn and the difficulty of raceaiving and handling
it, hewever, would iucreasc for irripztion officials at zach lowoer alternative
level of control transfer. Their capacity to handle the information tasi bLelow
the ditch level should be subjected to douht and cxamination beforc any design

decisicen.

t. A very complicated varial o is that of the reletive timeliness and
adequacy of information exchanged with the diffcrent types of participants atout
the implications of the preject, enabling them te achieve their own intcrests in
their porticipation in the system.  The timeliness of the information can be
judged from the iength cof delay after the first rumors began to circulatce ahout
a project. The adequacy of the information can be judged from the degrec to
which participants, especially fammers, undorstand shead of time the 1ikely
costs and benefits to them of the project.  The mere timely and advequate this
information exchange, the mnre effcetive the coeration of the nther sccial
elements is likely to Le. If irrigation and district officials informed formers
in each villege of the proiect imciicoations to them and bargained with thenm
about whecther they wished a lateral cr sublater:l dug near their village and
vhat they would contribute in crder to get it, a1 supcrior hasis could Eo laic

for cheaper, better constructicn and better crganizaticn of farmers for operations,
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Such an information and bargaining effort would involve more two-way than one-way
cemmunication. Ve would predict that the more through such a preparatory

Process were, the ncre effectively fammers could later crganize themselves, and
thus the more effectively thiev could operatc at even the higher levels cf con-
trol transfer. This sort cf preparatory process would also be rewarding ton
efficials vhe cculd expect good prometicnse frem saving coustructicn ceosts

(through better 1ccal participation) without sacrificing quality of work,

6. Institutional adaptability cf participants

This final element of the social zubsysten vould probzsbly become apparent
only as participants gained e¥pericnce in the system, hut the values cof variables
of adaptability arc interrelated with many variailes thzt became discernihle

earlier, We include here only one of several pertinent variables of adaptability,

a. As central government officials place mere emphasis on deliberate
involvement of 1ncal resources and expericnce in project planning, construction
and cperation, the local participants will have fgreater capacity and incentive
to adapt to the aew social subsystem and te continue adapting it te future
chenging conditions. As all types of participants are more ab.e to contribute
scme of their own thinking to their own manner of participzticn in the sub-
system, they will have greater flexibility and tapacity for continuing adapta-
tien., Greater flexibiiiey stemming from -n emhhasis on decentralization would
enhance the likelihood of farmers' ability te organize themselves at the higher,

if not the highest, levels of alternative control.
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