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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 ecological system whose essential nature and performance is 

determined by the mutual relations among living 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. 



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 considere'd 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 pei forming roles related to plant and animal production.
 

2. Economic Subsystem. The elements affecting the material well­

being thac 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 development 

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 undoubtedly 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 important
 

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 fully in Part II,more 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. 



-5-

PROJECT DESIGN STAGES 

PRE Identification and Reconciliation
of Goals and Objectives 

Identification of Resources and 
B PRE Constraints 

FEASIBILITY 
 Identification of Potential 
Alternative Project Types 

Identification and Evaluation of 
FEASIBILITY 
 Feasible Alternative Types 

Selection of Specific Type 

DDETAILED -] Detailed Data CollectionDESIGN 
 Basic Project Design 

E CONSTRUCTIONJ> 	Primary Project Construction
 
Secondary Project Construction
 

Operation and Maintenance 

F OPERATO 	 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
 

a./RE GOV'T GOALS\ No 
CON SISTENT WITH U
 

"LIE NT" GOALS ?/(

Fc 

NO 

\GOALS CHANGE 7/ ( 

YENCLENT"\ i 

[FOR CHANGE " GOA LS;CHANG 

[SEFICATION OF
DEELPMENT OBJECTIVES 

5 AJOR PROBLEM 

ANTICIPATED 

£OBJECTIVES 

Figure . 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 are exist.in goals likely to 


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 economic subsystems at 

this stage. 

3. Are the Goals !n Conflict? If the autonomous response of
 

farmers 
to their total 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 minimal 

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 which 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 neither 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 1 are broad goals toward which the policy­

makers hope their society vill 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 whieh 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, 

particulsrly from an economic perspective. The design process should 

provide the 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 ef 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 malke 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 ir, 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 somein detail. 
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STAGE B: PRE- FEASIBILITY 

6 

IDENTIFICATION OF 
RESOURCE REQUIREMENTS 

AND SUPPLIES 

7 

ARE 

YES RESOURCE NOCONSTRAINTS 
XCRITICAL? / 

ARE

YES CRITICAL NOCONSTRAINTS '-­

\REMOVABLEi 

778
 

DEFINE 
MECHANISMS 
FOR REMOVAL 

i 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 emphasisour 


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 addition to 

availability, the degree of current utilization of these resources must 

be evaluated. It should be recognized that at this stage the focus is on the 

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

Land and water (sometimes considered together, as land) obviously are 

elements of the physical subsystem and both usually evaluated fromare 

the perspective of their physical characteristics. Their inclusion in the 

economic subsystem stresses their economic role 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, physical 

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 bcen made to consider the human capital, it usually 

has been through the evaluation of the level of formal education of Lhe 

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, and financial capital are generally considered 

by planners. Labor is not a particularly important category, since pre­

sumably the governricnt can hire the labor it needs, if it has the finan-cial 

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 zn important category which 

tends to be neglected. The availability of manpower trained in varios 

technical and admi-Astrative skills is essential, and often 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, is 
the ability to communicate well with the intended beneficiaries. 

As information about the basic economic (and other) resources iq 
being obtained, estimates of the resource 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 1+.tiveiy crude. Premature specification of the requirements -ill 
restrict the options that should be considered at the policy level. 

The social resources that should be considered at th.s stage in the
 
planning-design process 
 not only difficult to identify in detail,are 

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 into six categories: social control, 
communication 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 resource. The 
importance of each of these categories will vary, depending, upon the 
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specific type of project which is considered, but seriois 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 government, have important implications 

for appropriate project selection. An illustration will be presented here, 

and a somewhat fuller consideration will be undertaken in Part i. 

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 experience 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 more must 

be considered unremovable, then reconsideration of the development 

objectives (feedback link to (4) or of the more basic goals Xfeedback 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 which 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 fapes 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 stages; 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 project types for feasibility (indicated 
by the flow loop, 9a-d); the evaluation of the alternatives found feasible (11), 
and the selection of the project 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 conctions 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 

EXAMINE FEASIBILITY 1___
OF ALTERNATIVE TYPES 

FOR EACH TYP] I Y ARE ANYALTERNATIVES NFEASIBLE? 

a. SPECIFY 
PROJECT
 

OBJECTIVES 

ISREVI SION o0/'b.AE\ PROJCT DEVELOPMENT
b.~ AR JC R OBJECTIVES /YES BJECTIVES CONSISTENT NO POSSIBLE? 
WITH DEVELOPMENT -----OBJECTIVES'? 

10 

[FEASIBLE ALTERNATIVE 

/ d. ARE AVAILABLE 
YS.LRESOURCES 8 CONDITIONSNO OS E E C T O\ COMPA^TI BLE Y'ITR PROJ TYPE
 

WITH REQUIREMENTS' 
 RETTYE 

PRONOC 
 PROECi FEASsBiLE T (NO PROJE 

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, 

a 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 ))or 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 Lhe various projects 

with respect to the goals and objectives that have been identified. While 

all the projects are presumably consistent with these goals and objectives, 

some of them will be seen moreas being 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 a much wider range of alternative decisions, and 

with different types and amounts of information upon which to base his 

decision. Less of the critical policy making power is left to the technical 
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staff, and we suggest, the probability of a more appropriate project 

selection is increased. 

12. Selection of Project Type. There is no simple way to choose 
from among the various alternatives which have been identified. However, 
based 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 DesignStage 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. 



STAGE D: DETAILED DESIGN
 

CONVENTIONAL DESIGN
 
PROCEDURES*
 

STAGE E: CONSTRUCTION 

CONVENTIONAL PRIMARY
 
CONSTRUCTION*
 

SECONDARY CONSTRUCTION 

30 

*These stages are not specified in detail, since the 
conventional design and construction processes seemsufficiently adequate. Some critical aspects of these 
stages are discussed on pages 21 and 23. 

Figure 5. 	 Feedback Links to the Design 
and Construction Stages 



-23-


Construction, where 
 it is an important element of the project,
 

frequently is staged, 
with primary 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 are.as, and the response to the feedback, however, 

frequently is limited. 
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F. 	 The Operation Stage.
 

Frorjc 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 relatively long period of time after
a 


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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STAGE F: OPERATION 
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'Figure 6. Projec- Operation Flow Chart 
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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. some
32a. In 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
 
process 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 actual 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 agriculbire, with an emphasis on the 
identification of constraint conditions. 

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

buted 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 
an,* (2)failure to give equal
 

emphasis to the social, economic, physical 
and tiological subsystems of
 

Both of these problems have led to what 
are in effect policy
 

agriculture. 


decisions being made by technicians in 
the guise of technical decisions.
 

It was in consideration of these problems that we 
developed the proposed
 

design process outlined in Part I. The proposed design process deals
 

explicitly with the problem of inadequate 
consideration of alternatives.
 

framework within which interacting variables 
of the four
 

It also provides a 


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
 

In Part II,we
 
only superficially with this aspect of the 

design process. 


in which systematic consideration of
the mannerexamine in greater detail 

the interacting variables of the four 
subsystems can aftect specific de­

cisions which must be made in the design 
process.
 

It 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
 

In
 
of the interacting variables of the four 

subsystems of agriculture. 


the prefeasibility stage of the design 
process, such consideration 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). In the feasibility stage, the Identifica­

tion of the feasibility of alternative types (step 9) al . requires
 

consideration of the four subsystems. Likewise, there are numerous de­

cisions in the detailed design stage which can best be made with e):plicit
 

consideration of these interacting factors. 
 For example, in a road project,
 

the decision 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 is 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 designed project, we have chosen to develop an example
 

of one decision for one type of project. The type of project chosen is
 

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 thir decision. This is followed by a section in which we
 

(1) identify four alternative levels at which the major responsibility for
 

the control of water can be shifted to the farmers; (2) examine the effects
 

of alternative values 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 critical variables. 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 wish to empha­
size that we are attempting to provide a concrete illastration of how our
 

systems 
approach can be applied to the many policy decisions which must
 
be made in the design of any agricultural development project.
 

VARIABLES OF THE SUBSYSMNS OF AGRICULTURE CRITICAL TO M1E CONTROL DECISION 

Deciding the level at which control is to be passed from the project
 
authorities to the farmers should involve an evaluation of how the success
 

of the project is likely to be affected b/ the alternative levels which
 
might be chosen. 
We are therefore interested in identifying variables whose 
values (a)are indicative of the degree of success or failure of the project 
and (b)will be affected by the level at which control responsibilities are
 
shifted. 
 Although many such variables undoubtedly exist, we believe that it
 

is possible to identify a limited number of them which are of major impor­
tance to the control decision. 
In this section we identify and describe
 

those variableg in each of the subsystems which we believe to be critical
 
to the control decision. 
The section concludes with an illustration and
 

discussion of some of the Interactions among the variables.
 

Because we are interested in facors affecting the results of the
 

project, the variables we have identified are those which appear to be
 
directly related to the decisions of the fntividuals who ultimately dcter­

mine the degree of project success. 
 These people can be categorized into
 



-4­

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 ultimacely 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 critical 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 irrigation project. The variables thus apply not only to
 

the farmers in an irrigation project, but also to the government authori­

ties involved in the planning and implementation of the project, and to the 

merchants who provide 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 infrom problems 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, government 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 hypothesize 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
 

subsystem 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. Change 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 government officials; among officials;
 

between farmers and merchants, and between merchants and officials. One type
 

of interdependence among farmers that is of particular Importance is that of
 

the cooperative working groups which provide a means of managing the peak
 

labor requirements during the periods of transplanting and harvesting.
 

33 
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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 sawe people. One other significant aspect of the interde­

pendence both among farmers and between them and merchants concerns the
 

extent to which the production goals of the farmers are oriented toward the
 

subsistence needs of the farm family, or toward cash income.
 

3. D;'rrcn of ci!turol 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 farnners. 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 is the degree
 

of confidence that each of the participants in irrigated agriculture has in
 

the competence and reliability of the other participants. Again, this ap­

plies to the confidence farmers have in each ocher and in the merchants and
 

government 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, aud in the government 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 commnication among
 

some of the participants, most notably between officials and farmers. Such 

two-way ccmmunication is needed throughout the planning, construction and 

operation cf the project. If such co~munication is inadequr-te, government 
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officials may be ill-informed regarding the needs and desires of the farmers,
 

and farmers may have u:rcalistic 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 suggests that while inadequate communication is
 

a co amon problem, comrunication channels from the farmers to the project
 

authorities are frequently particularly weak. We believe that without ade­

quate two-way co-:unication, the prospects for a successful irrigation
 

project are considerably diminished.
 

5. Adequacy of social control.
 

Any agricultural system requires a certain degree of conformity among
 

the participants. 
 To achieve an acceptable degree of conformity, the
 

available norms (to induce conformity) and sanctions (to enforce it) must
 

be adequate. Changes in agricultural production patterns, such as those
 

brought about by an irrigation project, require certain changes in the type
 

of behavior to which the participants must conform. If the existing norms
 

and sanctions 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 sLbsystem, 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 availability of land and labor (land-labor ratio).
 

This variable is the nu:.iber of hectares of land available to the farm
 

family divided by the size of the family labor force. 
 It is thus a measure
 

21 
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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 is 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 intensive agricultural practices will be favored.
 

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 ('ar~inal revenue-ir cost1inal 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 home consumption, rather
 

than actually selling it on the market for cash. 
 (It Is 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 is rented
 

on a share of the crop basis, the additional rent that must be paid to the
 

landlord as a result of the increased production must be subtracted from
 

the gross potential increase In cash receipts in order to arri4ve at 
the
 

potential increase in cash receipts to the farm family.
 

One difficulty in calculating the values of this variable relatea 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 increase In cash costs
 

aisociated 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 seems desirable to make two calculations of the marginal revenue­

marginal cost ratio. One calculation should be made under the assumption that
 

no labor is hired, while the other should be based 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. 	ORportunity cost of the additional family labor rquired.
 

Although family labor is 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 from 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 weeting the
 

labor requirements will be different for each crop. Furthermore, because
 

of 	the seasonality of labor requirements for crop production, it is neces­

sary 	to calculate costs severalthe 	opportunity for each of tire 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 irrigation project.
 

4. 	Change in finincial risk.
 

Any new production activity which increases the cash outlay of the farm
 

family increases the financial risk which they face. We suggest that a vari­

able which could be used to reflect this risk is 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 urdertaking the now activity, minus his cash
 

production costs. 
The 	value of produce consred on the farm is not included
 



In calculating the cash receipts. 
As in the case of the profitability
 

variable, this ratio should be calculated on the two extre:.:e assumptions
 

regarding the hiring of labor. 
The larger the value of this variable,
 

the greater is the amount of financial risk which the farner incurs in
 

undertaking the new activity.
 

5. ArAilability ofknowled,.e and skills.
 

This variable is a partial measure of the endowment of what economists
 

like to call "hu;-an capital." 
 Since most of the relevant knowledge and
 

skills are experiential in nature, it may not be possible to develop a
 

precise measure for this variable. 
But planners should not overlook the
 

importarce of the skills of the farmers with respect to the kinds of
 

agriulture which must be developed if the irrigation system is 
to be
 

utilized.
 

6. 0 & M Expenditures per Fectare.
 

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 applicability, but in at
 

leant one case the absolute magnitude of the physical factor is the signi­

ficant aspect.
 

1. 	Relative Water Supply (PIS)
 

The amount of water available relative to the requirements of the
 

physical-biological environment (the amount of water diverted divided by
 
is
 

the environmental requ'z^=ent)/perhaps the most critical of the physical
 

subsystem variables. It has direct implications for the potential capa­

bility of the project to satisfy farriver requirements for water deliveries
 

which are adequate in amount, tiraing and dependability, and which can be
 

handled with a minimum of effort. It has indirect implications for .Le
 

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 crop) 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 is traditionally identified as the project 
Water Use Efficiency. It is deliberately restated in the Relative Water 
Supply form to emphasize the frequent inappropriateness of the water 
efficiency concept in the context of monsoon Asia.
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with 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 environ­

mental conditions, frequently will. approximate 600 to 
700 mm per season 

( , ). From the standpoint of serving the largest possible area with 

water rufficient for maxinrum production, a relative water supply (RWS) 

value approaching ICO_0 would be desired. 
 From the project Administration 

point of view, recognizing both on-farm distribution problems and timing 

difficulties in delivery administration, an RSW value of approximately 

140% at the farn level (usually about 200% at the point of diversicn), 

frequently is 	considered optimum. 
From the farmer point of view, however,
 

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

toward this critical variable may prevail, as depicted below.
 

100%
 
T T r T i" 

SFarmer 

~i I 
0 14 	 iProject Admin. 
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Figure II-1. 	 Satisfaction Levels of Farmers, Project Administrators and 
Policy Makers as a Function of Relative Water Supply 



- 14 

If a project is designed with an p,.iS value significantly less than 

250%, special attention must be paid to the entire delivery process, in­

cluding both the physical and institutional aspects, to minimize conflict 

situations. 

2. 	Averae Farm S1c.
 

While this variable has obvious relevance to the economic subsystem
 

considerations, it is also a physical variable with major implications
 

for irrirA-on dcciions. In general, the smaller the farming unit, the
 

larger is the amount of information necessary 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 maintenance requirement.
 

3. 	 ProZortion of Cer,.:i ind Area IWhich is Irrivble. 

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 variable usually are soil characteristics and topography. 

As the proportion of the command area which is irrigable decreal:(.s, the 

difficulty of meeting individual farmer needs increases, necessitating 

a higher IVS 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 subvariables, Project Control Capa­

bility and Farmer Control Capability. The variable consists of a complex
 

mix of physical components (density of channel distribution, type and
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relative frequency of control structures, percent of channels lined, etc.),
 

with important interrelationships with economic and social variables. 
 At 

this time the cc-nponents of the corf.rol capability variables and the quan­

titative interrelationshipe are not defined. 

5. Nduction in Catastrophe Frequency. 

Objective mneasures of the frequency of catastrophes caused by drought, 

floods, typhoons, etc. can provide indices of the effects (if any) of a
 

proposed project on the probabilities of such events. Thus, the variable,
 

Frequency After Project/Frequency Before Project, combined with the abso­

lute values of the Frequency Before Project, is an important index of
 

probable project utilization. If the catastrophe frequency is high
 

before project development and the ratio is low, as might be anticipated
 

In an irrigation-flood protection project, a high rate of project accep­

tance and utilization would be anticipated. On the other hand, if the flood
 

frequency is high and unaffected by an irrigation project, relatively
 

greater problems of irrigation utilization could be expected. If the
 

project increases the possibilicy of catastrophic events (unlikely, but
 

possible) relatively low acceptance and utilization 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 precise form, we indicate below the general nature of the variables
 

of the biological sulsyster which we believe to be critical to the degree
 

of success of an irrigation project.
 



- 16 ­

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 cnd 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
 

fluctuate 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 reeuirments.
 

Achieving the yield potential of irrigated crops generally necessitates
 

the increased 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 ratio of the yield potential divided by the
 

quantity of nitrogran required to achieve the potential. For pestLicides, the
 

differences amrng varieties are directly related to genetic differeficeJ 

affecting resistance to insects and diseases.
 

41 
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4. Local availability of required technology.
 
biologic31 

The large variation in I conditions even within a rclatively
 

small geographic area generally necessitates considerable local testing
 

and adaptation of new technology such as tiew v;rieties or new cropping
 

patterns. Where this type of testing hzs been done, and locally tested
 

technology is therefore readily available, fewer problems sftould be
 

encountered in the utilization of the irrigation project than in cases
 

where the available technology has not yet been adapted to local conditions. 

5. Pest nopulation.
 

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. Careful 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.
 

__eteronf-eetv6. of the biolo-cal environment. 

The greater the number of varieties and types of crops grown, the
 

greater is the heterogeneity of the biological environment of agricul­

ture. Irrigation projects may lead to decreased heterogeneity if they
 

result in a decrease in the number of varieties grown with no change in
 

the number of crops grown. This has frequently happened irk the case of 

rice monoculture areas. If a larger number of different crops are grown 

as a result of an irrigation project, the heterogeneity of the biological 

enviror~ment has been increased. A heterogeneous biological environment 

places gre.ter dum,'nds on an irrigation project, since different crops 

require water at different times. OC the other hand, insect and disease 

problems may be reduced in a heterogeneous environment. 

'1
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Interactior.s aron thq variables of the four subsystenn.
 

In the above discussionp we have attempted to separate, for analytical
 

purposes, each of the subsystems and consider the variables in it. 
But in 

reality all of the variables are interacting simultaneously as 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 considered
 

"basic," canto be nor a single direction of causality amon,- the vnriabi.2s be 

assumed. This can be illustrated by the following composite e:xample of a 

lowland irrigation project in the Nekong 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 wet season most farmars grow 

traditional rice varieties using traditional cultural practices. Irrigation
 

project officials note that farrirs are unwilling to dig and maintain the
 

ditches. 
 They also point out that many farners allow their water buffalo 

to damage the banks of the canals of the project, and that some farmers 

deliberately destroy the banks to obtain water. 
They complain that few
 

of the farmers seem willing to use the irrigation water which is avail­

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 not be:en very succe-;sful, In spite of numerous demonstration plots 

showing the superiority of t:hese varieties. Efforts to encourage farmers 

to use fcrtilizer have also met with only very limited Farmerssuccess. 

http:vnriabi.2s
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point out that water is often not available when they need it. One farmer
 

recalls trying to raise a dry season crop a few years agog only to see it
 

die when the main canal was suddenly closed for repairs at a critical time.
 

Another f__.ier says he has difficulty'in obtaining enough water to grow a
 

dry season crop because the turnout on the canal is too high. 
kMany farmers
 

feel that the government should be responsible for maintaining the ditches.
 

Qae farmer notes that he cannot get :ater because his n-hbor 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.
 

Inferences regarding the values of a number of the critical variables
 

can be drawn from the example. The fact that farmers as a group are unable
 

orz:unwilllng to dig and maintain the ditches suggests an inadequate degree
 

of in!!r-(tpendence in social orpanization, and a low level of social control.
 

The dcliber'ate destruction of the canal banks by the farmers, and the addi­

furth2r
tional damage caused by their handling of their water buffalo/demonstrate
 

the inadequacy of social c,)ntrol 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 conrmnicatfon patterns between
 

farmers and project authorities, and perhaps also among project authorities.
 

The disrepair of the minor distribution system and the difficulties en­

countered by some of the farmers in obtaining water for dry season crops
 

suggest lov, 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 suggests both low control capabilty and low
 

levels of kno-.led-e and skills with respect to irrigated agriculture. 7The
 

lack of interest In dry season production, and farmer conments about fer­

tilizer prices sug;est that the profitabilit o! irrigatcd cropping may 

be rather low, and that the financial -rsk to rather high. The vield
 

1 
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ptnta of the rice varieties grown in the wet season is rather lcni, and 
while higher yielding varieties are availablc, the inp irtqrementst may 
be too high to make them attractive to the farfiers under the existing pro­

fitability and risk situations.
 

Many of the interactiono among these variables 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 the control capability. Vnis in 

turn leads to a lower value for the reduction in risk variable, which
 

lowers the average profitability of irrigated cropping. 
This in turn
 

discourages farmers from 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 nimple one-way causation process. 
 The fact that profitability
 

is low and that water deliveries are unreliable makes it 
more difficult
 

for effective social control and interdependent social organization 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 growing, the improvement of the water
 

supply resulting from better maintenance of the ditches might have little
 

effect on yield (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 organization, these latter in turn also
 

"depend" on the profitability and reliability of water deliveries. 
 And
 

while the varieties g.:c;:n (and thus t~ic ylcld potential) "depeud" 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 sub.ystems need to be considered together in an
 
integrated fashion in the design process.
 

DTE-' ' U TIE E/X2"L FOR TRA ;SFEIURING C0NTIROL RESPCNSIBILITY TO MhE FARIZ-RS 

Irrigation projects generally involve the storage or divertion of
 
waLer at a dam or pu'iping facility, and the conveyance of this water to 
individual farm fields. Project authoritles generally hnve responsibility 
for the control of the tater at the point of diversion or storage, while 
farm operators are responsible for control over the movement of water on 
their individual farms. Thus at some point in the conveyance of the 
water thera rst be a transfer of the major control responsibilities from
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the 	project authorities to the fariers. 
 Because several alternative possi­
bilities exist, it is necessary that fairly early in the detailed design
 
stage of the project, 
a policy decision be raade regarding where in the
 

conveyance network this transfer will be made. 
 In this section of the
 
paper, we consider the nature of the alternat'ves availnble and examine
 

the implications of our systems approach for the policy decision which
 

nust be made.
 

Altt'M tvrv~ U~
rrL , ' ~ L1,1, forfo tt fHtra rn.f-r off ro c c.......ol.l 

In 	examining the alternatives available, wo are concerned with the
 
nature of the units within which control over the distribution of the
 
water is to be exercised mainly by the farmers. 
 In this discussions we
 

refer to these units as "levels" of water control.
 

1. 	 Indivtdu:,J fa -. 

In 	the context of the X:kong basin, this alternative requires central
 
projct control of the water to units which are typically two to four hec­

tares in size. 
Such a design would necessitate the use of very substantial
 
government resources for 	the construction, operation and of amaintenance 


vast canal network. It would 
 also require a complex information system 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 farm
 
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 ditch. 
Although the
 
len-ths of tl; ditches would v,iry fr::n rne projcct to another, in the Nakong 
basin one ditch would typically serve an area of 20 hectares or more. 
Thus
 

56" 
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probably at least 10 farmers would share the responsibility for the distribu­

tion of water among themselves. This level of water control would place much
 

less of a burden on govern-2nt resources, but project success 'ould depend
 

more heavily on the ability and willingness of the beneficiaries to organize
 

themselves and to mobilize their own resources.
 

3. St~b-l ateral. 

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 area served
 

by a sub-lateral would vary both among projects and wi.hin a single project,
 

but would probably be on the order of from somewhat less than 100 'hectares to
 

a few hundred hectarC. The "service units" which 
 IWDCO has proposed for the
 

improve-ent of water control facilities in the Central ?lain 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 hectres. The several hundred far.ers in 

the area would have the right to a specified amount of water delivered to the
 

lateral, and the responsibility for the distribution of this water among them­

selves. 
 By transferring to the farmers the major responsibility for the con­

trol and distribution of the water at thin level, the govertment would minimize 

the burden on its o.n resources, wh.ile mnximizing the burd2n on the resources 

of the beneficiaries.
 

Having identified the alternatives available, we are now in a position
 

BEST AVAILABLE DOCUMENT
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to examine systematically the implications of different values of the
 

critical variables for the design decision regardiig the leven of the 

transfer of water control. For each of the critical variables, we at­

tempt to Indicate, in qualitative terms, 
 the type of values which suggest 

that major proble:ns in the utilization of the project can be anticipated 

with at least one of the four alternative levels. We alco indicate the
 

types of values which, because they do 
not result in any particular ad­

vantagi! or disadvantage to any of the four alternatives, place no constraints 

on the design decision.
 

1. Social varipbles.
 

The greatest complexity of role Etructure among the fa-iers would be 

required for a project designed to 
transfer responsibility to the far1: ers
 

at the level of the lateral, while a transfer at 
the individual far', level
 

would probably necessitate the least complex structure. In many ca.'.' the 

role structure required for operation at the ditch level night be similar 

to that existing prior to the irrigation project. Considering the complexity 

of role structure among goverrmient officials, however, we find that by far 

the greatest complexity would be required for a project designed for indi­
vidunl farm deliveries. Substantially less complexity would be involved if
 

the project were designed for transfer of responsibilities at the ditch
 

level. 
 We therefore conclude 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 likelihood of success. 
A similar conclusion emerges 

with respect to the int.,rdpendence in social oranizatuon. For the farmers, 

the required interdependence is least for a project designed to deliver to 

the Inlividt:al farm, and is greatest when responsibillty is transfrred at 

the level of the lateral. But for the governiamnt officials, a project 
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denigned 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 number of individual farms 

served by the project, an] then translating this information into a form 

that 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. But if there is only weak cultural cohesion, it is likely that 

a project designed at either the lateral or thc individual farm level will 

encounter serious problems. A project designed for central project control 

of water to the individual farm will encounter difficulties because of in­

consistencies between the goals of the project authorities of the farnmers, 

and because of a lack of confidence among farmers 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 do­

signed to transfer to them the responsibility for the distribution of water 

to the entire area served by a l6teral of the project. 

With good comnunication patterns, no constraint is imposed on the 

project designers, but if ccrmiunlcation is inadequate, projects designed 

for the individual farm level and for the lateral level will probably en­

counter the greatest difficulties. The greatest need for two-way comiuni­

cation between farmers and project officials occurs in the case of a project 

desigea d to control deliveries to the individual farm. Without adequate 

colmranication, it is virtually ipossible for such a project to be successful. 
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But a project designed to transfer responsibilities at the level of the
 

lateral places considerable demands on the comminication patterns amng
 

farmers. 
If these patterns are inadequate, it is likely that such a project
 

will also encounter serious difficulties. We therefore conclude that In­

adequate cor.%inication patterns tend to restrict the design options available
 
Cither
 

to/the ditch or the sub-lateral level.
 

As with the pr.evious variables, if social control is adequate, no con­

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 lateral
 

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 amng themselves. This problem will also exist for proj:ects de­

signed to give fonrers control of the distribution at the sub-Interal anj 

ditch levels, but it will be less serious, as social control is likely to 

be stron;er ar.xng small greups of farmers who know each other ar:d there­can 


fore apply informal sanctions. For projects designed to control water to
 

the individual farm level, serious problems 
can again be expected if social
 

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
 

of this vriable tcnd tc favor the ditch, and to some extent, the sub-lateral 

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

Most of the constraints on the design imposed by the economic variables 

operate through their effects on the value of irrigation water to the fai 

operators. If irrigation water has a high value, no constrainit is imposed. 

If, hob;ever, irrigation water h;as a low value tco farm,r, we. can anticipate 

that the likelihood of effective utilizatlon of the water will be greatest 

when the demands on the reft,.rtlcs of t:he farm..rs are the ]east. Considering 

only the influcoze of t0h 1c; value VoIr %,!tJT.r, th: greaLCst probl.em.s are 

likely to be encountered with the "lateral" level of control, with somewhat 

lesser problems at the sub-lateral and ditch levels, and with the least 

problems at the individual farm level. (As in noted in the discussion of the 

social and physical, variables, however, there are many other reasons to expect 

problc:ts at l'.ic individual farm level.) 

..,. first four of the critical econ wic variables identified above 

affect the value of irrigation water. If land is plentiful relative to 

labor (i.e., the L;irnd-labor ratio has a large value), the indlividual 

farm family will have both less 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 value when the land-labor ratio is high. Similarly, the lower the 

proitabilitX 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 irrigation water will be lower than if 

there is no increase in financial risk. To summarize, high values for 

the land-labor raLio; lor.. va tu s for the profilbli1y varlahble; hi-,h valuca 

for the opportunity cent varialle and high values for the financial risk 

variable all mitigate againrst a project designed to transfer control 
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at the level of the lateral, and toward a project designed to deliver water
 

to smaller units.
 

Low levela of kn ;! . and skills for irrigated agriculture will also
 

tend to favor a design decisioa in the direction of the individual farm
 

level. 
 In part, this is because with a low level of skills, the irrigation
 

water will have less value to the farmers. Mora ijportant, however, is the
 

face that with a low level of skills, the farmers probably will be unable
 

to organize and uniertake the activities necessary to Cistribute the water
 

among themselves. This :ould be especially true at the latelal and sub­

lateral levels. 
 The last of the critical econonde variables is the level
 

of government c_. !nditure for operation and maintenance of the project. If 

the amount of money per hectare which the government is willing or able to 

budget for the operation and maintenance of the project is small, then 

clearly the individual farm unit level is inappropriate. Tha sipaller 

the anlicipated value of this variable, the larger should be the size of
 

the unit at which control responsibilities are shifted away from the
 

government.
 

3. Physical variables.
 

Both low and high values of the relative water supply variable place
 

constraints on the design decision regarding the transfer of control,
 

while values in the range of 250 to 350 place no significant constraints
 

on this decision. At levels of the RWS below 200, conflicts are likely 

to arise arong farmers regarding the distribution of water. We hypothe­
the 

size that/larger the group of farmers attempting to distribute the water
 

among the2mselves, the more serious these conflicts 
are likely to become. 

While the individual fars units might therefore appear to be tha logical 

transfer level, I;jor ce,.unications and control proble.-i- inh'..'ent in 

dealing with the myriad of smnall farmers in a situation of a limited 

54 
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water supply suggest that such a project would also encounter serious 

problems. We therefore conclude that low levels of Un'S would constrain
 

the designer to the ditch or possibly the sub-lateral level. If the
 

RUS is above 400, we suczest theft control at the sub-lateral level would
 

be appropriate. Thie major problem here in one of ex-cess water, for which 

some form of control at the ]ateral would be appropriate. At the st7e 

time, there frequently will be periods of more limited sup,1y, Lor ;hich
 

smaller group action would be appropriate.
 

Small values of the nveranee 
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 iriany parts of Asia)
 

for the central project authorities to deal with individual farms. It
 

also bzcc-os very difficult for the farmiers servJed by an entire lateral
 

to manage the distribution of water, due to the very large number of 

farmers involved. 
 Thus if, as is typical in the Mekong region, the aver­

age farm size is tio 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 irriabie proportion 

of the polect" cornand are.a decreases, the constraining aspects of the 

variable tends to increase. Since the factora affecting this are primarily 

physiographic, an approximation of a reasonably hoimegeneous physiographic 

unit would be a logical upper limit to the size of the area for which
 

control rc:;po:nsiblities are transferred to the farrers. 
 For the "k'
 

region this might v;ary from the ditch to the sub-lateral level, though in 

delta arcas, the lateral level m1i8:t fall in this category. 



- 30 -

A high degree of control _capability places no direct constraints on
 
the decision regardfng the transfer of control. We would emphasize, how­
ever, that under conditions encountered in the Mekong basin, a high control 
capability (which implies 24-hour water control, Ieasuring capability at 
the turnout points relatively rapid flow velocities, Security of control 
structures, effective two-way cor=anication, scheduled maintenance, etc.) 
is extremrely difficult and expensive to achieve. If control capability is 
low, a project designed for central control of deliveries to the individual
 
farms can be toexpected encounter very major probl,n1. 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 far.ers that w;ould be likely to arise. We therefore conclude that a 
low control capability tcnds to suggest projects designed to transfer re­

sponsibil-t.y at the ditch or sub-lateral level.
 

The effcct of the 
final physical variable, rcduction n catastroh e 
freauency, is similar to that of the econo-mic variables in that it operates 
through its effect on the value of irrigation water to the farmers. 
 he
 
less the reduction in catastrophe frequency, the less will be the value of
 
the irrigation water to the farmer, making him less willing to bear the
 

greatercosts associated with projects involving substantial farmer respnsi­

bilities for the distribution of the water.
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4. Biological variables.
 

The first five of the critical biological variables impose constraints 

on the design decision mainly through their effect on 
the econonlic variables.
 

A low value for the increase in vieldpotential will tend to lower profita­

bility. A high degree of yield variabilitv reduces the value of irrigation
 

water to the farmer, because of the increased risk of a poo:: crop. If the 

T_ 3trquir ::ent s for achieving the yield potential are high, then a con­

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

inputs are not used. 
Again, lack of locally tested teclnolpy will result
 

in lowered profitability. Increased pesp o.lations 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 sI:!allar units.
 

Considering 
 the final critical variable, a heteLroreo(.u3 bioloL___._l_
 

cnvironTrent implies that many different types of crops are grcwn at 
 the 

same time. 
Since different crops have different irrigation requirements,
 

particularly with respect to the timing of water deliveries, it would
 

probably be difficult to obtain satisfactory result& if responsibility
 

for the distribution 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
 

farm. Recognizing the difficulty of obtaining such information, we con­

clude that either the ditch or the sub-lateral level would be 1ost appro­

priate with the heterogeneous biological environment implied by diversified 

crop production.
 

http:heteLroreo(.u3
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Evaluation of the Alternative 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 g ven irrigation project requires the
 
collect'on of data from the 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

sibillty is transferred would thus be specific to the project being con­
sidered, and could be expected to vary from project to project. 
 1.1believe, 
however, that from our previous discussion of the effects of the Individual
 

critical variables it is possible to draw some general conclusions which
 
would be applicable to most irrigation projects proposed for the NLkong
 

basin.
 

The first alternative (providing projec-t control of the water to the
 
Individual farm) should, if properlyr ;.n-d, result in a satisfactory situ­
tion with respect to the quantity, timing, and reliability of water deliveries
 

to the individual farms. Yields, therefore, should not be adversely affected 
by lack of water, unless :-'re is a shortage of water throughout the entire
 
irrigaticn project. 
The farver will not have to spend time maintaining the
 
distribution ditches of the project, and thus the 6nly labor requirements
 
which lie needs to consider are those of producing the crop itself and of
 

managing the distribution of water within his own farm. 
His profitability
 

calculations will be affected by the charge that he has to pay to the
 

irrigation project for water, and by any coots which he has to incur to
 
lift water from one field to another on his farm. If there is no charge 
for the water, the benefits to the Individual farmer from this approach 

should be quite high, and the costs low. 
If a water charge is imposed,
 
part of the bencfitc will he transfcrrnd from the farmer to the goverrment. 
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(The total benefits may also be increased as a result of the imposition
 

of a charge for the water, due to uore econor.ically efficient use of the
 

water.) bit while benefits are high, and farmer costs are low, the coets
 

to the governnent of properly managing such a project are very high. 
 Be­

cauce the only resources of the farmers that are mobilized are those of
 

labor and skill in the production of crops, the government rust provide
 

all of the rcaining resources required to make the project operate 
suc­

cessfully. Thcz goverr-_cnt vill have to 
build and r..aintai. a cor.plicated 

network of canals and ditches. 
This requires mich detailed Information
 

on local conditions which the government generally does not possess. 
 Thus
 

skilled people must be sent out to 
the various parts of the project area
 

to gather a vast amount of information. 
The need for information will not
 

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 governirent nmuat have a complex network to gather Informa­

tion. The people who M-ust 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 therefore be quite high.
 

Conpared with the first approach, the alternative of controlling the 

distribution cf water only to the ditches results in conditions which
 

are less favorable to the farmers in several respects. First of all,
 

the timing and reliability of water deliveries to the individual farms
 

are likely to be less satisfactory. 
 Second, the labor requirements will
 

be greater since the far:er 
ill have to participate in the construction,
 

operation, and maintenance of the distribution system between the turnout
 

of t.ie plraJtct canzl and tho if"r.,dul :. Third, extra cas.h costs 
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may be encountered, as it may sometimes be necessary to pump water from
 

the ditch onto a farm field, or from the field of one farmer to the field
 

of another. Fourth, construction of ditches requires different skills
 
than
 

are needed for the production of irrigated crops. Initially the 

lack of expcrience in conztructizg and maintaining ditches may result 

in structures that are only partially effective. Finally, in constructing,
 

op-;rating, and .inintairLin- the distribution systcm, farmr %.- ]i ,'ncruinter 

problcms of rights of way for the ditchbc. /And becaucc Lonic v-...31 

have to dcpenil on receiving wv.ter from (or draining water onto) a nuigh­

boring field, questions of water rights will also be raised. 
The ability
 

of the farmers to satisfactorily deal with these types of problems depends 

in part on the variables of the social subsystemn. If these problems cannot 

be resolved satisfactorily, the quantity, timing and reliability of water 

received by the irndividual fav::rs will be ceriously aff.cted, leading in 

turn to higher risk and lower profitability. 

Considering these less favorable conditicns at the farm 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 Itself with such a complex distribution system. In parti­

cular, the rcquiremont for detailed knowledge of highly locallzcd ne:eds 

and co:ditions would be reduced. 

The third altcrnative, that of centrally controlling water d.&.llvories 

only to th,: sb-laterals results in even lo:cr co.;s. to the gov.rnr-nt9 

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

http:resources.in
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to the farmers. The effectiveness of the organization of the farmers is 

even more important than in the previous alternative. It is also raore 

difficult to achicve, £ir-ce the nu.::.ar of favr,-.r involved is larger. 

With the larger number of farmers involved, ati the possibility that
 

rotational irrigation -my have to be introduced, a cash contribution
 

may be required to purchase the services of scmeone to help manage the
 

dintribution of water and to hell 
settle disputes among the farmers.
 

This of course affects both the profitability and the financial rink.
 

With the final alternative, in which the dietribution of the water
 

from an entire lateral is the responsibility of the farmers, costs to
 

the government are reduced even further. 
Although the organization of 
the farmers remains at least as important as in the prevIGusalternative, 

the techrical rkills required for the management of Lite water are new
 

definitely greater than the skills of the farmers. 
 It is, therefore,
 

na longer possible to rely only on the experiential knowlcdge of 
le
 

fanrers. Specifically, it would be necessary for the farmere to hire
 

someone with formrl professional training in water management skills.
 

Vie discussion thus far suggests that as the size of the unit of
 

farmer control in 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
 

shown graphically in Figure 11-2. 
 One question not yet dealt with is
 

that of the magnitude of total costs as the level changes. 
As indica­

ted in Figure 11-2,, we believe that total costs would generally decline
 

rather sharply as 
the level of central control shifto frc:.i individual
 

farm deliveries to ditch deliveries. A small furtlh.zr rcdictien 'n 

cont b'!j-he ach c'..d at the lcx.cl of the r'b.Jt'-r._, a.JL:,3h this
 

is zorc quesWtioable, We believe that there would be little change
 

in total conts bewCtcn 0:0 levels of control represented by the
 

http:furtlh.zr
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Figure 11-2 

Relationship of Benefits and of Costs to Changes in the Level of 
Benefits Central Control in an Irrigation Project 

Total Benefits
 

Level of Central Control
 

Total Costs
 

Farmer Costs
 

Government Costs 

•' Lc'el of Central Control 

2 34 

*1Ccntr., I ~i cc L o C!:(.coni ;jI'u:f'r 
=2 central water contrcl to tl:, , 

3 - central vater control to the suMlatural 
4 - centra) 1,itcr cozitrol to tUUt lateral 

BEST AVAILABLE DOCUMENT
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sub-lateral and the lateral.
 

The decrease in total costs between the first two alternatives 

implies that the decline in government costs would be greater than the 
increase in farmer costs. There are three reasons for expecting this 
to be the case. First, farrmors would be utilizing an existing resource
 

(expcriential knowledge of local conditions) in performing the tasks
 

.nvolvad in the ditributici of water among a group of farmera along 

a ditch. by contract, the governrent .7ould have to crertn this know­
ledge anong its trained personnel in order to effectively carry out these 
same tasks. 
 In effect, the government would be going to considerable
 

expense to duplicate existing knowledge. 
Second, the government would
 
have to bear the cost of supervising personnel scattered over a wide
 

area. 
 Fartrs In each locality, on the other hand, can undertake the
 
work u.th g r. n-n of supervision. Finally$ considering the costs
 

frc:n - national 
production viewpoint, farm labor used during the off 
season for Lhe construction and maintenance of the irrigation ditches
 

may very well have a rather lcr4 opportunity cost. 
 In effect, under
 

the second alternative, farmrs may choose to give up some leisure (or
 
to give up more leisurely ways of working) to participate more inten­

sively in the production process. 
 Thus resources are being utilized
 

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 utilization
 
of resources with a low opportunity cost. 
 This is particularly true as
 

the level shifts from that of a sub-lateral to that aof lateral. 1he 
skills required to manage the distrbuti,rn of water aan,)ng fa.j.zner; sel-.Od 
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by a lateral are no longer skills which the farmers have or can easily
 

obtain. Professionally trained technicians (a high opportunity cost
 

resource) are required. 
The main effect in moving frima the third to
 

the fourth altcrnatives is to transfer the cost of hirln 
and super­

vising these technicians from the governr-ent to the Trcarsi ogaLzation.
 

Thus we have no reason to expect a signifIcant difference in the total
 

cot of these alternatives.
 

Since b'oth the curve thi
bctinfit and total cost cu.va in Figure 

11-2 exhLbit the same general shape, it is not imnmdiately clear that
 

any one- of the four alternatives is either iuperior or inferior to the
 

others. We believes horever, 
 that t%:o aedir.ional points can be made
 

in the evaluation of these alternatives. 
 Figtre 11-3 is presented to
 

facilitate: the discuo nlon of .hole points.
 

'e h-.1.feve th .-1:7, 
 tzr.u t ions, project control of wzter to
 

tile il:lividua1 
 fal:x ",tuld, because of its extremely high costs, prove
 

to be an uneconomic use of resources. 
 Thi.s is indicated on Figure H1-3 

by the costs exceeding the benefits, and by the hypot.-hetical benefit­

cost ratio of less than 1.0. 
 Assuming that one of the development
 

objectives stated in the design process is an economic use of resources,
 

then In our judgaent, this first alernative would in most cases, have
 

to be eliminated from consideration.
 

The z:cond point is that substantial variation in the level of bene­

fits can be expected for each of the remaining three alternatives, de­

pending on the values of the variables in the social subsystem. This 

is indicated on Figure 11-3 by the Lvo altcrnate beti-fit Vlln(.
.
 

line l abeilcd Situation A represents a aituntion in w.hich the -.'cial 

or;auiI zf;t!cv of t'.2 ,az::,rs i v.y Ca , Go ths . IL i- d[ff.culi or 
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Figure 11-3 

ypothetical Benefits and Costs at Alternative Levels of Central
 
Control in an Irrigation Project
 

Ibnetary
 
Units 

\ 

* 
 Benefits, Situation it 

\Cost, Situation B
 

-
 -
 Cost, Situation A
 

N Benefics, Situation A
 

1 2 3 

Level of Central Control 

Benefit-Cost Ratios Implied by the Diagram
 

Situation A
 
0.8 
 0.7 
 0.6 
 0.3
 

Situation B 

1.4 
 1.4 
 1.3
 
* See note to Figure 2.
 

0.8 

617 
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impossible for the farmers to deal effectively with the problems of
 

managing the ditribution of water. If it is impossible, for example, 

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 fesulting from the irrigation project. In such an unfavorable
 

social climate, it is unlikely that any irrigation project, regardless 

of the level of central control, would be econmKnac. Tis is itwcAcated 

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
 

social envirotnment develops to deal with the problems of managing the
 

irrigation project, then the benefits can be expected to be much higher,
 

as 
indicated in Figure 11-3 by the benefit line labelled Situation B.
 

Since it is assv:ied that there are some costs, both to the farmers and
 

to the governiant, in the development and maintenance of 
an effective
 

social environmnont, the total cost 
of the project is indicated in 

Figure 11-3 to ba somewhat higher for Situation B than Situation A.
 

But the modest investment in an improved social climate is much more 

than 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 size of the 
area within which they must distribute the 

water increases, it seems likely that the costs of developing Lind main­

taining an effective social environment will increase as 
the size of
 

the area increases to units involving several hundred farmers. 
 It is
 

probably also correct to state that the likelihood of developing an
 

effective social organzation decreases as 
the level of central water 

control shifts to that of a lateral. We, therefore, believe that the 

fourth alternative would seldom be optimal. This is indicated on 
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Figure 11-3 by the lower benefit-co.t ratio for this alternative as com­

pared with the second and third alternative;. We conclude that for the
 

Y,2kong basin countries, the dirch or sub-lateral levels of design are
 

likely to be the most desirable.
 

In comparing the ditch and vub-lateral levels of control, we believe 

that the !iost important considerations are not those avociated with iden­

tifying the precise optir.unui de.ig. Rather, cr;;phasis rshoild be placed on 

those factors necessary to create a high lcvel of bcnafit (Situation B in 

Figure 11-3). thia. is theUnless dc:,-, planners may find that they have 

developed the optimal design.for an uneconomic project.
 

SUM-:i ,Y AN, CONCLUSIONS 

Underlying the disanppointing results of many agricultural development 

proj .. inct.Ci,:..s 
 the process by which there projects are
 

planvnod a.:i" inplcj .ntco. 'Mcoedeficiencies inzcludo inaoquate con-


Oideration of alternatives througp.*ut the design process, and failure
 

to give the same serious consideration to the interacting social, economic, 

and biological factors Impinging on the project as is given to physical 

factors. In Part I 
 we outlined a design process which empha­

sizes the examination of alternatives, and which provides frameworka 

which encourages explicit consideration of social, economic, biological
 

and physical factors in the design and operation of the project. 
 In 

Part 11, we illustrated, by developing an example of a single design 

decision for an irrigation project, the types of social, economic,­

biological and physical factors that raight be considered, and how a 

systematic consideration of these factors could affect the design decision. 

The major points made in Part I are sutr.marized in the concluding sec­

tion of that part, and need not be repeated here. Concerning Part II, we 
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wish to emphasize two points. The first deals with the substance of the
 

specific di nssion of the design decision regarding the trarfer of
 

control over the distribution of water in an irrigation project. Our
 

choice of the case of an irrigation project to illustrate a design de­

cision reflects our individual field research experiences both inside
 

and outside the Mekong basin region of Southeast Asia, ari our identifi­

cation dtion of critical variables stc--'q directly frcm this
 

eiq'ricncc. Althoughwe regard this discuSsion to be 01ly teilative ill
 

nature, with many possibilitie3 for refinement through further empirical
 

research, we feel that if, in.:designing irrigation projects, systematic
 

consideration of the factors we have Identified were inaae, the performance
 

of many of the projects would be substantially improved. We therefore
 

feel that this discussion has importznt policy iL:1plicationo fcr this
 

npecific design decision.
 

Tie second point which we wish to emphasize is that the discussion 

in Part II is intended to illustrate, through the ucc of a sirgle example, 

how our systens approach to the examination of asicultural development 

projects can be applied within the design frame13rk presented in Part I. 

A similar approach could be used in developing the analysis needed for 

other decisions in the detailed design stage, and for making decisions 

in iost of the other stages of the design process. Likewise, the 

approach is not limited to use with irrigation projects, but is valid 
many types of 

for/ag£ricultu'al development projects. The specific critical variables 

identified would, of course, depend on the nature of the decision being 

rmad , and on th- type of project being considered. The list might in­

clude some of those identified in our example, along with others which 

we did not id.-;tify as being critical to the control decision for irri­

gation projects. T1he point is that the proce-s of identifying critical 

171) 
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variables and evaluatilg the constraints which they impose on the particular 

decision in qt'stion cnn be ured In a wide variety of situaLion to Iml-rove 

the design and ImplemeI1taLion of agricultural deve!oprment projects. 

#7
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Insert in "Improving the Performance of .. S J. Ingersoll 
g-ricultural Development Projects", Part II. July, 1974 

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. Farmcors, cfficials and merchants are diversely engaged with their
 

natural and social environments in a complex ecosystem of agriculture. lie
 

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 e]emen-%,
 

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 %'h0
 

particular way (from among many alternative possible ways) in which parti­

cipants manage one of the variable dimensions; and express that way as a.
 

alternative value - quantitative or qualitative - of one of the varipl-'
 

the social subsystem. We would expect the alternative valueF 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 o wator supplies: and
 

the like.
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We *an thus interpret the current observed value of any variable by

associating 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 also 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 incompleta. 
Agriculture is a very open system,

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 con­ditions 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 crucial variables is possible only by examining the ways

in which 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 pro­ject administration to 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
 
social 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 agriculture; the elements as variable by virtue of the numerous

variable dimensions of which they are composed; and the elements 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
 

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.
 

2 
 Cultural views and values of participants
 

a 
 Relative definition of the nature and meaning of agri­culture, varying from subsistence farming as a way of
life to commercial farming as a livelihood.
 
b 
 The extent to which participants view the irrigation pro­ject as 'belonging' to them 
 in 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 anong 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 new irrigation conditions.
 

b 
 The relative availability of sanctions to provide rewards
and deprivations to 
secure compliance with norms appropriate
to irrigated agriculture.
 

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

7',
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Patterns of communication
 

a 
 The relative complexity of information needed and of its
 
processing.
 

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

We may now consider the social implications of transferring control
 
responsibility from an irrigation project administration to the farmers at

the four alternative levels discussed earlier: 
 each individual farm holding,

the farmers and fields served by a field ditch, by a small sub-lateral,
 
or by a large lateral. 
 We shall consider this issue by reviewing briefly

the selected variables of the social elements in relation to the different
 
levels of control transfer.
 

1 Pan'terns 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 seeds for

planting, plowing, harrowing, planting seed beds, transplanting, managing

available water, inspecting, controlling pests, harvesting, threshing,

storing and the like. 
 We would add similar patte;'ns 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.
 

75 
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These inventories of main role activities of the participants become
 
a general variable only when we work out (by Lntervfewin, and 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 relative complexity of 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 interrelated, our hypotheses are that 1) current behavior
 
patterns are already related to 
a set of cultural views and values,

expressed in role relationships 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 sanctiQns. 
 Discriminating

project design, however, may be able to provide those sanctions to make
 
the changes in behavior worth-while 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 entail 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 effective,

farmers would have more water moving and ditch tending within their own
 
plots to do, but the abundant water .;ouldprovide a very rewarding, positive

sanction. 
Farmers would enjoy great improvcmonfo ir 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 the water supply and

economic profits. 
 The more difficult tasks of getting and keeping agreement

among themselves we 
shall treat under role relationships 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 -apacities and inclinations of most 
farmers in the region. 
These
 
collective activities would be foreign to their a,.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 see.
 

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 relative 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, subsistence gathering 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 obtain agricultural credit. 
 The greatest increase
 
in number and complexity of regular activities for farmers would 
come

between the first level and the others; 
and the second greatest increase,
 
probably between the second and third levels.
 

r7/ 
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For government officials, especially irrigation officials, the increase
 
in number and complexity of role activities would perhaps be 
more stoady
 
between each of 
the four levels; but in the opposite direction. Irrigation
 
project officials would have the fewest and easiest duties if they could
 
hand over responsibility to farmers at each 
 main lateral. Their tasks become 
steadily greater as the tr'nsfer takes place at lower levels. The relative 
number of types of tasks for irrigation officials would probably not increase
 
greatly at the lower alternative levels; but these tasks would have to be
 
performed far more extensively - requiring a much larger staff of officials.
 

The same direction of increcasinrg' difficulty of perfrming duties at the 
lower alternative levels would apply to 
other government officials (agricul­
tural, credit and the like) bu' with much less 
intensity of increase in 
difficulty. 
They could more easily deliver extension advice or credit to
 
larger groups of farmers at the higher alternative levels, but their work
 
might continue to be organized at the village level rather than at alterna­
tive control levels. So they 
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 be 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' activities
 
(particularly in irrigation) would become more complex in the reverse
 
direction, at the lower alternative levels. W}e should, however, note an
 
inner contradiction in the nature of irrigation projects: 
 they are
 
normally intended to improv- ag:riculture, carried out by farmers; but it 
is officials of the remote urban elite who make the major decisions shaping
 
these projects; and the irrigation projects reflect in subtle ways the 
basic viewpoints and interests of 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. 
One means would
 

7V 
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be the introduction of highly intonsive agriculture, which would ironically

result in increasing the relative numbers and complexity of role activities
 
for farmers. 
Thus, the transfer of control at 
a lower level could simplify
 
farmers' role activity patterns regarJing water management and complicate
 
them with more 
complex modern agriculture.
 

2 Cultural views 
and values of participants
 

Farmers in the Mekong basin have gradually evolved a number of simple,
 
effective :arming techniques in adaptation w.ith the numerous natural and
 
social environments, 
some of them very demanding for agriculture. In the
 
course of trying to make a livivg, they have accumulated a loose sot of
 
cultural interpretations of their own experience of reality --
views,
 
meanings and values 
-- in terms of which 
they understand their particular
 
environment and orient themselves to appropriate action. 
 It is generally

in terms of their cultural interpretations that they operate their farms;
 
deal with other farmers, officials and merchants; comply to some degree
 
with common standards of conduct; exchange information; and adapt to
 
changing conditions. 
Their cultural interpretations, or definitions,
 
of thcir own life are a combination of pragmatic-emotional judgments of
 
experience too complex or 
subtle to be observed or totally understood.
 
Similarly, officials and merchants have come 
to acquire their own cultural
 
views, meanings and values, in terms of which they interpret their particular

environments and orient themselves to appropriate action. 
Although normally

invisible, difficult 
to state concisely and sometimes beneath participants'
 
overt awareness, 
these cultural views 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 values likely to be present we
 
consider briefly only three important examples here 
-- ones which can be
 
seen as variables with alternative values.
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a. At one extreme, participants, especially farmers, can rogard, the 
nature and meaning of agriculture to be fun~tinentally a subsistence wafy of 
life. Pt the other extreme, they d..fine agriculture as a commercial under­
taking, directed toward monetary profit. Probably most farmers in the 
Hckong basin where irrigation projects might be built have already moved
 
at least partially towrard sale of -urplus 
 crops:. Put mort of them, parti­
cularly above the delta, continue to regard th, ir own interests as centered 
around a decent supply of rice and other foods. They would put .,:orc ermphasis 

upon a reliable crop than upon one of high-r yield but uncert:'irn urvival
 
value. Our prediction would 
 bu that th,. greatcr the subsistence emnphasis
 

among farmers in an irrirable nrea, the less their 
 interest would be in
 
larger units for control responsibility. farmers with n strong 
subsistence 

emphasis could see real gains, in their own tL.rms of survival -nI secuiity,
 
in the individual farm and perhaps the ditcll unit 
 for control responsibility;
 

but their concerns with family survival would probably dispose thl-m against
 

control responsibility at the sub-lateral or lateral, levels. This correla­
tion would often be intensified by the wi,3th of the social-cultural--economic 

gap between urban and rural people in the 
society. 
Farmers who s-e officials
 

as very remote and threatening, would be littlt. inclined9 toward joint control 
responsibility at the upper alternative levels, which would likely involve 
local and regional officials to a greater degree. 
 By the same token, sub­

sistence farmers could be 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 more reservations about such programs (with some 

justification) than development officials.
 

b. A second cultural variable, also r-latod 
to the size of the
 
urban-rural gap, i. the manner in which participants, especially farmers, 
define the irrigation project in relation to themselves. !'e could treat 

their definitions at.. oualitative variables, such as numerous alternative
 

types; and also quantitatively, such the relative degree they regard
as 


the irrigation project as 'belonging' to 
them -- in the sense of the 

4?6
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degre- to :1.ich they feel able to fashion or modify their own participation 
in the social subsystem. This definition of -rirticipantc is nnturally
 
associated with th manner of planning, 
 construction and operation of
 
the project, 
 wh: ch we shall exarinue under comaunicration below. Our pretlic­
tion is More weruthaDt the frmers able to identify 1,ith nn irrigntion
 
project 1s ltheirs ' (becuse the in wrhich central
of iay officials crreate 
it and local officials prese-nt it), the more they would be able and inclined 
to make the unusual effort:; to or:"aniz control responsibility among, 
themselves at the higher levels. Conversoly, the iriore farmers- view a project 

s 0government a)ffair, thc: more they would be limited in their vision 
and motivation to assurin- resnonsibility: at the individual farm level. 
Clearly, the farmers' in regard would beviews this clo:sely associated
 
with those of of'ficiols. The more officials defined the purpose 
 ind
 
meaning of the project 
 as servingr farmrt' interests, the itore they would
 
reinforce such a vie:; among fn'rmer-; and this mutual view would 
 strengthen
 
the likelihood of firmers orgianizing; themselves, even at some variance
 
to their triditional patterns c organization and joint action. 

c. A third variable is the relative degree of particioants' confidence 
in each others' competence and reliability. Regarding our problem of 
alturnative levels of con-%roL responsibility, the major issues would be 
the confidence of farme.-s in each other an". of farmers and officials in 
each other. Degree of confidence in a'nd from merchants does not seem 
signiiicant for current The ofour problem°. egree confidence in other 
participants is associatcd vith th-: degree of interdependence in role rela­
tionships amonC participants-, which ;,hall in nextw, examine the section. 

The less confidence farmer:-, hivt in the competence and reliability ofneighboring farmers to make irrig,.ation work, the is!ore they will tend to 

favor, and work best at, the individiual farm level of control. At the 
beginning; of nn irrigation project, lacl:in:- collective irriation experience, 
they must rely on such precedents -s thcy have, which would generally dii­
pose them toward the individual farm level. If farmers held the competence 
and reliability of officials in low esteem, they would probably anticipate 
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very few benefits from the project and remain passivetheir Misfortune, in the faceperceived ofas beyond their control.officials have limilarly. low regard iffor the conpetoncefarmers to make and reliability ofirrita'ntion uffective, they liouidlower alternative probably preferIevesl. theIf, hw.,evcr, officinjLsConfidence ain themselves, have low degreethIey would ofprobloblylevels. favorLevels of confidence the higher rtltcrnntive%re also cio::l, relatedand availability to profitfibilityof human capital in the economiccapobility subsystem;in controlthe Physical subsy.iter; and increaseanO input requirements. in 
i yield potential

the biolog-ica .Subs ystem. 



3. .ole relationo'hips among participants 

The tays in which deal t.tit i ethers pcrfor,ing roles in a social 
system are usually reflections (Pe.-haps with ;ct., di'pnritie of their views 
end values Ln termn of which th-o', orient th.m,Av10s to ticir participation, 

a. A very complex diucnsion1 rtirit to our pro'--lein i!s tKe ,Ai.tive
emphases whichStSc r LC ,t place On indcneriercc, interdeptndinci., an.- dependence
in their -cli re"tier.hhpn. Thi. issue include,, r-Iition.:,-ii,s amon( farmers, 
!'etwecn fan..rs and offi.cial,; -,!,I among r!i[fcr-nt ty-. of e>iciais. Aelation.­
ship:; nmoni farzmerr, incl!c: the:I rclaticn.mhir to irriga!le land in t.Iat tenants 
are more dependu!nt and ci.'neV-ope ra to, ar.2 more ind ,pendrent. 

Farm fari.ie. oPe:ratinp thI-F. own plot';, 'he have rat _ or rain wat.,r 
and on a few mutually slc-cted ]itnsmen z, frien. to an'l £eak "crids f 
agricultural ,orl:, would have very fe.w pr, 'c'nt for collcctive co.lboration 
bLyond the indlividual f:.m level. Soc!--, interd: ,en(-ncce on a wider scale h?5 
ocon limitzd in many rurnl communities the rx on tc. relipious and family

life-cvcle celcbratJon- 2".st f,. :riliv, . !epend, on the-mselves tn run 
their farmp. Owners of :,-[:ring filIls usually aree to rhaqre rainfa), . runoff, 
at lezst in ihe sense of net damaq!gng aal ::toc; l ; -lots. Ouch an enrnhasis on
independetce would lispose the., to w-!ork best at the individual f;ir,i level of control 
responsibility.
 

The form of villagc- far,ner: 
reli.ation!,hii, with c-overnment officia.I, is 
0enera]ly one of diferenc. and s.ailal diLitance. Althouf.4 they have not been 
dependent on officials for -:much ub,;t-Intivw i.:-.istancc in tie na.3t, thcy have beern
depnLndent CI.orJen tci ';ill .f offjcial; to woic! -unitive mea.sures or informal 
r.tyation. Their pcneral relation1:.(p of do cndnco on officials would probably
inhibit ts some ..e1 rue the capacity of c.ther farmet:- cr officials to collaborate 
in organizing arid running itrigatir. centri ntts of vterv large size. 

The rol_ rLJ.otionsipS.--, o-mr:M10.-ovrnent offlcin!l .,uld Prol,-bly have thu
ozruosite effect. the e'xtent that rwioral ,:ff-,cials are dc'randcnt on tWalr 
seniois initie capiral :id thus nut very int'--rdepondc,-t ilith their regional col­
leagues from otller :iinictries, thiy would h%: unahi:, tc iniLiatLe or carry through 
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coliaborative efforts on a great number of irrigation control units needing

varied services. ,ecause of their r.lntionsh.ns and their i 4 imited staffs, they
would be able to do-J. f,:,tter with a small nur.'?er of control units, tending toward 
the larger suhlaterJl and later-il units. 

b. A particularly important ispect of the tynes and degree of interdtncndence 
among farners is the co, atJJilit-1 c~f t' ,ir own cooncrative groupc with th new 
tasks to be performe-! ,It thQ alterr:ative leW, of: control. Cie.-e.ly related is
 
the issue 
 of conventional reiz:tir-ships and unit: of nutbority, dis:cussed later
 

under 
 social contrc. T,- th2 ex.,tent .',at farm,r,' opr. coo verotjvc Frouvinstoward the' foIlowing variable tyT-3 .- Tocal 
tend 

rat.r than rcrion,.-l informal and
 
caaual, 
 net .orks cf reciproc.;ting ki- ;m. and frien(L tcouired by each farmer
 
rather than 'cornorac,' groupE: all mne i rs of 
which held all otbhrs, interdependence
based on comnitencnt to re.turn reciprocal hel.r: rather thin on per,n,,.nent 1 m:mberehip 
-- they provide an experLnti-l hsc for or;gnizing irrigation control r-:ponsi­
bility at the individual 
 fatrm and perhaps ditch levels. Any collection of farmers 
joining in mutual help, in-s 3o:i, among owners cf plots in the same area (rather
than only amzong relatives and friends) wuuld !,ave a sert of 'corporate' group with
th2 sort of interdependence that oould greatly hel.p organizing at the ditch level. 

4. ?'iechanisms of social control 

Suci:, continuity as most social syetems seem to exhi1-t r'sults, not simply

from sor.M static 'tradition' 
 but fraou cc'ttinu-nn- use of mechanisme, of social con-­
trol by the particitanxts them,.Ives. 
 The three ,sic mechanisms are norms,
 
standards of expected conduct 
which 'most participents acl:nT.lcdd.e to some degree;
sanction,, 'stabli ,r! positive rnd negative rewards :;hich reirforce conformity
 
to the norm,.:; ­and punish excessive dc i.icc- "nO ;.iuthcrity role,. or units which
 
have enough 
 respect to proracte thi norms or enoue h ro-,er to enforc,-. the sanction,.

Some combination of these three moec 
 .-nin-:: are e.csenti.al for leitimacy as el1 
as co-Otinuity .in any social system. These mechanism-: can bc st-:t.-ad as variables 
pertinent to our problem. 

a. 'Phe rzlativc vompatibility of establis7,;ed norm.; with che no,,.? irrigation
conditions has a direct bearinp on the altornativ, !c-js issue. ,orms of ex.­
pected, respectable conduct are not of central or nervasive i-,nortance for most 
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rain-fed farmers. They generally believe that they shouldanimals keep their d'-ftout of neiighbors' seed bed:r; and fields, that they should notbors' water them 
teal neigh.­or flood with Oxcess watcr, and they generallyappropiiate a.gree on the mosti,'ay5 of raising familiar crops and animals. Tut since mostworking relationshiip.. of th<-ir 

are fairly independent, their deviations
interfere drohnot seriouslywith neighbors; and normativ. confor-m-ty is not a majormanagement issue. Regularof a water supply, hewevo-r, implicc .,standards of acccotableFarmors conduct.with agricultural norms which scem too limiv or incomatihieirrigation wichconditions newcould probaHly ,'daut new standards muchfarm more easily at thelevel of control, with some 0ifficalty at the ditch level, and only withvery great difficulty at the higher levcls.
 

Similarly, 
 the compati',ility of establiched role normsofficials of governmentwith irrigation cnnditions !--as an important bearing on the alterna­tive levels ifsue, but in the opposite direction. 
The more the:irthe conventional, norms supportdistant, hierarchical relationship with villagi-. farmers,more these officials the,would be lirit-d to relating to farmers at the higher levels,
lateral or sublateral.
 

b. 
A closely associated varia,lc is 
tlhe rlative availability of sanctions
to provide enough reward,_ and deprivations tc ensure some complianceappropriate to with normsirrigtce agriculture. 
Although not 
immediately observable,
wcll-establish-ed 1,ehavicr potterns and norms , (such as those for rain-fadculture) riceare closOt, related to supnorting sanctions %thichmakeand norms the behaviorinte].ligii:] and worth-twhile, eimilarly, officials
sanctions h-ve establi-,hedwhich regulate and make wvorth-while tcir behavior patternsihese sanctions and norms.arc initrinsic ,aspects of their environments, hut tl-.!y wouldlikely not verysuffice for irri,.-ted agriculture. 

ascertain 

t is o}f crucia..] importance 
 towhat sanctinns would 1,L av;'ilable in the environment 
new to ragulatefcrms theof behavior and w,.hat ad.itional sanctions the project desipn mighthave to include for tie differcnt altern :tivc levels. Itfarmer seems evident thatrole snncticra wculd have to become incr-.asingly strongappropriate tc: regulatr,behavior at each higher alternative level, but that official role 
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sanctions would 
.ave to incrcase rt eaich lower alternative level.
positive sanctions for farmerF; would The major
nhere in th.- other subsystems, such as
greater economic profitability, physical security, and crop yield potential Pnd
etability. 
New positive and negative sanftions Jn the social subsystem wouldprobably also be required.
 

c. 


authority 

A very intimately related variable is the adequacy of conventionalroles cr units to central or manage the new collectivefundamental feature of social life in the region is that village leadership roles
 

tasks. A 
are functionally adarted to the relative independence with which farm families
operate. host 

putes between 

hamlet heaLWn rol.:s have adequate legitimacy for settling dis­villagrrs3 but headmen can enforce compliance with accepted normsonly on the basis of their prestige or forceful personality, not their pcsitions.
Conflicts between people in neighboring villages can be settled hy the senior
headman of a group of 
ten or more villae 
hea:dmen.

inits or relationships 

Vo further authority roles,
among villagers eist beyond the level of clusters of
ten or more villages. 
The next step is t!c district officials. Thus, a dis­tinct but limited social basis of traditional authority does exist that is
adequate for resolving most dispute- at the farm and ditch levels hut which
would not extend to the entire areas of most sublateral units. 
 The hamlet and
cluster headmen, however, do not already have authority to manage water control
*at any alternative level. 
For exanmple, neither they nor any other local roles
or institutions have adequate author±ty to arrange for extra ditches tc be
dug to connect the current ditches with all of the farmers' plots in the area
to be served by the ditch. 
As farmcrs also needing to make : living, headmen could
 
assume such duties only with the posit~v,= sanctions of authority from the district
office and the irrigation project and e:xtra compensation.
 

5. Mechanisms of communication
 
Farmers, officials and merchants can act and interact in a rain-fed, partly
subsistence, agricultural system with very modest exchange of in-ormatinn. 
Irri­gated agriculture, however, involvs a great transformation of the natural and
social environments which requires a much greater exchanp', of information,
including new types of infonnation. 
Concern with communication in irrigation
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projects too often ends with provision of n,17 dhysical e'uipment such s tel-­
phones and radios. Our concern here is with variahles closely related to other 
social variables already stated.
 

a. 
 The types of information fanners would need at 
any f the alternative
 
levels seem 
to be generally similar. 
 amount cf i,nter available, timing :nd
 
regularity of delivery, bases 
of its availnbi!ity, and its distribution over 
the terrain inside the control unit. 
The cominle:fity of that i;rifc.mation for
 
farmers to receivc and oharc 
 would incr, as-:, Pru.-,tly at each hifg0er .lt,-rnative 
level. Thu local units of autbori,.y (and wence channels of infort-ation\ ar,::
 
the local villagc and 
 the cluster of villagec. These2 units would prc-iably
 
include most ditch units cf watrr control, Lut only ond-ome sublat.2ral. units, 

probably 
 very fe-; lateral units. Thus, farmers c*.pac.ty to receive and han11dle 
irrigation information beyond the ditch level should be very carefully i .-amined. 

complexity of informati'n and theThe difficultv of rac--ciiving and handling 
it, however, would increasc for irrigation officials at -c-h lower alternative 
level cf control transfer. 
Their capacity to handle the information tas ].,l-,IOW
 
the ditch level should be subjected to doubt and Oxamii.atbrn before any denizen
 

decision.
 

h. A very complicatod varial. is that . f the reletive tim liness and
 
adequacy of information exchanged ;Aith 
 the different typ., of participant,:: aout
 
the implications c.f 
the pr:jcct, ena!blin2 the' to, achieve thCir oi.m interests in
 

their r:'rticipation in the system. Tfhc 
 timceliness of the information can be 
judged from the length of delay 7fter the f'irst rumor-, began to circulate about 
a project. 
 The adequacy of the inf'ratiorn can b' judgcd from t'.o dogr,.c to 
which participants, especially fa~rmrs, un,2rstand ahead of time; the likely 
costs and benefits to 
them of the nroject. 
 The mcre timely and adequatt" this
 
information exchange, the more effcctic the operation of the other social! 
elements is likely to be-. If irrigction and district officials informed farmers 
in each village of the projlect imon ications to theimn, and ixrgaincd with thfem 
about whether they wished a lateral or sublaterc.l dug near their villng, and 
what they would contribute in order to get it, -isuperior basis could he laiW, 
for cheaper, better construction and better Crganizatic n o! farmers for operations. 
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Such an information and bargaining effort would involve more two-way than one-waycommunication. 
0 would predictT-7 that the more through such a preparatoryprocess were, the racre 
effectively farmers could later crganize themselves, and
thus the more effectively they could operate at 
even the hieher levels of con­trol transfer. 
This sort cf preparatory process ,.u]d also be rewarding toofficials ihe could expect good pr-nmcticns from saving cnnstructicn co-sts(through better local participation) without sacrificing quality of work.
 

6. Institutional adaptability cf participants 

This final element of the social subnystem .-.ould *robably become apparentonly as participants gained experience in the system, hut the values of variables
of adaptability are interrelated with many vriables th:-t became discernible
earlier. 
We include here only one of sev:rcl pertinent variables of adaptability.
 

a. As central government officials place more emphasis on deliberateinvolvement of lncal 
resources and experiencc in project planning, construction
and operation, the local participants will have greater capacity and incentive
to adapt to the new social subsystem and to continue adapting it to futurechanging conditions. 
As all types of participants 
are more ab-e to contribute
some of their own thinking to their own manner of participation in the sub­system, they will have greater flexibility and capacity for continuing adanta­ticn. 
Greater flexibility stemming from 
in emphasis 
on decentralization would
enhance the likelihood of f&armers' 
ability 
to organize themselves at 
the higher,

if not the highest, levels of altcrnntive control.
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