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ABSTRACT 

second of three 	phasesThe Development of Solutions phase is the 

for improving irrigation water managementin the development process 

on farms. The first phase is Problem Identification and the final phase 

of Solutions consists of
is Project Implementation. The Development 

three subphases: identification of plausible solutions: testing and 

of soluton packages. The
adaption of solutions, and assessment 

consists of: generating
Identification of Plausible Solutions subphase 

solutionsproblems; screening of potentialpotential solutions to priority 

and ranking of 	plausible solutions.
and discarding 	 implausible solutions; 

and Adaption of Solutions subphase consists of: 
The Testing 

tests; conducting demonstrationswork performingdevelopment a plan; 

clients; and refining solutions
and field days; obtaining feedback from 

by phasing the withdrawl of team resources. The Assessment of 

of: assessing solutions according
Solution Packages subphase consists 

solutions are acceptable;
to program objectives; deter-mining which 

and
synthesis of acceptable solutions into alternative solution packages: 

reporting of alternative solution packages. 
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CI-APTER I 

INTRODUCTION 

RlESEARCH AND DEVELOPMENT PROCESS 

This is the second in a series of three manuals designed as 

practical guides to research, development, and transfer of technology in 

agricultural water management. The purpose of this volume is to 

explain how solutions to problems are developed. Because there is 

considerable overlap between the three manuals, it is. useful to outline 

how the "Development of Solutions" relates to the other two volumes. 

Together, the manuals describe three phases that comprise an 

entire research and development process. In the Problem Identification 

phase, the research and development staff (also rcferred to in this 

manual as the program team, program staff. or team) seeks to 

understand the agricultural system as it exist3. In the "Development of 

Solutions" phase alternative designs for the system are identified and 

evaluated. In the Project Implementation phase the program staff 

attempts to change the present system to a better one. Described in 

this manner, the phases seem distinct. In reality, however, they 

usually over',p because information is never complete from any 

particular' phase. This results in continuous recycling through earlier 

phases as new facts reveal a need for further information. For 

example, in the process of developing solutions. researchers discover 

new facts about farmer management practices. These new facts may 

necessitate redefinition of the problem and reordering of the associated 

will continue topriorities. Thus, i, is likely that problem definitions 

change as solutions evolve and are implemented. When one constraint is 

relaxed in a production system, other constraints will become critical. 

Because implementation occurs on a larger scale than the development of 

solutions, it is likely that unforeseen constraints will emerge. This 

requires that solutions be flexible enough to be adapted to unexpect, d 

problems. Such flexibility involves a refinemenL in the development of 

solutions and the appearance of these unforeseen problems provides 

additional knowledge about problem identification. 
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Although the 	 research and development process is a continuous 

recycling through phases, the manuals are organized in a separate and 

sequential formal.. Hopefully, by allocating specific blocks of time and 

,:ff',rt. t, r:;j(h ph;ise.. program members will be encouraged to recognize 

th,: ,' Piitr',,gr;,ra r.sources and to keep sight of the goals they 

rrji -.t. rear:h 

I."E RDI S(IPI."AY APPROACH 

Generally, .he research and development staff hopes to suggest 

and encourage changes that will serve the farmers' interest. However, 

the implications of change do not always stop with individual farmers. 

changes affecting farmers commonly spread throughout theWidespread 

area which facilitates implementation. The evaluation of widespread 

changes requires that the research and development staff gain a 

thorough understanding of how the farm components are integrated. 

This understanding is difficult to achieve since the individuals have 

been trained to concentrate their methods of investigation on their 

discipline, ignoring factors relegated to other disciplines. Therefcre, 

achievement of an interdisciplinary perspective requires special effort, 

especially by project managers. 

When the interdisciplinary approach is required it should be 

of the project. Specific steps necessary toestablished at 	 the beginning 

facilitate its effective operation are described below. 

1. 	 All staff should participate in important decisions about 
the project so that solutions will be based on several 
perspectives. When all members participate, they tend 
to feel responsible for the decisions and are more 
committed to their support. 

2. 	 An important part of decision making is the setting of 
realistic goals by group members. It should be clear 
that goal achievement will be used by the manager to 
measure individual and group performance. 

3. A systematic feedback network should be developed 
to 	 evaluate performance relative to the goals. Feedback 

as as thebetween staff well between staff and program 
manager are essential to interdisciplinary projects. 
Members working on different parts of a problem should 
periodically share information about the direction, 
progress, and significant interrelationships of the work. 
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4. Methods should be developed for handling internal 
conflicts. Relaxed and objective staff sessions should be 
held in which existing or potential conflicts are 
recognized and means of resolution are orranged. 
Ignoring conflict generally makes it more intense and the 
staff tends to work against each other. 

A detailed discassion of how to accomplish these 	steps is offered in the 

Project Implementation manual. 

CLIENF INVOLVEMENT 

informationClient. involvement is an effective method for gaining 

about the dynamics of the farm system and of identifying sources of 

support or obstacles to change. Farmers generally have extensive 

relevant information as well as an intuitive understanding of how their 

system works; yet, they are often ignored by outside experts. The 

tendency for staff to discount farmer input 	 is most acute in the 

Identification phase theDevelopment of Solutions phase. In the Problem 

to determine the problems; and in thefarmers must at least be studied 
solveProject Implementation phase they must at least be told how to 

those problems. However, in the Development of Solutions phase they 

are often consic.ered part of the problem and, therefore, are not 

expected to know about the solutions. In the approach advocated by 

this manual, the farmer is regarded as an important source of ideas for 

Furthermore, because ofpotential solutions that experts may overlook. 

their innate "interdisciplinary" familiarity with their system, the farmers 

can assist the program in understanding the system's dynamics and in 

of proposed changes. Client involvement andanticipating consequences 
themes or an interdisciplinary approach are recurring, interconnected 

"key concepts" in all three manuals. 

CONCEPTUAL FRAMEWORK 

The transition from the Problem Identification phase to the 

phase occurs when the staff agrees to changeDevelopment of Solutions 
at solution.emphasis from understanding problems to actual attempts 

characterized by 1) identification andDevelopment of solutions 's 

ranking of plausible altern ,ires. 2) det4;led development of solutions to 

priority problems, and 3) assz.-:-.nt refinement, and assembling the 

solutions. 
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These steps are elaborated in Chapters II, Ill. and IV. 

respectively, and are represented in the flow chart. in F-igure I. If will 

be useful for the reader to refer to the flow chart while reading he 

following summary. 

When the problem identification staff arrives, they generally 

possess defined objectives and constraints, and a limited understanding 

of the farm system they will confront. At the start of the Development 

(if' Solu.tion.s pihas(, objectives have been refined, constraints have been 

Ir;irj,l;j,:d Ir) opj r;jt.ional limitations, and there is a partial 

iird(:r-,,.;jrdinX of' the causality behind the more important problems. 

In some C:ascs, solutions to problems may naturally evolve even 

before the end of the Problem Identification phase. For example, 

farmers may suffer from a problem in water supply scheduling that they 

cannot change due to the lack of access to officials. The problem 

identification staff may provide the necessary contacts to reach a fast 

solution. Most problems are more difficult, having multiple. interrelated 

causes, and the development of effective solutions requires planning. 

field trials, evaluation, and refinement. These stages are covered in 

this manual. 

Faced with , situation where solutions are not obvious, a 

worthwhile technique to elicit ideas is a "brainstorming session." All 

members of the group are encouraged to spontaneously submit ideas 

with no threat of judgment. Inputs from farmers can be included 

indirectly through the members. After many ideas have been 

each they respectcontributed to problem, are evaluated with to 

program objectives and constraints to eliminate the impractical or 

implausible solutions. 

Plausible solutions are then classified against several important 

criteria such as effects on various groups, disciplines involved, 

from various sources, time requirements,resources required 

uncertainty, and romplementarities with other solutions. It is useful to 

jointly display solutions and criteria in a solution/criteria matrix that 

gives information about the appropriateness of each plausible solution. 

This facilitates comparison of solutions and identification of information 

needed to properly evaluate the alternatives. 
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DEVELOPMENT 	 OF SOLUTIONS 

GENERATE POTENTIAL SOLUTIONS 

TO PRIORITY PROBLEMS 

SCREEN POTENTIAL 	 SOLUTIONS DISCARDO 	 Program Ob)actives MLUIL 

ti 0 D Program Constraints SOLUTIONS 
_ c Strategic Considerations 
t0 

_ RANK PLAUSIBLE SOLUTIONS 

z a Groups Affected 

-J <[ b Uncertainty 
Cr. c D sciplines Involved 

d Time Requirements 
e Resource Requirements 

f 	 Complementart ies with 

other Solutions

(DEVELOP WORK 	PLAN 
a 	 Set Goals 

b Design Tests 

c Allocate Team Resources 
d, Specify Feedback Mechanisms 

e 	 Specify Deadlines 
z 	 ' 

- [ PERFORM TESTS 

z

4 	 0 CONDUCT DEMONSTRATIONS, 

ZLLFIELD 	 DAYS, etc 

U) 
OBTAIN FEEDBACK FROM CLIENTS 

a. Farmers 

b Agencies 

WITH PHASEDFREFINE SOLUTIONS 
WITHDRAWAL OF TEAM RESOURCES
 

ASSESS SOLUTIONS ACCORDING 

TO PROGRAM OBJECTIVES 

a Technical Adequacy 

b Former Acceptance 

c. Former Participation 
d, Economic Adequacy 

e Social and Political Feasibility 
U,
IU f. Organizational Adequacy 

f- x ) MR No Yes 

I NEED MORE INFORMATION MORE TESTING NEEDED

4 < ARE SOLUTIONS ACCEPTABLE 

J SYNTHESIS OF ACCEPTABLE 

SOLUTIONS INTO ALTERNATIVE
 
SOLUTION PACKAGES
 

REPORT ALTERNATIVE
 

SOLUTION PACKAGES
 

Figure 1. 	 Flow diagram for the Development of Solutions phase in 
the development process for improving irrigation water 
management on farms. 
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Identification of groups affected by each solution precludes a more 

related to Ilhwdetailed consideration of the objectives of the group as 

solutirf. These objectives are applied in a valuation of each solution 

are again refined tofr,,m diffe(;rent viewpoints. Program objectives 

about farmers' interests and then used to helpr1,fl,:(:. wh;O was l,:;rned 

r;Jnk'.h,: plu- ihl: solutions. Finally, high ranking solutions are chosen 

l),etaiJ;- r'ol,-pment of solutions begins with identification of 

informal i'n r:equired to judge feasibility and adequacy of each one. 

This piroces-, should involve interdisciplinary subgroups who are 

assigned to outline the description and schedule of tests or trials they 

expect to conduct. Periodic checks and coordination meetings should he 

that progress is correctly directed and t.hat informat.ionheld to insure 
by other subgroups and projectwill be available when needed 

(see manual).implementation personnel Project Implementation 

is available on the solutions. the staffWhen sufficient information 

should meet again to design combinations of solutions which are 

are andThese combinations evaluateddesignated as "packages. 

in field trials until their benefits are clearly perceivable. In
refined 

inputs to the program are replaced by
successive trials, government 

inputs until farmers take as much responsibility as seems
farmer 

inputs required from the government or some
practical and the level of 

off-farm source could be provided in a broad-scale implementationother 

project. 
maintain communicationAs field trials progress, it is important to 

agencies. This will avoid costly misdirectionwith concerned government 

of effort resulting from a lack of understanding of government 

objectives. It will also facilitate institutionalizing some of the solutions 

normal activities of the farming
by having them become a part of the 

community. 

When field tests are finished, the solutions are given a final, 

for technical adequacy, farmer acceptance, farmerthorough asses.,ment 
social and political feasibility, and

participation, economic adequacy, 
development is to

organizational adequacy. The last step in solution 

redesign the alternatives for widespread dissemination and formal 

the alternative solution packages for distribution to
reporting of 


involved agencies.
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CHAPTER It
 

IDENTIFICATION OF PLAUSIBLE SOLUTIONS 

Strategy is inherent in the approach advocated by these manuals. 

but. nowhere is strategy more central than in selecting" a sel of' plausible 

solutions for develrpment (Figure 2). This chapter sugge" t ways to 

form strategi-s consistent with program objectives and con.st raints. 

Certain criteria are discussed as they relate to planning rcse;irch and 

Lnd potential sources of ideas and technology arc listed.development. 

As with other phases, a team approach and client involvement are 

in strategy formation cannot beimportant, and their importance 

and clients become motivatedoveremphasized. Team members and 

actively involved in the formation of strategies.self-directed if they are 

closely with teamFurthermore. farmers and other clients who work 

members can become important sources of information regarding the 

to progress with what seemssystem. The team manager may be anxious 

like obviously productive tasks, but time spent involving staff and 

clients in strategic planning will help mobilize initiative and establish 

through which reliable information can becomm.inication channels 

obtained. 

AND PRIORITIES FOR THE DEVELOPMENT PROCESSRESOURCES 

and limits come fromInitial statements of program objectives 

outside the program, presumably from a government agency. However, 

are rarely precise and usually requirestatements of these guidelines 

can be used. This is advantageous in that arefinement before they 

team often has flexibility in defining its own priorities, but it can be a 

there may be objectives and constraints which areliability since 

unstated, but important. Consequently, program leaders must assume 

officials to discover anyresponsibility for interacting with 	 government 

Once there is reasonable confidencesuch objectives and constraints. 

what is expected by its sponsor(s), it canthat the team understands 

begin a process of elimination to narrow the set of alternatives it will 

consider for development. Although this should 	 have beer. done in the 

here because of theProblem Identification phase, it is reiterated 

importance of specifically defining program objectives in order to 

proceed positively in the Development of Solutions phase. 



GENERATE POTENTIAL SOLUTIONS 
TO PRIORITY PROBLEMS 

SCREEN 	 POTENTIAL SOLUTIONS 
DISCARD
IPAB 

cn a. Program Objectives,, z IMPLAUSIBLE 
0 0 b. Program ConstraintsI -SOLUTIONS 

c. 	 Strategic ConsiderationsF5 	 :3 

,,RANK 	 PLAUSIBLE SOLUTIONS 

z a. Groups Affected 
. b. Uncertainty 

a. c. Disciplines Involved 

d. 	Time Requirements 
e. 	Resource Requirements 
f. 	Complementarities with
 

other Solutions
 

Figure 2. 	 Flow diagram for the Identification of Plausible Solutions 
subphase of the Development of Solutions phase. 
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Defining Axailable Resources 

Mlany of the resources available for the solution development phase 

are explicit from th,: start such as time allotted to research and 

d.velpm,.nt: o' rf capital , manpower, and facilities: and authority 

(,f pri'ogrrr l,:Iders to obtain cooperation from government agencies. 

The d,',Cel(opm:nt cff ;olutions may, also be facilitate.d or constrained by 

organi:atiofn i in situtior al or legal factors. Depending upon the 

politic(:l -. itua j,.n and seriousness of the problems LhI su,,'gestel 

s,,lution r (" cr,'1t, such "institutional" factors may Ie subject to 

chan,- , ,,tf ch ange that im]ay occur arl'e government policies 

reg-arciinv ax.>. ubsidiu:s. ;ind p rice con trols on agri(ultUr e; mini:num 

wages 1laws. restricting' size or tenure of landholdings' scarcity of 

foreign exch:ing'e limited prinary commodities such as cement and 

fertilizer: aind incentive s' stems in government agiencies. 

Resources available for the Project Implementation phase are 

generally uncertain. Time and budget alloca;ed to project imptementa

tion depends up'rn the urgency and importance of the problems as well 
as the effectiveness of the solutions developed. Consequently, the 

resources available for implementation are uncertain. The 

organizational, institutional, and legal resource constrints are less 

predictable for implementation than for, research and development. For 

instance, farmers participating enthusiastically in an initial program may 

even convince visiting government officials that new organizations, 

should be formulated to facilitate theinstitutions , and laws 

implementation phase of the program. 

In spite of uncertainties, staff should be aware of potential 

resources available for implementation and recognize their limitations. A 

good way to coordinate this approach is to hold a meeting in which 

help solve.resources are listed and matched against problems they may 

It would be useful to display this information on a blackboard or other 

large surface to allow all members to participate. Resources available 

will generally b2 more limited during the Project Implementation phase 

than during the Development of Solutions phase. Research and develop

ment. programs are often devised outside of established government 

agencies. However, implementation is often allocated to these existing 

agencies. Unfortunately, these agencies have less access to the type of 

http:d.velpm,.nt
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reso,urr:s required for further adaptation of the solution. 

(,,n'-,,:qu,:njtll, the- testing and adaptation of solutionb to be done in the 

I (i:':l,,trr,.ri,f Soluitions ph;,su a' ust take into consideration the 

r,:'our:S-, th;t will lik-ly he available in the Project Implementation 

Phas,. 

Examp les cf _('onstrain ts 

An examplf of how program resources might be arranged so that 

priority [,rrl.lrms tndtheir solutions can be matched is shown in 

Table I I1-(ourct-s listed are examples of cateirories that could be 

aplplicat.!, in -n-taiirm wat tr managrement. 

Th.: las' rn:(jur cattc.eory in Table 1 is "Information." lesearch in 

the D a (,f Solut ions phase increase t he available~ve. n will 

from other sources willinformation. Iiwever, many times information 

have to ht, ,u .stituLted because of time limitations. By reviewing the 

checklist, information that might be overlooked may be incorporated in 

the assessment of the project requirements. The categories listed are 

general and c('uld be further detailed. At the end of the list of 

information is "Information regarding intere st groups." This includes 

are crucial in developing bothsociological and economic aspects that 

research and implementation strategies. Interest groups exist formally 

For instance, local watercourseand informally in all areas of' society. 

different of interests:associ',tions serve groups farmers with opposing 

various government agencies have interagency priorities- and ministries 

(e.g. , Irrigation and Agriculture) have diverse viewpoints. 

Defining Priorities 

If the sequence presented in the Problem Identification manual has 

beer. followed, there is already a well-defined set of objectives and 

staff members share an understandingpriorities. It is imperative that 

of the general program objectives and that. more specific nperational 

as plausible solutions, are identified.objectives, which will emerge 

One way to define priorities is to list the general program 

objectives first. Tie general objectives, as cited in the Problem 

Production;Identification manual are: (1) Increased Agricultural 

(2) Increased Equity of Income Distribution; and (3) Resource 

narrowlyConservation. It is possible that a piogram will have a 

http:i:':l,,trr,.ri
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Table 1. Program Resources Checklist
 

Project ller,,onnel Access to Authority 

Agronomists Irrigation Department
 
Engineers. National
 

Civil Regional
 
Agr'icUItUr;d Local
 

y d rologIsts
 
Economivts Ministry of Agriculture
 
Sociologists /Anth ropologists National
 
Law yervs Regional
 
Manag ers Local 

f-f 


Research ind De__eopment Budget Ministry of Transportation 
National
 

Transportition Regional
 
Clerical 
 Local
 
ComputationAl
 
Laboratory equipment Ministry of Finance
 
Field equipment National 
Field assistants Regional 

Local 
Eq~u4mcn t -- m tInformation (local, regional, 

Water supply data national, and/or international) 
Lab equipment 
Field testing equipment Climatic data 

Soil dataTractors 
Water supply dataEarthmovers 

Levelers Hydrologic data 
Computer Plant varieties and properties 

Data on plant disease and 
Access to Agencies Resources pests 

Economic data 
Socio-cultural dataPersonnel 


Agronomists, etc. Policy data
 
Facilities Information regarding interest 

groups
Laboratories 

Experiment station
 
Field equipment
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defined objective that fits under one of the above general objectives. 

prubably under "Increasing" :\-'ricultural Production." towever. the 

nature of on-farm water man,agement projects is such that si 'tli( ion 

generally inl !ve all thre,, ohjct,ies. These I)CCiliC tIIO('Tiif tI)j'('

tives can be teltvhmined 1 ,;iiling the g,ncral objctive. An e.Xample 

this e shownof how highta ccmplishetd is in Table 2. 

As with heco,,nsti'a in ist of ['a b l 1, objectives in Table 2 give 

enr,,a .xr.,- , ,-h shhuult be considere d. Operational objectives 

(f ;irn r-.. . ,rminanent development program will have more 

rietail I I-, e~,r: ',. rin.v ff t.e objectives listed will initially be 

ou .si d'! t h. [ai..;i ( rnf t1, on-far'm water maniagement development 

project . Neve(rthfless, such situations are sometimes the unintended 

result rf dp.,lnpmt programs and should be considered as potential 

by-products ,0 .,, utions. 

As solu!,ins :ire identified they cai be defined in terms of specific 

activities such ;1s the "design and construction of watercourse lining, 

costing no more than $2 per foot (annualized). designed to carry up to 

3 ft
.'3 

of water per second with delivery efficiency of 99 percent per 

1,000 feet." These goals can be related back to program obj'ctives: 

Water is saved thereby inci'easing aicres that can be irrigated 
resulting in an increase inl farmer incomes. 

Deep percolation which causes loss of land resources to 
waterlogging is reduced. 

Finally, farmers at the ends of watercourses benefit relatively 
more than those at the beginning which leads to a more 
equitable distribution of wealth. 

This example shows how goals are expressed in terms of measurable 

performance criteria; and therefore, the "operational objectives" 

mentioned at the beginning of the chapter. 
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Table 2. Examples of program objectives. 

Increasing Crop Production 

-- Optimizing Use of Plant Environment 
Identification of best crops and varieties for environment 
Breed:ng n( . varr .tes 

rn p riCticesrrpr i- ifl g 

Environment- - Cornfpiernen g P En 
t agri-chemicals
 

Add )rguni( -;itter to soil
 
Add ti]l:h ,-'reage Lv modifying terrain
 

ftcdw<:E: -()-A A 

-- Optimizing .;0or Use 
Chan/g: crpping patlerns to reduce labor bottlenecks 
Education of farmers 
Imp-oved nal rition 
lmprove:d health 

-- Complementin( Labor Use 

Introduction of labor-saving machines 
Facilitote mobility of seasonal laborers 

-- Optimizing (Ise of Current Water Supply and Removal System 
Land leveling 
Use of bunds 
Maintenance of delivery and removal systems 
Improved application efficiency 
Improvement of scheduling 

-- Complementing Water Supply and Removal System 
Modification of supply and removal systems
 
Addilion Af storage capacity
 
Addition of wells
 

-- Optimizing U7se of Current Organizational. Instituiticnal, and 
Legal Infrastructure
 

Rationalization of prices with national priorities
 
Rationalization of organizational incentive structures
 
Develop incentives for Water' Users' Associations 
Education and training of agency staff 

-- Changing Existing Infrastructure 
Add nei oroRanizations to service farmers 
Development of marketing services for inputs and outputs 
Develop new organization Lo manage interregional water 

alloca tion 
Change ,i.ws to allocate water rights to individuals 
Land consolidation 
Land reform 
Organize cooperatives or Water Users' Associations 
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Table 2. Examples of program objectives (continued). 

Income Distribution 

-- Increase Productivity of Resources Belonging to Poorer 
Farmers and Laborers 

Labor 	 Education, extension. nutrition, health, 
machinery, chemical inputs, new crop varieties 
with bhorter duration 

Land 	 (lon. ,lid ition. leveling, increased water
 
.ut,,y. (-c,,mplementing nutrients, higher
 
yi&e.ding ccop varieties
 

Water: 	 Increase application efficiency, increase 
delivery efficiency, introduce crop varieties 
better adited to water 

-- Increase Accel, t,, Productive Resources 
Land Reform, consolidate and cooperative use 
Water lRedistiribution and enforcement of water rights 
Capital : Credit, collective owvnership. indivisible 

capital equipment. (tubewells, tractors)
 
Informatiun : Extension, education, mass media
 

-- Direct Redistribution of Income 
Tax relief 
Subsidies 
Food programs 
Free medical care 
Direct transfer payments (social security, welfare) 

-- Increase Demand for Farm Products 
Transportation, storage, and other marketing systems 
Development of overseas markets 
Development of domestic processing industries 

-- Reduce tncertainty for Smaller Farrr.-rs 
Disease and pest ccntrol 
Regulation of water supply 
Regulation of prices 
Crop insurance 
Organize credit cooperatives 
Establish dependable marketing for inputs and outputs 

-- Increase Access of Small Farmers to Government Agencies 
Organize small farmers into politically-effective groups 
Furnish small farmers with advocates to plead cases with 

agencies 
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Table 2. Examples of program objectives (continued). 

Resource Conservation 

-- Water 
Maintenance of quality of water supplies 
Maintenance of sustainable yield from water supplies 
Increasing sustainable yields through storage 

-- Soil 
Prevention of soil erosion 
Reclamation of degraded soils 
Maintenance of acceptable levels of soil salinity 

-- Air 
Maintain safe quality 
Maintain ;iesthetic qualtiy 

-- Forests 
Maintenance of sustainable yields from forests 
Extend acreage of forests to increase sustainable yields 

substitutes for wood as fuel and constructionIntroduce 

materials
 

-- Fisheries 
Maintenance of quality of water 
Maintenance of sustainable yields 
Increasing sustainable yields 

-- Rangeland 
Maintain sustainable yield 
Increase nutritional value of yield 
Increase efficiency of animals 
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Stratecric Considerations 

Having acknowledged both constraints and objectives, the team 

can, without regarding specific solutions, anticipate cetain strategic 

considerations that will affect the types of solutions setecied for 

dcvelopmen!. 

"le(.rntir)I Virsu,. P#rtrmnent Change 

Of,.- p,,iical realities necessitate immediate results from certain 

project_ "Iir: pr.ug-ram !taff may have broadly defined objectives but 
are expected ',, ,howc,,,uick results. In this case, a two-stage strategy 

may be' appr.,riate. Temporary solutions that can be developed and 

implemnented quickly can be utilized while research is done to find 

might be to implement apermanent answ, r:. For example. a strategy 

salt-tolerantshort-term -,.Aution to :i salini!y problem by growing some 

crops while d. velo1)ing 1ind evaluating long- term solutions involving1

alternatives for lowering the water table and removing the salt. In 

another example, insecticides applied by government agencies can be a 

atemporary solution while insect-tolerant crops are developed or while 

cheaper method of control is developed. 

A two-stage strategy has the advantage of satisfying the 

impatience of sponsoring agencies for results while lending credibility to 

the staff fur continuing their work. Restraint, however, must be 

exercised in use of' temporary solutions. For example, a poor choice of 

insects such as honeybeesan insecticide may result in killing beneficial 

upon which farmers depend for pollination. 

Another danger is that farmers may depend too heavily on a 

one.temporary solution <;o that it is difficult to replace with a superior 

For instance, subsidized power for tubewells may stimulate the use of 

ground water as a temporary solution for water shortages while more 

effective methods of water applicaticn are developed. But temporary 

subsidies tend to become expected, and if farmers are subsequently 

asked to invest capital and labor in more efficient water application 

systems they may resist. 

Distortions of market values and conflicts of interest between 

farmers and the government are inherent in subsidies. Probable effects 

of these distortions and conflicts should be carefully evaluated when 
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subsidies are considered as part of the solution. Using" subsidies to 

"bribe" farmers into rapid acceptance of a program is generally inferior 

to educating the farmers about the merits of the program. It the 

subsidy program becomes formalized and is widely publicized in an 

implementation program, it is difficult to reduce the subsidies and 

obtain continue!d participation by the farmers. When using subsidies 

For s rrt-t.erm ,olutions, piublicity about them should be limited and the 

,te.ative :,,Jlion field trials should be sufficiently separated by 

listance :,,,farmer-pa;irticipants are not comparing what they are 

r(.ceiving with other alternatives. 

Development Costs Versus Implementation Costs 

A difference exists between (a) changing the amount, properties, 

or means of delivery of a given input available to the farmer, and (b) 

changing the technique in which inputs are combined by the farmer. 

Examples of changing the means of deliveijy are the introduction of 

nei seed varieties, ,".,emical fertilizers, tubewells, and tractors. Use 

of one of these factors does not necessarily imply changing any other 

practices. For example, farmers can easily adapt to seedbed prepara

tion done by tractor as well as that done by hand. or to water supplied 

by a tubewell as opposed to that supplied by a surface water system. 

Examples of changing techniques of combining resources are a 

switch from basin irrigation to furrow irrigation, a switch from 

uncontrolled flood irrigation to utilization of a bund and controlled 

paddy irrigation, or a change from dependence on an outside agency 

for water supply and regulation to a water users' association that 

maintains and regulates use of local watercourses. Generally, changes 

of this sort are not standardized and require that farmers adapt the 

new technique to their circumstances. This implies an increased 

understanding that is not required for changes of the means of 

delivery.
 

Changes in the delivery method generally require adaptation before
 

implementation. Seed varieties, pesticides, fertilizers, and power
 

equipment may require adaptation to local conditions. In addition, they
 

may require elaborate organizations outside the farm or village to
 

support their use.
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However, changes in technique leave part of the adaptation, the 

development, to the farmer(s). This has implications for time and 

money requirements for development relative to time and money require

ments for implementation: changes in mode of delivery generally require 

more careful research and development but they are readily adopted by 

farmers, while for changes in technique the reverse is true. 

Consequently, if solutions that can be quickly implemented are desired 

it is best to use changes in mode of delivery which are easily adapted 

to local conditions. This generally excludes comprehensive changes in 

husbandry techniques and new', crop varieties bred in different climates, 
or machiner'y for which there is no supporting marketing and service 

network. 

Centralized Versus Local Control 

There is another trade-off closely related to that between changes 

of delivery method and changes in technique which is the trade-off 

and local control of resource allocation.between centralized control 

Surface water irrigation systems are often centralized in an organization 

because of the highly connected nature of the distribution network. 

irrigation systems are typically not as centralized becauseGround water 

the delivery system is part of nature, although the connectedness of 

aquifers and the probable competition between users suggest a need for 

some centralized control. A valid argument in favor of decentralization 

aware of their environment thanis that local decision makers are more 

others. Furthermore, taking responsibility for allocating resources 

action. This lattermotivates the local people to support the needed 

theme throughout the manual, encouragesargument, a continuous 

1) farmer involvement in the research and development process, and 

2) democratic team management. 

However, there are situations where central control is more 

efficient as well as equitable. For example, maintenance and cleaning of 

is a problem in many countries. A major cause of the a watercourse 

problem is the general lack of social cohesiveness in the villages to 

accomplish the work. Water disputes are sometimes a cause of divisions 

within village societies and at other times water is used negatively 

against opponents. Since this divisiveness is rooted in the cultural and 
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historical heritage of villages, it is not likely to be improved by asking 

farmers at the beginning (head) of a watercourse to contribute their 

work or money to projects that benefit those at the end (tail) more than 

themselves. !deally, local farmers should be able to maintain their own 

watercourses since they are aware of the conditions. Their maintenance 

costs should be low and the quality of workmanship good because the 

farmers are personally affected by the performance of the watercourse. 

Itowev(:r, loc'l politics may prevent farmers fiom cooperating. Conse

quently, it. may I( worthwhile to use outside controi to impose 

regular~y-scheduled cleaning and maintenance of watercourses. This 

could be (lone by requiring farmers to clean the watercourses 

themselves or by maintaining a crew of workers to go from watercourse 

to watercourse under the employment of a central agency. Costs could 

be recovered through water fees paid by farmers. Alternatively, 

watercourses could be lined, thereby eliminating or reducing the need 

for cleaning and maintenance. 

The issues here involves politics of government agencies. If 

authority for resource allocation is assigned to those outside the 

community, the community tends to become dependent upon the agencies 

making decisions and the agencies tend to preserve their authority. 

Therefore, it may be a mistake to regard governmental control as a 

temporary expedient while communities learn how to organize for 

collective action. Additionally, the creation of a new agency or a new 

domain for an old one can lead to jealousies between agencies. 

Argument.s do favor the encouragement of farmers toward solutions 

at a local level rather than relying upon central authority. 

Nevertheless, urgent situations or difficult social problems may warrant 

the intervention of outside assistance. 

Preserving Options Versus Gaining Focus 

Many uncertainties exist at the beginning of comprehensive water 

management projects, including those regarding technical feasibility, 

Limited surveys on some watercourses in Pakistan and Sri Lanka 
indicated a majority of the farmers contacted were discouraged 
concerning voluntary cooperative maintenance and would welcome 
government enforcement of reasonable standards of watercourse 
maintenance that would be done by farmers. 
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economic feasibility, and interest groups desiring to affect the direction 

of solutions. On the other hand, the system is often so complex that 

infurm;ition availalie surpasses the capability of the staff to do accurate 

analysis l'h. tendency is for individuals to focus their attention on 
areas of fami iartv which leads to a fragi-ented. direc tionless effort. 

The prograin manng'.r needs to direct the Staff tow.ard a commlion focu.s. 

yet anticipita: ItInC ,n ties that o,e't1r fl'o he rescl'ch -ttcv elopmen 
process () attain foe u while maintaining iitv u ntic ip I'i i-eluins 

' tion of tble I; c:ln i a t hler' 11 efrl't. c Un CtlaI:1in situation ., alon-," 

with appropri;t lnning. events develop. unnecessary alternativesu As 

may be atandcn:-d and the st aff can direct its attention to remaining 

solutions. 

For example, it a large irrigation system has a serious misallocation 

between regions due to historical origin of water rights, program 

personnel sh old present their data to the appropriate government 

offici:ds ;and suggest reallocation. The decision regarding the matter 

will he m;vi Ly officials who must consider political realities that may 

The staff could prepare to respond to adetermine the. solution. 

decision to reallocate by determining the optimal means to use added 

they could also preparewater m the water-scarce region. Conversely, 

for the alternative by searching for ways to extend the acreage in the 
water-abundant area and to efficiently use existing supplies in the 

an awareness cf program resources,water-scarce area. With 

constraints. objectives, and strategic considerations, the project staff 

can begin searching for solutions. 

HOW TO LOOK FOR POTENTIAL SOLUTIONS 

Ideas for solutions will generally result from the experience of the 

project persoinel. However, their experiences may be limited to 

easily adapted to new situations.different environments and may not be 

will also be a tendency for staff to defer to those in disciplinesThere 

most closely identified with the problem. However, since the causes of 

several areas, the best solution may require aa problem may involve 

variety of changes. Therefore, the program leaders should actively 

encourage an interchange of ideas between people of all disciplines and 

between clients and the staff. 
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Methods for Generating Ideas 

One technique for facilitating ideas among staff members :s a 

formalized brainstorming session on each problein. Before each session, 

team members must become familiar with programn constraints, objectives. 

and strategic considerations as well as with the paraimeters of the 

pr,,blems under examination. The manager ind staff should indpend

ently ](,tr ir .e !e ;olutions. Additionally, the manager should(1kr jss 

wr,'/'it!(Jus tiun sto g;uid, ;a discu'.ussien of the problem. The project 

manager should en'ou ', comments and solutions before presenting his 

or her own ideas. This builds self-confidence in the staff, helps gain 

their input., and generally establishes the manager's credibility. All 

solutions that can be generated should be recorded without evaluating 

his solutions ifthem. As the discussion slows the manager can offer 

not aleady proposed. All of the solutions should be evaluated by the 

group. A quick and easy way to make this evaluation is by vote. 

way is byUnfortunately, this tends to polarize the staff. A better 

achieving a consensus when possible. 

Obtaining consensus requires development of an objective attitude 

by the 	 project personnel. This can be fostered by the manager and 

staff if they verbally consider the solutions proposed bysenior 

and others. The manager should let the discussion continuethemselves 

unless it. becomes repetitious. When individuals are convinced their 

hearing their consideredideas have received fair and input is being in 

consensus is usually achievable. Occasionally, thethe selection, 

have to make a decision without a unanimous consensus.manager may 

made by consensus produce the most commitment toHowever, decisions 

action. Consequently, time spent in developing a consensus is 

generally worthwhile. 

session 	 are ideas from farmers and officialsImportant inputs to the 
elicitclose to the problems. Several methods can be used to these 

views including: key informants, in-depth interviews, and attitude 

surveys. Ideas should then be presented by team members during the 

brainstorming session. 



Identification of Plausible Solutions 

At a later session the staff should identify those solutions that 

should be f. ier Those inconsistent withinvestigated. available 

resources or" ojectives should he reject:d. Aspects of a suggestion 

identifiable ;is ,levan I to t.ne o)hjC:tiv s, resources. or strategic 

considerations should ,hen,)1.ed for attention and assigned to individuals 

or committee,:s fr in V 'si; ,n i'ersonnel must rL'view literalure., write 

to or'I" it - x e)(-I 1;and vit sites wher'e solution ideas miay he 

observed in v;lr'itous s o (levclopment. Constraints thai block goodLf 


solutions should1(. ex:m1ined t,,determine whleht-"' th y may bt, at least 

partially eliminated. exam i-c government onF,,," a rcstriction import

ing farm m:chiner'v might he relaxed in a st,cial ca.u if it can be 

shown that th. nt( effI.('t on orcign exchange would be l)o0itive. 

Obviously implausible solutions should te ellinated, h ut care must 

be taken not to exclude unconventional ideas simply because they are 

different. Unc:,nventional ideas may provide new views of problems 

that are important in considering alternatives. Adherence to checklists 

of criteria lm(;se I on program objectives and constraints will help keep 

unconventional ideas from quick elimination. 

Interdisciplinary management gets one of its most challenging tests 

in this exercise. Individuals from some disciplines are antagonistic 

toward other disciplines yet are likely to be "conventional" within 

themselves. Unconventional ideas coming from other disciplines may 

combine with personality difterences to startI a hostile exchange. A 

skilled manager must be able to guide these conflicts towar'd a construc

tive conclusion. One method for lowering tension is to hold meetings in 

a relaxed and pleasant environment such as a "retreal" where other job 

pressures do not add to the tension of participants. This is not t.o say 

that discussion of conflict should be avoided. On the contrary, conflict 

resolution is a prerequisite to effective teamwork. 

Many managers and individuals tend to suppress discussion of 

conflicts. They prefer to ignore that conflicts exist. If conflicts are 

not resolved, they often grow to unmanageable proportions. Good 

conflict resolution, however, can result in group development and good 

ideas for problem solving. The Project Implementation Manual has 

suggestions on how to conduct conflict resolution sessions. 
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C'I,ASSIIF'YIN(; AND RANXING PLAUSIBLE SOLUTIONS
 

In large t)rojects the amount of information relevant to each 

solution mty b m,'e than can be used. Furthermore. concentration on 

the attempt to utIilize all the inforimtion c:an distract tihe staff from 

their objective.s. A mtth, is needed to,he'lp issess the quality and 

quantity of' i2tfol'1:tion ,'il:dde to naly',e c w !,00 l el . 

One mchth<, ! :i solutions critcl'il mnit 'ix :is shown in 

1.igure :;. Fitch c,lumn ,,I ti, ma tix clrresponds to J potential 

solution; ;,nd ,-ch i,,:%% k-QI(i.jt(AlId-, to a criterion ubed to classify the 

solu tion. "lht h,-,x ait the junction of a row and a column contains 

summa ries of' the knowledtge about the corresponding, solutions with 

regard to the criterion. 

Several versions of the solutions/criteria matrix should be 

generate(d :,iucessive mtrices should have fewer solutions and more 

criteria;is the final .(olutions are chosen and developed, and as more 
detail(( imat ion is gathered for" assessment Figures 3 and 4 

illustrate how the solutions/criteria matrix changes betwe.en initial 

classification arI final assessment of solutions. The matrix should be 

kept current so staff are constantly reminded of program direction so 

they can contribute effectively to its progress. 

Groups Affected by Solutions 

Groups who might be either positively or negatively affected by 

the solution through the mark-t, physical environment, political system, 

or social environment are delineated. Some groups are obvious and 

include farmers involved in the program, agency officials who will 

implement solutions, and agricultural laborers who will be affected by 

new technologiecs that might replace or require their skills. Less 

obvious groups are farmer subgroups such as tenant farmers, large 

farmers, and landlords: non-agricultural rural workers including village 

craftsmen ond merchants; religious leaders; and local officials such as 

"ditch -riders" or tax collectors. Groups outside of the immediate 

watercourse area are even less evident, but they may be affected by 

changes. Especially important is the way in which changed practices in 

one watercourse may affect the quantity or quality of water available to 

irrigators in neighboring watercourses or downstream. For example, 

http:betwe.en
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Figure 	3. First solutions/criteria matrix. 

Potential solutions: candidates for development 
-lution 1 Solution 2 Solution 3 - - - Solution n 

Program Prioritie )
) 
) 	 (See 'Fables 1 and 2) 

.Program con st rinls) 

-,-e- - _I'Fi ce r ,j u!r' n , 


Inter .sV. 't)u 1 ). 'ffe(:ted, 


Co plerine nttie 

Resource requ irements___ 

Figure 	 .1. Final solutions! criteria matrix. 

Developed solutions: candidates for implementation 
Solution I Solution 2 Solution 3 

Economic producti vity effects 
Group 	 1
 

2
 
9 

m
Total 

Income 	 effects 
Group 	 1
 

2
 
3
 

m_ _ 

Resource conservation effects 
Group 	 1
 

2
 
3
 

m 

Uncertainties 
Group 	 1
 

2
 
3
 

m 	 _ _ 
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lining canal. , or wtaticcurse. in some areas might infringe on the water 

rights ,fd ir'riogaior'-, wh, pump from underlying aquifers because reduced 

seepage losses from-, itr'igatiun channels will likely result in lower 

groundwater levels and re.duced nuyMing rates. This is thought to be 

the case in rit of th 7lniT Stt N" , ;In d s1eeifiCa IlV Colorado. 

Similarly, new wells cain ch;nge the water that is avail:bhle to older 

wells ( PersIan wh-cls) drawin e from t.ne s mt :aquil r. 

Effects )I' tht sc,lution- ,ire unlikely lo te noticed by wroups 

cutside the. imme di dI, vi cinitV until the solut ion is used ext en.- ivelv 

during- he Pl'rject Implmen ttion phase. Then market interactions may 

be signific;ir %,li:n iht price s ire dtepressed hecause of extra crops 

(presuming that prices ;.re not fixed artificially low already) or when 

there is competition for scarce commodities such as concrete, fertilizer, 

or fuel. 

Uncertainty of the Solutions 

At this point in the Development of Solutions process, uncertainty 

refers to the technical and economic viability of a solution. For 

toexample, a case is considered where tubewells have been designed 

"skim" nonsoiine water from aquifers in which nonsaline water overlies 

saline water. The rate and frequency of pumping that can be 

maintained without drawing saline water has been measured, and a 

general theory developed to predict what will occur with fresh water 

recharge, aquifer flow, and a few other conditions. However, a 

complete description of all the conditions necessary for good predictions 

is costly. Consequently, only the least expensive data can be 

collected, and the actual salt content of water pumped by the well might 

vary as much as + 30 percent from that predicted. If the salinity is at 

the upper limit of this uncertainty, the water may be unacceptable for 

irrigation. If this should be the case, and such uncertainty is 

unavoidable, remedies to recoup the farmers' investment must be 

of theavailable. For instance, methods to reduce the salt content 

pumped water, such as through lower pumping rates, blocking off lower 

parts of the well, or more fresh water recharge around the well during 

the monsoon season, should be considered. Inexpensive data should be 

obtained and a generalized theory developed to predict the cost and 

effectiveness of such remedies. 
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Another example of the effect of uncertainty would be the lining of 

w;itrleorse.T whIn the pre-dvevelopment cost/benefit ratio appears 

rmajrgin;l jn(d whe:n !h,. 	 effects on the underlying aquifer, art, unknown. 

In this cs, "Lnc(rtA;in.tY'" may refer to prices as well as information 

about the phywical ,stm 

An important astw':ct ('f uncertainty that can olten he diicnosed 

is. if ;I olution cnJ evelopm-nrt iv -rrvers that 

tO bt .,d xamplevs of I'evcr.-ibh chatn-'es 
before solution 	 is i ilit 

be undon( if it ps 

afld \VwiI'Crui'.Cinclude w;oie sche(tui:i tI;,'r !'comrl-n .atins 

cleaning. l-ela tiv,.lv icrvti-ilo chanLle.s include the construct ion of 

. vstems
daris or can;i!., thL, iPnvestt- ,mn1 inI dec ricit v disti ibut ion 

farms. Another type of irrevers
building of ronads . or mechanizing 

t:) ch;n es in organizational or political stlWUCtUre.
ibility is rela'ed 

once done it is difficult to
Land 	 reform is generally traumatic, and 

change. 
agriculture exists in

A form of uncertainty relevant to irrigated 

action. When a solution involves a
the requirement for cooperative 

property iresource such as a watercourse, an aquifer, or in 
common 

some cases even l:nd, there are likely to be complications of alliances, 

ur laws alrueady governing access to and responsibility
customs, rules, 

for that resource. MIoreover, there will be variances in structure and 

neighboring watercourses, making generalizations
strength even between 

The flexibility of the interested
about cooperation difficult. uncertain 

ways of using that resource is central to 
farmers in adapting to 	 new 

the Project Implementalion phase. 

are because of a lack of information
Generally, solutions uncertain 

research before 
about. the system. U:Tncertain solutions require more 

On the other hand, trials
trials are performed on farmers' fields. 


results

might 	 be justified when the solutions are uncertain and the are 

to be reversible or remediable.likely 

SolutionsDisciplines Involved in Developing 

It must be determined 	 which disciplines are more involved in the 

An example of a solution requiring minimal 
development of a solution. 

that requirewould fertilizer recommendationsinterdisciplinary work be 

the 	 supply
input mainly from agronomists, especially if fertilizer 

http:Lnc(rtA;in.tY
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infrastructure is already in place. Additionally uncertainty is 

beCause may rccommendarelatively,. in significant farmers try and ,',jtC't 


tion , at : m;ill co-. Ih same is true for new \ rictit- of seed,
 

rc(cmmwrindi ' ,,n. for pl:int dens,,ity, an d suggestins for amounts of 

;it ,n flow vz' sion ti.ns that involve change- in multiplevater" 

r;Irts .,f' 111. svYsh.n ;io'e, 1,',th m)lr(, uncertain and -. lui', input from 

more disciplil,' 

.Solute,n', r,' (JuiiliL. new ()i ifnizations, majur" capital inputs, or new 

skills on th, j jit ,' indivi(ual tarmers will reiquire at least economic 

analy sis. If .he, nt.; inputs replace old ones. then it is possible that 

and legal (jucu stions will Irise as Ivell. l"i' example. newsociological 
oil tradit ional relationsmachin ery that tI pllice lalt)O!" ( an put press iic 

and between landlor(tIs andt tenants.between Ifarmers i' an lwhers , 

Many engineering solLItions wib invlve such substitutions. 

aheady been mentionedSolution, invlving coooperative action have 

of the social .system. Water 
as requiring !i.orough undersi anding 
supply and removal solutions nearly always imply some change in use of 

common plropert V Idou'rce

the involvement of various disciplinesEntries in the matrix for 

should include man months as part of the required base data. In this 

way research osts of the solutions can be evaluated, compared to their 

other.potential returns, and compared with each 

'ime Requirements 

is begun, it should be estimatedOnce the solution development 

before there is sufficient information to determinehow long it will take 

the If solution implemented, it is
the acceptability of solution. the is 

require. Time is important,important to estimate how much time it will 

partly because of the uncertainty inherent in developing countries, and 

because of possible short-term opportunities while waiting for a 

long-term solution. 

Resource Requirements 

This item should be divided into requirements for all types of 

is involved including farmers, laborers,
inputs for each group that 



artisans, the agribusiness sector, technicians or mecL-hanics , extension 

workers, ovt i'nm-n t experiment station workers. in1tOthcr goern tm'n| 

agencics lv !e InpputS include shi' - aInd lon.- tcrm k-pital 

invesment., credit, techni c l skiI- , III ',ITI" C .kill. \va t'i'. la[Ol' 

power, trin sI-irtatiofn, st (,r:'1.' facilities. r ' .ing c 1i. ,i 1h ,Ikesatl 

and rt i mar'kvtin a ciiii;s, import- .xp !':ici!itiLu . ;ind foreign 

x:h;n . (,::x!(x r i ,,: rirut requireC at e-ch level can then be 

' I Iom, il kkilh ;i i ; 1ilailit V (f re:soul0c'es and competing demands 

in ord r iI, j,.,', ';:prci ivlit of e;ch olutirn. 

(,,mplemen 1ritis with Other_- Sol utions 

Complementtirtlies may he used -n various phases of the project 

including re-seairch. It is posible that 1he same information is needed 

for sever;l pia usibIc slLiations, For -amthpI. rooting depth ani evapo

tra nspirit ion lolt, i irri g' tion me', hod,, -cheduling, t iming of 

planting, and tht valu, of waiter supplied to farmers at different points 

on a watttrc(,Urse. Another type of complementarity can be used in 

implement ation. IFor example , consolidaltion of landholdings into 

contiguous fields would complement both precision land leveling , A 

watercourse relocation and improvement. Complementarities often occur 

and should ht utilize(d to reduce duplication of effort and to increase 

benefits. 

;nkinpg of Plausible Solutions 

Culmination of the classification of plausible solutions consists of 

ranking them and developing a set of major solutions by the staff. 

Utilization of the solution/criteria matrix facilitales orderly ranking. By 

involving the whle staff in consideration of each potential solution and 

by recognifing their common requirements, there should be less 

tendency f,)r individuals to become identified with certain solutions. 

Program objectives should be the pri:nary criteria for ranking 

solutions. Since the matrix contains information about interests and 

objectives of groups within the farm system, it is good to compare the 

program objectives with objectives of the groups affected by the 

project. It may be possible to redefine program objectives to closely 

reflect the interests of target groups (low-income farmers, tenants, or 
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landless laborers) or to mediate between conflictint' intezests of OgVoup.-, 

within th, f:armin- community. For examphc, two or morc villages may 

be served h- th , ,in( .. t urc L u Afl. j,t ie of t . mihitn rxojccl 

he to dos:ign a w;ltlrcu rs e luninm ro am hat will hav thc !ixillmum 

net r,.venue This m;ay m-an tht sI)mn. ill:i :mnd nt, othe rs will 

receive nn S in( i buit .5,u washing"in g ].rcouse wi for 
cv.oths '- e .ci rh, ,o-h a vi 1 o- wil have 

,, nhitnt> who receive lining 

feel deni-d ;and miv i,:f'um, to coote rai in i t'rograin that b rings more 

benefit to the ,!her pmrticipants. The pogiam objective could be 

changed to a cost tl;lt Wt. juitable 

high v:au. )ti Vill;gci. ()hJ not will 

allow higher solution ]nrcvid mc,- (( 

benefits. In this cx;imple, it could be agrc d It hat ;illsctions of 

wa UbOurs within lOC 1reier.-; of any villahg h, lined. 'lhc prortiml 

objective could bt restated tI inciIde the elUilable lisiIibUtion of 

benefits to all1 largertgroulps in order to ohtain their cooperation in the 

project. 

The actual ranking of plausible solutions should be based primarily 

on the degree to which they will achieve program objectives. Such 

ranking requires judgments of the likelihood of success which are 

somewhat intuitive. It is important, however, to make the judgments 

explicit . In most cases, the program cannot afford to utilize extensive 

experimentation to support their judgments, and the staff must reach a 

consensus on the probable outcomes based on their experience and 

training. The probabilities of success for different activities within a 

program are not generAly independent because of the complementary 

issues mentioned previously. Staff must account for interdependencies 

to make sound decisions regarding the combinations of solutions finally 

selected. 

It is possible to reduce uncertainty by field testing several 

solutions; all of which have a low probability of success, but for which 

the probability of at least. one success is high. As information on 

several activities becomes available, alternatives can be narrowed 

without losing much opportunity for success. For example, delivery 

losses on watercourses are high. The least expensive alternative would 

be a program of thorough maintenance, but the success of such a 

program may be uncertain due to difficulties of insuring the farmers' 
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its economicc(:oJpera tIon. \nother alternative is watercourse lining, but 

success may he q-estionable because of the high cost of cement and the 

poor quality o-f avail;able lining subs-titutes. The best strategy might be 

to begin testing 	 hoth alternatives (maintcnance anti lining,') with the 

more cvi lencc i, 	 iai\*ailibc on Iheintent of choo sing(i the best one after 

success of cooperative work :arrangements for thei m;intenaince, and the 

building" materials for the lining.effectiveness f alt,''rnativ 

it. may be that a highly ranked solution17nder some cit'a'CUP1bt:nics. 

might. h)(: fvor.'ld:veloping several lower ranked ones that',1 
Al tern atiey asy and temporary solutions to

require le~ss , re-,,rnes. 

while better tbut more long-term solutions a problem may he(: developed 
tolerant could 

are research d. For introduction of salt cropsexaimple, 

be tried at the same time attempts are made to find ways to lower a 

high water table through changes in the water supply and removal 

subsystem. 

EXA.MPLES 

this section illustrate how the
The examples 	 used in 

might identify solution ideas, eliminate unfeasibleinterdisciplinary group 
for potential development.the remaining onessuggestions, and rank 

to on-farm water management spans diverse
Literature relevant 

is made toTherefore, no attemptdisciplines and is constantly growing. 
the irrigation

name definitive 	 sources of information relating to 

problems described in this section. 

Example A: The Cotton Emergence Problem 

It will be a ssumed that the overall objective of a project was to 

emphasis given to
increase the productivity of irrigated agriculture with 

In discussions with
helping farmers with small cultivated acreages. 

it became clear that falling cotton production was 
government. officials, 

makers because domestic textile mills were having to 
a concern to policy 

improve cotton production.import cotton. Thus, a goal was to 

During the Problem Identification phase it was determined that 

cotton acreages were declining. Farmers
both cotton yields and 

as the main reason that yields were decreasing
indicated insect. damage 
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and that low yields make cotton production unprofitable. Agronomists 

noted that cotton yields were far below their potential even without the 

insect problem. and that most farmers had very poor stands. A! first 

the poor stands were attributed to the seeding" rate. but obscr\'ations 

of farmers during the p linting season .dhowed ;ICCept able :i Is. 

Moreover, the seed germination rate was high. This led to the 

discovery that poor stands resulted mostly from poor emergence due to 

h(.VeI'e soil crusting problems. Crusting is generally due to the low 

organic content ;and high silt. content of the soil in combination with the 

basin method of irrigation and high temperatures. 

Conversations with farmers revealed that they knew about the 

problem and tried to solve it by irrigating before seedbed preparation. 

This sometimes allowed farmers to postpone the second irrigation until 

after plant emergence, but this preplanting irrigation requires water 

during the most water-constrained period. Therefore, the preplanting 

irrigation is 
"brainstorming 
Figure 5. 

often not 
session" 

done or 
team mem

not properly timed. 

bers devised the ideas 

During a 

listed in 

During preliminary screening, sprinkler irrigation was eliminated 

as implausible due to heavy requirements of capital, energy, foreign 

exchange, and technical skills. Increased wood production was also 

disregarded because it was outside the ability of the team to change. 

Conversion of manure to methane and the use of crop residue was left 

as the plausible means for improving soil structure. All three methods 

of furrow irrigation were considered plausible solutions although 

concern was expressed that use of furrow irrigation would favor 

farmers with large landholdings and violate one proposed priority, that 

of focusing upon assisting farmers with small cultivated acreages. 

The five solutions were then analyzed using a solutions/ criteria 

matrix (see Table 3). A first priority was increasing cotton 

production, and the cost of delaying this increase was considered high. 

The Ministry of Agriculture had already begun a campaign to introduce 

that first rankingthe use of insecticides for cotton so the staff decided 

should be the development of furrow irrigation. There was a serious 

to concentrate on hand implements, bullockquestion whether 

implements, or tractor implements. Income distribution considerations 
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tendencies 	of 11. Improve structure of soil to educe cru s;ting 

An maur 	 Crpiid
sil 

Find substitute for cropFindI u ,Jtite for a n im alI 
residue used as fodderma,j!1u,1~ " aS fue 

so more of these residues 

the soil 

Increase foddConvert manureIncrease wood 
yieldsproduction, 	 to methane, use 

by-products as
f ertilizer/soil 
condition 

2. Use sprinkler irrigation to soften the soil crust. 

to allowrather and aboveflooding asthan basin the seed an3. 3 Use furrownaieoprrrhhwuluslssatr_irrigationsoil aroundcapillary wetting of 

Construct furrowsConstruct furrowsConstruct 	 furrows with tractor powerbullock powerwith 

if
by hand 

I:: 
Design tractorDesign animal-poweredDesign hand implementimplementimplement 

cotton emergence
Figure 5. 	 Example of potential solutions for the 

problem. 
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Table 3. Solutions-criteria matrix for analysis of research and 
development strategies for the cotton emergence problem. 

i.. I.nrids. . toto productiton 

a. iner.itse
yields
 
Improve Atands VIa better soil conlttun Stil uootot tin', Nt 0 + . 

(lag Of 2 to 5 yeira) (Ir of 2-5 years) 
Contrnl Insects 0 *(by iing ip . af __ 

insetitcldIs an.ior) 

;... , r...to 0 (1 ?(ess tlme per field, 

but nmilnerd Pnre pi ipi) 7 + 

t.,trels Averse
 
tlyrle ;,lillthillty 	 tn'llreitt Increase by 0 + + + 

fedif~ii iodderAfCR 
... .............. ............ ......................l t r i n ...... r c n - ..- -...... .. .. .... .. d .. n ... ..... .... v r ra ~ .. ... r . s Ha . o ... e ... o n l r e ........
...... ..... v 'l o nD ........ ......... r~ s n ln g rF . .......... r f e . . .... a .... m l .... n ..... ....
. ......... 

?. ?-pint.SiiilI Income Direct increase tiny favor larger Pvotesent o~r May favor saller Favors largerfarmer farmers 
fartlers farmurs farer. 

1 144.1i01 COSTRAINTS 

I. 	 Per..unnel 
Ag.roncnls (2) 1 nan-year 1/4 n-yeor I onr-year (Shape of furrows same for a4l. three mothod) 
•d. 	 Engineer (1) 0 1 an-year 1/2 on-year I san-yar (Sian. basl % io-yc.-ir 

deulipi$ adaptable be
(wunl irx.on& trivtur) 

Econoilst (I) I an-natlth I mo.(assetd feast- 2/3 n-ypear (.tudy difft 'retila effclit.t) 
tilllty af 

0 ...sociologist (I) 2 Pri. ui'rtILve tl) I man-year (si tidy pti[ot ll ar.iuio.ltnou. id co.p use of 
tr:itor Irttsr I 

Manager (1) 1/2 mn-uatuth 1/4 Mo. I so. I me, I o. 

2. Bulget 
tIabequipment + + 0 0 0 
Tr:ictor + 0 0 0 + 
Field equLpment + 0 4+ t 
Field Assstants 2 L I I I 

3. Access to Minlstry of Agri.
 
Enpurloent Station + 0 + + +
 
Agric. University + + 0 0 0
 

4. Three Year Program $ose results in 2 years Some results In one Some results I yr/ Some results 2 yr/field model 3 yr 

yar/field model In field use 2 yes 

two years 

Impact in 4 to 7 years 	 Impact lo 4-7 years Impact 2-3 years Impact 4 years ispact 4 years
 

INTEREST GROUPS
 

1. S4aIll Farmers Relatively g|reatest ? i potential IIIpotentlal WO potential
direct Impact 

2. Labor f'armers 	 d +(abillty to Invent LO potentiol MED potential ill potential 
4+ livestock)
 

3. Landless laborers 0 [current right tous + + -(would displace 
of manure might In busy season) 
be lost) 

4. Local Mechanlce 	 0 + 0 + + 
S. Cotton Mill ars 	 0 0 + Indirect) + (indirect) . treet) 

UNICERTAINTIES 	 Varietal yield potentials, Cost of cookers Farser accept-nce
 
farmer response, nutrient Danger of explosion Labor requirement for planting
 
resanso, petn,, ItIter Farmer aceptance lbor requlremunt for irrigat IO 

repans,n utritoatI Labor reqtuirements Cost Cost
 
value
 

CO0IPLrtIE4TARIIf;ES 

* Govt Post Control Pro . 0 	 0 4 ern uof Itpp Ic lr ) 
2. 	 er. Fodder YIelds U 
3. Metitne Productin 	 0 0 0 
4. liandnade Furrows 	 0 0 0 
5. Oxen Forrming Impleent 	 0 0 tn rese.irlh-doeniiit ioroio -e 

6. Tritor Furrowlne implement 	 0 0 *n.ir, -.er. u.. . 

RESOURCE REQUIREENTS 

1. Farmers
 
Manalagent + 0 + 4 4
 
Lbor + 
 +. 	 + {- Ito,)dinlrIpl 


(IJ.ciir*tiI a ,i t.'il)
 

Water 7 0 -


Csnh + 
 1. 0 +
 

Poser 0 0 0
 

2. techanlics
 
.lageaent 
 0 + + 
t~au: 	 0 .e II 4 #+0h0 

3. Ministry of Agriculture
 
Manag ement + + + (Extension) +
 

Cnh 	 + + + -,4
 

4. Cotton Hills
 
CApaIty 0 (+ Indirect) 0 (+ Indirect) + + +
 

5. Fertiltier Suppliers + 4 (Indirectvia Increased crop response to nutrients 
due to stands and water) 
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seemed to f. vor hand implements, but uncertainties about their 

acceptability, especially for farmers with average- and above average

sized holdings made adoption of oxen- or tractor-pulled implements more 

likel y. In any a, the initial step in developing" furrow ir'rition was 

rese'a nh th,: opVim:ai shap)e, of fuvib that could be started 

jirime(liaiel' .l 'inl,, (:Uitfl l t v5 ava,;ilable hand Uintlpeme-nts. Since results of 

Ihi.-, r'... '(l w',, , :,p~ caole to iul o's ni by al1 poxYer sources, 

in 1iiai , i,' ll t rn,, ,hs, z. trictor/oxen d.velopment did not 

e-liminate- l;Ir ci f, r ri:udclvelopmnent of hand implements. 

BeCCausec' this choic fr(d some of the agronomist's time, it was 

decided to give second ranking to increasing fodder yields as a 

long-term investment. It %,,s noted by the agronomists that increased 

fodder production could imln,,ye cotton production in another way. 

Farmers normaliv aillow weeds to grow tall lm: !heir cotton before removal 

because the \\Q eds are used as fodder. It wis hoped that. bell('r"yields 

from foddec rons would satisfy the requirements and that demonstra

tion of better cotton yield, from early-weeded fields would motivate 

farmers to weed ear'ier. Also, increased fodder productivity was 

attractive because it favored farmers with small acreage and incomes 

proportionately more dependent on livestock. 

Example B: Watercourse Efficiency 

Waterlogging and low productivity were the reasons for improving 

on-farm water management in another area. The Department of 

Agriculture was convinced that the waterlogging problem was primarily 

a result of water losses from large distributary canals, while the 

Irrigation Department thought that farmers' mismanagement of their 

water was the source of the problem. Information from the Problem 

Identification phase revealed that farmers near the head of each water

course over-irrigated and their fields were not level. Since they used 

basin irrigation, this resulted in iow spots that were susceptible to 

overirrigation with resulting deep percolation. Farmers at the end of 

each watercourse were more careful with their water, spending effort in 

leveling their fields during the short time period after harvesting and 

before the next planting. This led staff to suspect that faimers at the 
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end got significantly less water per acre than did those near the 

beginning of the watercourse. Measurements were taken and the 

delivery efficiency at the end of the watercourses averag'ed less than 

50 percent. 

The reason for these losses was suspected to result from a lck of 

cleaning ,ind m;dtintenance of the watercourses. Discussion among staff 

raised jo.stin s,as, wbethe r cleaning the watercourses might increase 

IOSs5(. lA5 t,, the ',.moval of silt which scjalis the bottoms. The counter 

ar/gumrnt.a, Ili;tl compacting and subsequent siltation would quickly 

restore the seal and eliminate holes made by roots, insects, and 

rodents. 

When a brainstorming session was held, there were strong opinions 

as to the best solutions for the water delivery problems. The civil 

engineer said that lining the watercourse with concrete or masonry was 

the answer since it eliminates the problem of imiain lena nce. The 

agricultural eng'ineer pointed out the high cost of cement and bricks as 

an argument for, developing a program of improved maintenance. Others 

suggested installation of pipe as a possibility. Still others suggested 

use of chemicals to control weeds, insects, and rodents that were 

making the watercourse banks more pervious. Another suggestion was 

to use wells at the midpoints of the watercourses to retrieve the lost 

water from the aquifei and distribute it to farmers at the lower end of 

the watercourse where supplies were lowest and application efficiency 

was the highest. The economist suggested reallocating water to users 

not on the basis of' time but as a pprcentage of the land served in 

order, to motivate all farmers to take an equal interest in the upkeep of 

their watercourse. 

During the screening session pipe was eliminated as a possible 

solution due to problems of' siltation and capital costs. Pesticides and 

herbicides were also eliminated because of the potential harm to people 

and crops. Energy costs involved in pumping caused it to be 

considered a poor alternative to reducing water losses. Therefore, the 

three solutions considered the best for development were: 1) water

course lining, 2) improved watercourse maintenance, and 3) a new 

method of allocating water. The latter two solutions were not entirely 
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sefpar'ate-. Another consideration was that a new method of allocating 

wate:r might j;.Jk,: further gove-nment intervention unnecessary. The 

lhree ,olutions a re dipiklayed in a solutions/criteria matrix shown in 

Table ,4. 

Ranking the. !Yrec alternatives w as not unanimnous bk.cause of the 

partially subj(-ctive nature of the process. At firmt lining the water

courses a-pne rd best. All the farmers would un ider lining to their 

advantage-, t'airmers at the start, ot' tht wtoul loei ;Iva 

neatly lint-. diitc h to pjrevent seepage to adj aent fields, those it the 

end woulIId als, have ai n,.atlv lined ditch and more xvatcr, thc Irrigation 

Department would no-)t havle to contrldI it h di pit s,". ,o I oorly
mraintained earthen waitercourt : is ,4nd thc ,liilty ()f A-ricuIlture would 

not need t a vin exten ,ion personnel to hllp 1"a'rI rs illprove the 

walercour. s . DuJiVJeVVer ',ffici.nCV w, Uld be C';u tst Uindetr this alter

nativ,.e a-ndt ,.wuld reduced most. thenbe et'iogi the tlowcver, cost 

rf inng w,,uldhi betw eon $2 and $5 per lool, aind if farmers financed 

thi., cos t. thei r i husiasm for lining might diminish. Previous 

experi nc( t-has -own that when the gove:rnment finances the cost 

farmers do not vaILte the watercourse highly and do not take respon

sibility for its maintenance. Thus, proponents of lining had to admit 

that other alternatives had some advantages. 

Improved maintenance appeared to be the lowest cost solution. 

Furthermore, it would lead to fairly immediate tangible outputs since the 

a On the otherfirst watercourse could he completed within month. 

hand, farmer.s might not continue a maintenance program without some 

incentive or inducement , and the likelihood of farmers organizing was 

questionable since potential gains to individual farmers varied greatly 

depending on the location of their farms along the watercourse. The 

result might bec a continuous effort by the Ministry of Agriculture to 

motivate farmers to maintain their watercourses, However, the Ministry 

not like the prospect of having to use its resources in organizingdoes 

water user groups. Furthermore, there was some uncertainty over the 

ultimate water delivery efficiency of this alternative. 

Lining and improved maintenance competed for the same resources 

and tended to be mutually exclusive in application. However, improed 

maintenance and reallocation of water resources were complementary 
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matrix for anci, 	sis of research andTable 4. 	 Solution criteria 
development strategies for the watercourse efficiency problem. 

of later 
of Water- I Improvvd Mainten,ince Reallcation

i-ining 
,ot watorcoul ScScourses 

PROGRAM PRIORITIES
 

not kowau;Ic 1KVnot owu; Iffir i ccv 
1. Reduce Waterlogging Most efficiLnt 

le.st cost to 	 cv.Ilow cost 
1 miu Tku rt' . ,,a

deliivory sste; 
highcst capital il~\V 
cost ; 

+ 
2. Increase Productivity 	 + 


PROGRE: CONSTKAINTS 

1. Personnel
 3 yrs
3 yrs
Agri. Engineer 2 yrs 

2 yrs
2 yrs 	 2 yrs
Hydrologist 
 2 yrs


Civil Engineer '3 yrs 2 yrs 


Agronocist
 
2 yrs (org. of 	 farmers 3 yrs (study effects on 

Socicioc:ist 1 yr ( 
into coop assoc.) 	 social cohesivcness 

and feasibility) 

(B/C analysis) 1 Yr (design co:.pensaticn
9 mos (B/C) 	 9 mosEcononist 
 mechanism)
 

2. Budget
 

3. Access to 'inistry
 
of Agriculture
 0
0 must agree to user 
Policy 
 asscc.
 

0
must agree to 	user
0
Operations 

ass c.
 

4. Access to Irriga
tion Dept. 

0 0 must agree to change 
Policy must police chaiw.n00,
Operations 


2 yr research1 yr research 
5. Three year 	deadline 1 yr research 

1 yr development developmont
12 vrs development 

implementition
10-15 yrs implemt. 	 10-15 yrs imple t. 1_ yr 

and imp.tct impact 5 to 10 yrs.
and impact 

INTEREST GROU1PS 
small positive 	 Variable prubably negativesma11pos itiv e p) it v po sitiv~eFarme rs : Head 	 0 

Tail 	 large positive 
0
 

Local Irrig. Dept. + 
ambivalent

National Irrig. Dept. + 


Ministry of Agric. +
 

RESOURCE REQUTREMENI 
' S I
 

Farmers off season
off season; shadow
0
Labor 

Water price O +
 

+ 
 +
 
Water 


Cash
 

Ministry of Agric.
 
Extensicn workers + 
 + 	 +
 

Dept. of Irrigation +
 
Management +
 

- Feasibility

Cost of lining - Efficiency of 


UNCERTAINTIES -	
- Costs in social condelivery
- Life of lining 
 flict in water, nurses
 - Ability of farmers 
- Method of measureme.etto cooperate with 


control

unequal incentLves -	 Method of 

COMPLLMENTARITIES 
1. Lining	 0
0

2. Maintenance 	 +
0 

3. Reallocation 


http:measureme.et
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regardless of
because the same watercourse design could be implemented 

scheme adopted. )loreever. much of the information
the wa;ter allc'ation 

' water users associations) is also , he pptntialot forn(eded to a 
water

foIh r .s . ,. gi t he foa.sihiiity of :2 co, pens aion sch eme for 
nmd. t 

tr;id, to he h,twe(.n higrh delivery efficiency,
r.,llo' ; ni . The i,. 

v r delivcry efficiency,
high cost, and 1(,ss a initiative: and,,f 1,,c 

TCC ranked,iLt.nomy imp r lrain ti i0 Was 
lower s t, dI0 tlo , ! i d 

fir'! [Kc(ius( )f it " lowv LOst .pute-ntiail for '-stc-ring cooperaio n among 

%%\atc'" 
and its p,s'i I al c-Ium pom tIa1 yi with any lIt urc 

fi-m(.rs , 

reallocation so hem e. 
Lining w I rc-u'seb was rranked scond because of its highly 

water was ranked last, mostly because 
tangible results. Reallocation of 

which it was asscia toil. N verthelesb, the 
of the uncertainty w0ih 

for six monthsthe alternative
staff economist was assignedt tA) research 

with the sociologist to deL.rm e farmer 
and then cnduct Studies 

the option would be investigated
to the idea In this way,reactions 


further to determine its feasibility as a long-term solution.
 

http:fi-m(.rs
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CHAPTER III 

DETAILED DEVELOPMENT OF SOLUTIONS 

Groundwork for solution dev'elopmemnt should have begun in problem 

identification and during the identification a1nd rinking of solutions. In 

this 'hapt i' i , !f,,le(n.I Th,. earlier ph .s.> have provided a basic 

unrje7 " ;afu ,A h (: :,5Vtii, a bJ()oI l with firrmcrs, a cleair!y defined 

'sf:t of ,l .. ;irji ;i ( .;ia(:d pl:n of aiction. Responsibility for 

,:xe'.cution (.dI lhi p-llan isi with the: entire group. The manager has 

special re spnsib ilities fr" ('o,,dinaing activities: motivting the staff; 

and providing the conditions, personal example, and leadership that will 

hell, the group work tu.ether and involve their clients in the research 

and developme.nt taisks. 'this chapter outlines principles for the testing 
and adaption of solutions (Figure ;), and uses the two examples 

introduced in Chapter 11 for illustration. 

METHODS OF DEVELOPING SOLUTIONS 

Devising_ Goals 

By this time the team should have narrowly defined objectives, and 

when research -egins these should he refined into operational objectives 

and corresponding critera for measuring the achievement of objectives. 

In addition to the detailed research and development activities that have 

been planned (Chapter II), tasks must be assigned, expected results 

defined, and deadlines set for completing the activities. 

Some guidelines for setting goals may be useful. Goals should be 

set participatively by the staff. Goals inposed by the manager do not 

produce commitment for accomplishmen by the project staff. Each goal 

should have criteria for monitoring progress toward its completion. 

Generally, self-monitoring is best since it fosters commitment and does 

not detract f'rom control when measurements are available for the 

criteria. 

The goals and criteria must be written precisely. First, the goals 

must be stated as desired results. Steps to reach the results are then 

defined. For example, if an engineer's goal is to find low cost methods 

for watercourse lining, the engineer must be able to describe the goal 

http:developme.nt
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;orid thel ;IJJJ'(,;w(h to it. , achievement. Completion dates for each step 

-,hoijld i f ,lii, e The first step might involve testing alternative 

iii tr1ids for. at(- retention, durabilitY, and labor costs, The types of 

materials and .specific t-st. sho uld ! e de crih,,. Criteria mi'ht include 

a description A' a satisf'actorv low cost t'i'OU i's . 

Communication and Fee'tdba;ck4 

The issue of communicatic,n is tund:ini. nta1 to the proJ..ct's su.cs. 

There are principls that ca n be followed to facilitate effective 

"communica! :on. T hes( afeet both the tccu rac of information 

transmitted and the murale of the personnel. Techniques for improving 

feedback is (lt.atiled in the Prject Implementation manual. 

Critical ll 0 );1 k ic ,f particular to teamao-,: concern a manager 

because it' it is done ' .I1 it ,'an be the primary means by which the 

staff can crt-ect mistakes. It is best. if feedback is given 

continuously, naturally, and informally during the course of a project 

rather than waiting for major evaluations. Major evaluations are 

essential, but feedback should be continuous. 

l"armer Involvement 

A special type of communication is that between the staff and its 

farmer-clients. Project personnel must remember that f-irmers who 

adopt a new technology or practice must fit it into their existing 

cropping system and their social and physical environment as well. 

While the agronomist or engineer may be more familiar with the 

intricacies of the innovation, the farmer is more familiar with the 

context into which the innovation must fit. Therefore, time spent 

keeping farmers familiar with the basic motivations and principles 

behind proposed solutions result in farmer feedback that will help 

identify other alternatives as well as erroneous assumptions or faulty 

logic of the team. Some situations virtually demand farmer participation 

such as the design of implements for bullocks. The designer knows the 

purpose of the implement but the farmer is more knowledgeable about 

the abilities and limitations of the bullocks. In other situations the 

need for farmer input is less obvious and researchers must use it to 

ensure no surprises are likely to occur. 
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There is a tendency that must be controlled if technicians are to 

establish rappor! with farmers. Because of their broader experience 

and training in probiem soving. th.- technician wh, li.ttn.o closely to 

the farmer ,will often perceive the nuw .solut i ,n 1: fc th. l'al'llel. At 

i ,this point th.re a ti.ttmp icn ',i' t0'ch i.'1:h c I . t .-oliltion 

their own i: ,' oherebf'btt, , !,i'Ji .and ''', th,;, 	 , tiufl 1,, 

to thE. dE: 1 r..,nrt -'r .- . l . 'tC 2 :' c. t he f;lInt'l" ilto 

deendir . ,xistiou' :at j nv:tintin : demI .e sit , feiu . dit inally 

farmers 	 h;,vc n . ;)at ae demion-straitions comparing ne, And 

u rren r :,,l i p'; e . When such p.,!, tiri.ation develops fiirmersn; 

may refus 1, ,knwlt- /;: ard idupt the new pr'actices. 

This s.t o.nce ,f n(-ative reactions can be -_vo()ided if technicians 

will h elp f;Irm,!'- n, e 'st:ini the back g'round of a problem, enlist their 

thintin- new 	 openlyhelp in of -l ti-ns, and acknowledge and publicize 
the farmers ,,1) in neveloting' the answe ( By3) following this 

course. the tchlnician s allow the farmers Io feel a personal involvement 

in choosinK lhe hm st alternative, and they become objective 

experimenters rather than defensive proponents of the currently used 

techniques. 

A dividend o1 farmer involvement is that the falllmel's become 

excellent promoters of the best n w sol tlions. They also become 

extremely fftct ive in describing the advantages to appropriate 

government officials and other farmers considering implementation of the 

new solution. 

Research Strategies RequiringCollective Action 

The common property characteristic of irrigation systems 

frequently requires collective action to implement a solution. However, 

development of such solutions usually does not lend itself to controlled 

and replicated experimental approaches: rather, the alternatives must 

be developed through a "learning while doing" process. This is termed 

the "case study" approach. 

Similarly. through a "learning v-hile doing'" process, the staff 

builds a basis for prescribing education and incentives that motivate 

farmers to take the action that will improve their production system. 

of thisUnfortunately, the nature of communities prevents translation 
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action into sets of rules or guideliNS to he handed over for 

implement a tion. Thereforn, it is sUg'g'eWtd t t 0h SthInlutiOns 1'etuire 

collective action b v farmer', the Developmnt of Solutions 'ihAt. .Ohould 

overlap the Pi'ojt:ct Imp lementation phast .o lth:t per'sonntel in volvc w'it h 

the initial sl.atL,'es of inplhmentat iuon can -iin 'nc by bcing part of 

the resa-rAh aind development 'ronup. If this it not posible . then the 

trainiri,! , '..,;m for irnrt,,m'n.t;iOn statl must inciude field experiences 

th; r" 'ut1 ' o lective ; t i,n iL f;ar i'ers. 

In (It ,.,bd it is exfpected tha, some trials will fail. 

In the cas- -ttly aji,,;:h it is important the solution not fail both fur 

,the good of the fartme- ;rn(t for- the credibility of project personnel. 

toConsequentlI', it is implotant to choose the most c)operative farmers 

compose the initial g'oui). After the solution has been successfully 

demonht 'a ted, it can be t'ied on more dtifficult group's ' under less 

favorable cditions 

If' the staff' ,:annot convince a significant majority of the farmers 

that they may expect a personal gain from the solution, the'e will be no 

cooperation . Fu'ther'mor'e, even a small, strategically placed minority 

who feel they' ae not benefiting can subvert a project. It is essential 

to find ways in which some needs of all farmers can be served by the 

proposedi soiut in. This sntrategy 'equires an investment of' time to 

in the program tounderstand rmewrs' needs and to develop components 

compensate those who pe'ceive they will receive less than their share of 

the primar'y henefits. 

As an example, the C'olorado State University experience in 

develop collectivePakistan included a major effort to a program of 

wate'course improvement. In the initial case study it was apparent that 

many farmers near the beginning of the watercourse were negative 

toward collective efforts at watercourse improvement. When the 

situation was considered only in terms of delivery efficiency, their 

position was understandable. Delivery losses are directly related to the 

the beginning of the watercourse.distance of' a farmer's field from 

Thus, many farmers with land at the start of the watercourse felt they 

had enough water and could not see how improvement in the delivery 

efficiency of the wate'course would be personally beneficial. Close 

observation of water management, the condition of the watercourse, and 
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discussions between farmers and researchers led to the conclusion that 

watero((urse Improvement held many benefits for farmers near the 

beginning or hf;,id Foi- e.xaimple, the head reach of the watercourse 

(u;tr'ie(I W;tt I-, :,], (:'.e1' ,aa of the week. Thi. als-o meant that the 

h (l IA, ,ch ,.,ak.i a lmos(f! c t,n.inuOuslY and portions of adjacent fields 

were wa?,erlo-ged and useless for cropping. (Ionstructing" better banks 

reduc,.j ,,. -,sses i!. half'. restoring t he waterloggted land to 

]prr)dLction , 

Farmers na:;r the heaid often had fields that wie srlightlv above 

the level of the wate'Course due to sediment deposits from the canal 

wa ter . Each time the firmers wish e( to g-et wa tci, onto these fields, 

they had to build a high ea -then dam to raise' h water lel, and then 

patrol aie iepa ir the ia;-ec,U'(s which vais full. luch water was lost 

and this wa a ffficult ttime-consuming and frust,1ating task. 

lmprovetd bainks made the p rocess more efficient and concrcte diversion 

struutures, . ,ta ndarc fe-atLire of the program, facilitated the task of 

backing vater" nlo high 'ields. In some watercourses a simple jet pump 

,designed fo- lhi purtose was installed to use energy of water falling 

from tuhewvel! outlets to lift canal waters to levels from which they could 

serve high fields near the pump. 

Because upper Ieches ran most of the time, they posed significant 

barriers to tific involved in cultivation and hat-vest of fields in these 

areas. Inclusion of a few culverts in the upl)pr reaches provided the 

needed access and incentive for many of these farmers to participate 

enthusiastically in the program. The lesson of this experience is 

although collective projects are difficult because they are complex, their 

complexity allows flexibility in design so they can benefit all potential 

cooperators. 

Benchmark Studies 

Generally, research done for on-farm water management projects is 

not like a laboratory experiment where only one variable is allowed to 

change over a large number of' observations. Rather, the team is 

trying to introduce several changes into a complex system and to adapt 

them until they achieve the desired results. When it is impossible to 

control other inputs that could affect the outcome, they should be 

monitored and estimates should be made of their effects. 
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Monitrin- c;n hell, to spot urforeseen changes. These may be 

:au,,:d by inter;jcions, between components or by unforeseen inputs. 

Chang(s ajre. often apparent only when a current measurable condition 

can be related to the quantified condition prior to the field trial. 

Thus, it is essential that benchmark studies that define the situation 

prior to imposing any changes on the farm system precede field trials in 

order to fix a reference point. 

Much benchmark information may be availa, .( from the Problem 

Identification phase. If not, the solutions, criteria matrix can be used 

as a guide to the measurements and observations needed and what 

subsystems will be directly or indirectly involved. Other questions that 

may be answerect include expected changes in each of these subsystems, 

and the measurements or observations that can be made to assess these 

changes.
 

Someties benchmark studies are quite simple. For example, the 

effect J cleaning a watercourse can be determined by comparing the 

measurement ofA delivery efficiency before and after cleaning. However, 

:7iost h-enchinai,' studies become more complex. For instance, if the 

objective is to determine how much water can be saved annually by a 

regular cleaning program, the delivery efficiency should be measured 

several times a year to establish an estimate of the average delivery 

efficiency This average delivery efficiency will be compared to the 

average delivery efficiency under a more frequent and regular cleaning 

program. Benchmarkt studies can be very extensive and time-consuming 

when effects of water management on overall crop production or socio

economic factors are evaluated since the affected population is large and 

numerous measurements are needed to obtain accurate averages. 

Phased Withdrawal of Support 

Perhaps one of the most significant extraneous inputs is the 

project staff themselves. They have expertise unlikely to be possessed 

by members of established agencies to implement solutions; they have 

access to authorities in agencies that can ensure cooperation of local 

officials; they are not allied to local families, communities, or 

organizations; and they generally take a positive attitude toward 

change. 
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Towards the end of' the work, it must be determined how the staff 

will withdraw from the project. One way is to gradually withdraw their 

suppor.t to ;a lev(l commensurate with what is likely to be delivered by 

the imlementinIf project personne- have designed a system 

utilizing a hund and water control for flood irrigated rice, these 

techniques need to be applied by an extension agent with comparable 

background and training that will be available to those participating in 

the Project Implementation phase. By shifting" to a monitorin- role. 

staff can find ways in which to modify the equipment. technology. 

solutions, training or motivation of the agent, and other related tasks 

until the extension agent can successfully bring about change. For 

example, simpler instruments for determining elevation differences may 

ensure that extension agents will have access to the instruments. 

Better, more expensive instruments may demand special skill or care. 

To get the solution demonstrated initially on a farmer's field, there 

is a strong temptation to "buy the participation of farmers" through 

government provision of inputs. If this is done it is necessary to 

reduce government inputs in subsequent field trials to test 

whether the program will be accepted by the farmers when they assume 

costs that the government cannot afford in a large program. This test 

should be done as soon as possible in the Development of Solutions 

phase so the program can be adapted in the series of case history field 

tests. The huge cost in time, money, and human resource-, in 
mobilizing a project, plus public announcements about production goals 
for the project, develop momentum in the implementation phase that 

makes changes difficult, embarrassing, and in some cases impossible to 
accomplish. As a precaution, a new case study designed to test a 

lower level of external support should be located sufficiently far from 

the earlier study areas to avoid comparison by farmers. 

Representativeness of Field Studies 

The uncontrolled nature of field trials has already been mentioned. 
A closely related problem is the degree of generality of field trial 

results. Results of physical experiments can be replicated within a 
single field trial so that statistically reliable results are obtained for 
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that time and place. However, generalization to entire countries, 

continents, and other time periods should be resisted until evidence is 

obtained to support the generality of conclusions. 

The role of social sciences deserves particular emphasis in this 

regard. A field trial dealing with a singlIe watercourse is a stal istical 

sample size of only one for observations of the communities. Therefore, 

it is important for social scientist- to determine whether other 

communities within related regions are similar or dissimilar, and to 

assist in planning case histories to determine the applicability or 

changes needed in the solution. 

Attention to External Effects 

Because of the complexity of irrigated systems and the limited 

understanding, it is likely that application of solutions from one area to 

another will have unanticipated effects. Consequently, care must be 

taken to look for external or indirect effects that escaped attention 

duiing the ranking exercise. It is impossible to comprehensively list 

navepotential external effects, otherwise it would been done in the 

ways to look for suchsolution/criteri.a ,.atrix, but there are some 

effects. One of the most obvious is the marketing system about which 

several questions can be asked. Does the new demand for particular 

goods harmfully compete with other uses? Are there facilities for 

handling added outputs? Is crop storage a problem? Is it possible that 

powerful interests control major inputs or that these interests are the 

sole buyers of output? Is is possible that certain laborers will be 

harmed by new management practices or use of new machinery? If a 

crop is adopted, what happens to those involved in the processingnew 

of the old one? 

Another source of external effects is the water resources. 

Because it is a common property resource, irrigation water is often the 

center of an institutional system of customs, laws, and alliances that 

govern its use. If widespread use of a solution such as tubewells 

change in access to the water resource there may be pressurecauses a 
designed toon the institutional system. If the system had been 

anticipate changes, such as the assignment of water rights to the 
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aquifer, it may help adaption. If not, the staff should anticipate the 

potential conflict and suggest methods for ensuring equitable and 

efficient outcomes. 

Pressures toward structural change in the ,ocial syStem1l Al'O 11101(' 

difficult to a project than are physical or market changes. This is 

particularly true in traditional societies where social obligations are 

intertwin-d w'ith economic functions. In some systems labor is supplied 

a hief r villa' e headm;in in return for claims upon his influence in 

iilj~U t.#:s. Va';'i;t, ),",u(:h r;ciprocal ")hligations are found in extended 

farriiIy sy5 tern: ; d I I()id/t(.nan t. relationships. Moreover, social 

,tAat.us may ace5,s land ownership, education, anda(ifil: to professions. 

If a change in ;an irrigation system affects the value of and demand for 

labor, lower classes may gain or lose leverage against these socially 

defined barriers. There is no accurate way to predict or assess a 

change in leverage and other resulting social aspects until after it has 

occurred. Thus. social scientists m'.xt carefully monitor the progress 

of field tests to detect signs that indicate a change in leverage. 

More predictable is resistance by privileged classes to changes that 

redistribute wealth. In fact, resistance from landlords or wealthy 

farmers may be a sign the proposed solution will have unanticipated 

redistribution effects. 

Deciding When to Concentrate Efforts 

Chapter II prescribed a strategic response to certainty by 

developing alternative solutions with implementation contingent upon 

outcomes of research or events outside the control of the program. 

Utilizing a contingency plan for action will work for awhile. However, 

eventually decisions need to be made to emphasize development of one 

set of solutions or another. This is difficult for facilitating teamwork 

because as work progresses individuals tend to become identified with 

particular solutions. Additionally, they will support solutions they have 

helped develop. Two methods can be used to eliminate this tendency 

including: 1) involvement of individuals in more than one solution and 

recognization of all their contributions so they are less likely to identify 

with only one approach; and 2) an early agreement of specific times to 

reassess progress on each solution. It should be clear these techniques 
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are meant for eliminating many of the solutions that have been studied. 

Such decisions should be made by using criteria agreed upon in 

advance. Tro use the cotton emergence example, if an agronomist is 

spending a larg'e ;amount. of time on fodder improvement, which has clear 

long-term payoffs, but his s;ervices are needed to conduct tests to 

determine optimal furrow shape, which has a mort immediate payoff, the 

group may decide to stop or delay wor'k on fodder improvement. 

If possihle, this decision should be made at a time previously set 

In this way the decision is anticipe .ed and is not as likely to be 

regarded personally. If the agronom st had been periodically involved 

in the furrowing work all along, the shift to that part of the project 

might be easily accomplished. 

EXAMPLES 

To convey an idea of how the principles in the preceding section 

are applied, the two examples introduced in Chapter II are utilized in 

thi- chapter. It may be helpful to refer back to those examples and in 

particular, back to Tables 3 and 4. 

Example A: Cotton Emergence Problem 

After the decision was made to rank development of the oxen/ 

tractor furrowing implement first 2nd increasing fodder yields second, 

the manager instructed the staff to specify goals under each 

alternative, identify general tasks toward these goals, and allocate 

responsibility for each task to project members. Assigned members 

then specified how they would perform the duties, noting input needed 

from other team members and farmers. Staff members were also 

encouraged to think of ways to involve farmers in some of the other 

activities. Goals specified by the project members, their assigned 

responsibility, and the duration of each activity are shown in Table 5. 

Examples of the steps specified by different individuals as requested by 

the manager are listed in Table 6. 

1 Example B: Watercourse Improvement Plan 

After deciding to give first priority to cleaning and maintenance of 

watercourses, the staff decided to slightly reinterpret their decision. 
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Table 5. 	 Example of goals, responsibility and scheduling of each 
activity for the cotton emergence problem. 

Year I Yea, 2 

Find 	cooperating manufacturers (AE) 'MIA'MK'J'A'S'O'NrD'J7FT 

Negotiate contract specifying 
cost sharing and ri.Lhts to sell 
implement.-. 

Purtc-h;,- n( ., mi:inuI';wcIuring equipment (AE) 

;,,, ;il', t o ',v and plant (AE,A) 
mpb.: ()1' 11,': in do(r rmining irrigation
 
l ,,: *I : {I I'I1!1 S
 

Survey lp ))(:-lti;il co(J'1a,.'';fiain LI rmers 
a) tFarl -111:t (Y,) 

S lOsitionb) F'armll pidl (S) 

Determine noil pjope('rtics On sampl(, farms 
Water retention (A) 
Capillary acti .,n in soil (A) 
Compaction (A)
 
Resistance to im lements (A)
 
Percolation (A)
 
Field topography (A)
 

Determine ability of oxen 
a) Power (AE) 
b) Speed (AE) 
c) Precision (Al) 
d) Availability (E) 6 

Build Prototypes (AE) 
a) Ridger only 
b) Ridger/seeder 
c) Ridger/seeder/compactor 

Determine optimal ridge design (A,AE) 
a) Wetting of' sef.d 
b) Water use 
c) Labor 	use
 

Use imported equipment on farmers' fields 
a) Labor requirements for irrigation (E,A) 
b) Water consumption (A) 
c) Effectiveness of insecticide applied (A) 
d) Effectiveness of fertilizer (A) 

Take designs to farmers' fields -00 
a) Bullock (AE) 
b) Tractor (AE) 

Improve fodder production (A) 
Test fertilizer response 
Test alternative fodder crops 
Test alternative harvesting techniques 
Get Ministry of Agriculture involved 
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Table 6. 	 Example of work plan by discipline for the cotton emergence 
problem. 

Duration 	 Activity 

Agricultural Enginet-r 

2 weeks 1. 	 Find cooperatino' manufacturers. Contact local 
mechanics and cra'tsmen who make implements 
for tlactors or hullocks. At the same time 
contact dealers and importers of tractors to 
asses, ability, to nm:inufacture prototypes and 
expand p,,roduction du rin., implementation. 

2 weeks 2. 	 Negotiate contracts with one or more 
manulfaclurers to build, according to dusign, 
various configurations of ridging implements. 
Preference will bc given to loc;al manufacturers 
over import ers even if some training and 
equipnent are necessalrv . One-year contracts 
will be given to at least, two manuiacturers 
subject to renewal upon conditions of 
perf)rmance. 

1 month 3. 	 Purchase imported tractor and implements so 
that agronomists can begin experiments to 
determine labor, water, and other requirements 
for furrow irrigation on farmers' fields. 

4. 	 With aid of an anthropologist, secure 
cooperation of farmers with oxen to test oxen 
capacily for" work. Tests to include power, 
speed, and stamina will be conducted using 
sleds with various amounts of weight over 
periods from one hour to three days and at 
various rates. There should be teams of oxen 
with differing ages to ensure reliability of 
results. Follow-up tests will be scheduled in 
the heat of the plarting season to judge 
effects of heat on bullock efficiency. Repcrt 
by July 1. (Economist will submit a report on 
the availability of oxen at different. times 
during planting season. ) Cooperating farmers 
will be shown sample fields with ridges and the 
objective of the ridger/planter will be 
explained. In return for the farmers' services 
during planting season, the team's tractor will 
be used to cultivate their fields. 
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Table 6. Example 	 of work plan by discipline for the cotton emergence 

problem (continued). 

Duration 	 Activity 

Agricultural Engineer 

5. 	 Use preliminary results from March/April tests 
to construct prototype' ridgers. These will 
initilly include: 1) ;1 ditching plow only, 2) a 
ridger with a plant:r incorporated, 3) a ridger 
with a t)lant.(r and ; compactor. 

Object ives will bh.' to keep weight low and 
construction simple. Seed depth and spacing 
should be variable. Field testing of proto
types will first be at experiment station and 
then on farmers' fields. Some field trials of 
ditchers will be done by May. Cl- ief concerns 
will be shape of ridges and capacity of 
bullocks. Other prototypes ready for first 
tests by fall planting season. 

It 	 is necessary that there be continuous 
fecdback from cooperating farmers and close 
cooperation with the agronomist. 

Agronomist 

2 weeks 1. 	 Purchase tractor and implements for 
experiments in cooperation with agricultural 
engineer. 

2 weeks 2. 	 Contact potential participating farmers in 
cooperation with the sociologist/anthropologist 
and agricultural engineer. Discuss program 
objectives. Determine their interest and if 
they are eager to participate, make plans for 
plot layout, soil sampling, and other tasks. 

1 year 3. 	 Begin tests of soil properties to continue 
through a r-alendar year finish in April of 
Year 2 initial report June 1 this year. 
Results will be input to optimal ridge shape 
design. 

Duration of 4. Begin optimal ridge design study. Must 

project consider trade between optimal environment 
for plants and demands put on implemients. In 
particular, will determine payoff for compacting 
versus planting under loose soil. Results of 
compacting on emergence and vigor will be 
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Table 6. Example 	 of work plan by discipline for the cotton emergence 

problem (continued). 

Duration 	 Activity 

Agronomist 

available by July 1. Rt.sults of ridge shape, 
seed placement. and depth of furrows )n water 
use an, yields will be available by Dc', mber 1. 

Experiments will be done on farmers' fields and 
carefully ex)lained to them. Firphdsis will be 
on explaining the experiments ;is Ves(;earch for 
p rac tices to increa(se viel d, \wit h signif iant 
possbilities of success and failure. 

Optimal ridge configuration will require 
continuous and close coordination with the 
agricultural engineer. 

1 year 5. 	 Use imported tractor and implements to 
determine labor and water use in irrigation. A 
number of farners will be used and each will 
have both a furiow irrigated field and a 
control field. Economist will cooperate in 
assessing demands on labor and water budgets 
for both furrow and control fields. 

Effectiveness of insecticides and response to 
fertilizer will be tested. 

Again, careful explanations of every step and 
measurement will be given to farmers. After 
the initial irrigation using furrows, farmers 
will be asked for their suggestions regarding 
matters such as shape, spacing, and 
compaction of ridges. This will be repeated at 
regular intervals throughout harvest. Where 
feasible farmers' suggestions will be tried so 
they understand their role as experimentors 
and decision-makers. 

1 year or more 6. 	 Improve fodder production. Farmers will be 
surveyed to determine all sources of fodder; 
what farmers consider important qualities of 
fodder; animal requirements of fodder 
(farmers' estimates); and the different 
varieties of each crop distinguished by the 
farmer. 
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Table 6. Example of work plar by discipline for the cotton emergence 

problem (continued). 

Duration Activity 

Agronomist 

Tests will begin to determine fodder response 
to fertilizer. 

Non-legumes Legumes 
NPK- PK-

NP- P-


N-

Alfalfa and other foreign crops will be tried. 

Two-year legume fodders will be tried (not 
now done). 

Alternative harvesting techniques will be used. 

Initial results on fertilizer and new varieties 
should be available by December 1. 

A decision will be made by January 1 whether 
to: 

a) 
b) 

Discontinue research, 
Get Ministry of Agriculture 
donor agency to take over, or 

or a 

c) Continue research. 
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'pxperi-nc indicited that sections of watercourses near villages were 

:he le;ast ,QHf'iCI(:lt r.sulting from human and animal use ci the 

wat.i,.:our-. . Since thait use would continue, it was decided to consider 

lining tfhos': ,(-ctions as ;.compromise . o,'ee , the cconomist had 

determined thait such lining would enhance us, of the wa tcr'coli rst Ifor 

washing and bathin- and this would )e coniderCd bt iltA'11 Othcters 

argued that i ,as impossiblt to (Iuintif'\ the b efit. Howvr, th! 

counter argument was that if viia~vs wCrV willing to t.:Iv for the 
-lining, the'< wer siron lv suI' ortin g i t d!e'vlopmn'. Thu-'. :Ian 

agreement was made to con tin ue s one work on reducing the cost of 

lining in cmj unction with development of ai cleaning and maintenance 

program. Table 7 shows the goals specified by project members, and 

the responsibilities and duration of each activity. 

The task assignments for two individuals is given in Table 8. The 

economist ;and civil engineer were used as examples because the solution 

requires collective: ;action and involves the water delivery system. 

Summary 

Examples just given show plans for approximately the first year of 

two multi-vear solution developments. Eliciting and integrating inputs 

from farmers and all disciplines represented by the staff was the means 

suggested for developing good solutions. It is worthwhile to note that 

explicit provision was made for decision making. In the cotton emer

gence problem the agronomist was to present evidence after one year 

for a decision on fodder improvement. In the watercourse improvement 

problem all plans delineated October as the time to decide which 

watercourse would be im)roved first. 

Special emphasis should be given to the field day described on 

Table 7, but not mentioned in the individual plans of action. It is 

hoped to attain two audiences: farmers outside the watercourse and 

officials of relevant agencies. Rapid adoption of collective innovations 

such as watercourse improvement requires enthusiasm. This can be 

generated positively through field days. First, if host farmers feel 

responsible for their innovation, attention will generate pride and 

enthusiasm. This enthusiasm will spread as visitors react positively to 

the host farmers' enthusiasm, and the host farmers will become even 
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Table 7. Example of goals, responsibility and scheduling of each 
activity for the watercourse improyement plan. 

TASKS Year 1 .r ' 

IMIAIMI J IWAISIOmNIDWJ IF! 
Conduct detailed survv to mort, ivurkt I'l (A'N) 
detrmine cat.44 and lovation of h. cs in If 
watecou rses
 

a) Ilad. middk. ;ind talil m~guit11ns C",
 
1) 01tte
 

) Near vilt:ges
 
d) Water scurce
 

Study of .optti"al onfiguration of earth,,n (CE) 
wa tercurses 

a) Shape 
b) Compacting 

Development of improved outlet (CE) 

Develop lower cost lining (CE)
 
a) Earth and cement
 
b) Fiberglass plaster
 

Find potential cooperating watercourses (S) 
a) Find cooperative villag.-.
b) Do benchmark surveys S,E 

i) Water budgets A 
ii) Delivery losses 
iii) Cropping patterns/yields 
iv) Labor availability and use 
v) Social profile 
vi) Application efficiencies 

Determine history of cooperation 
watercourse maintenance (SE)

a) Laws and enforcement 
b ) Performance 
c) Differences between watercourses 

Analyi;i. of social and economic factors related (S 
to quality of maintenance FE 

a) Water supply 
b) Productivity of land 
c) Tenure system 
d) Social structure 
e) Social cohesiveness 
f) Relationship with government agencies 

*Dctermine strategy for improvement of first (TEAM) 
watercourse (Team) and choose watercourse 

Organize Waztercourse (C.AE) 
a) Meet with leaders to explain 
b) Decide assignments and schedules 
c) Train.work crews (S,AE.CE)_ 

Perform Improvement 
a) Initiate work (S, AE) 
b) Ask for feedback (S,A') 4W 
c) Make adjustments and complte (AE) -40 

Evaluate results with farmers 
a) Measure delivery efficiencies (A,EH) 49 

Demonstrate to farmers (AE) -41 
Meet with farmers to discuss results (S,AF) 

Hold field day (TEAM) 
a) Other farmers 
b) Dignitaries 

Assess first watercourse improvement (TEAM) 
a) Design considerations 
b) Cost considerations 
c) Farmer cooperation 
d) Changes in farm practices 
) Changes in farm income 

Begin plans for nezt trial (TEAM) 
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Table 8. 	 Example of work plan by discipline for tihe waeIcU'(rse
 
improvement plan.
 

Duration 	 Activity 

Economist and Sociologist' Anthropologist 

4 months 1. 	 In coperiation with th- agronomist conduct 
1(:chniaik surveys ,ofvturc-UrSes. Obtain data 
ofn riropin-2 l,:ttt-rns f,V the past years, labor 
,uJ,,(: ,, 	water udg ts ttractors, dairy(xen-, 

, lind 	 efficiencies forinia Is. tenure, ;ard ;ipplicdt ion 
irvi-;,ti ln. Us,,e daita to (-'cnstrLUct crop budgets to 
incorV()'t,,0t int,, ;!linea r' pi,,grimi. (;'n,q'rat shadow 
prir,', fo,' waIC-' at diflrC.nt plins )n ,he water
cOU rse . ro Idiffurent szedI)nrs antI ifferent 
seasons . Dftermine prescnt meanfs for facilitating 
maint e ance ()f'w t i-tr'.)1lS(iS . 

6 months 2. 	 Determine the his tory of '0() )c'ation in w ilrcourse 
m;intenance. In l)0rticu1lIi , what laws and 
regu la ion1s goVei-n malin teia1ce, in fact and 
principle? What has been the enfor-cement 
mechanism and how has it worked historically? Are 
there regional differences? What legal and 
administrative arrangements have been used to good 
effect in other countries? 

The legal questions are most efficiently answered by 
a legal expert, therefore arrange to hire a 
consultant within three months for a period of two 
months. Meanwhile, search the literature and 
survey I regional irrigation departments to assess 
their perceived roles and their perception of farmer 
perfo rrnance. 

Farmers in the region of the study will be consulted 
to determine their understanding of the laws. 

1 year 3. 	 Determine what. factors seem to explain the quality 
of maihtenance of watercourses. Factors to 
consider inciude: water supply, shadow price of 
water, potential productivity of soil, social 
structure, social cohesiveness, and relationship of 
leaders with irrigation department officials. 

From this ccnclude which cooperating farmer groups 
are most and least likely to continue a watercourse 
maintenance program once it is initiated. 

http:diflrC.nt
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Table R. Example of work plan by discipline for the watercourse 
improvement plan (continued). 

IDu ra tion 	 Activity 

Economist and Sociolohp 

October, 4. Decide which watercourse to improve first. Use 

1st year 	 information about likely c,',Porativenes ., existing 
delivery efficiencies of wit eioou rss . intd potential 

n e ! benefits imp ioV I andfrom Cmen tcunom ist 
bociolog-ist anthropologist t)i\ mijor roles hec due 
to the need to 1) assure succe. on the first 
attempt and 2) absess p o1JLICd net t) neli[S. 

5. Assess watercourse impr'vemn'n t Repet benchmark 
s tudy after impn)rovellen it flli tollI)lt e, lized net 

value versus beforc net vaIluc versus p)rojeeled net 
value. Find discrepancies between "after" and 
"projected" value, and look for causes of 

differences Assess distribution of benefits and 
onparticipate in feedback and joint work an 

incentive system to encourage maintenance. 

Civil Engineer 

18 months 1. With hydrologist, test for optimal watercourse 
configuration by slope, soil type, capacity, and 
amount of use. Determine the savings due to 
compacting for each configuration after I week, 
I month, 3 months. 6 months, and 1 year. 

Consider labor requirements, management require
ments and ease of maintenance as well as delivery 
efficiency. 

Discuss the objectives with farmers, encourage them 
to express opinions and encourage their 

suggestions. Where possible, incorporate their 

thinking in design of the trial. 

2. Develop an improved outlet which has negligible6 months 
leakage when closed. Try metal, concrete and 

rubber, and plastic sheets. 

1 year 3. Develop a lining of minimum cost for sections near 
1) plaster over earthen/cementvillages. Try: 

bricks, 2) fiberglass plaster over cinder blocks. 
nearConsult with farmers on design of areas 

villages for buffalo baths. 
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';Ob1l 8. "x;jmIple of work plan by discipline for the watercourse 
im prrvrment pian (continued). 

D)u ra lion Activity 

Civil Enginwer 

December 4. Supervise wa tercou rse improvement a11 monitor 
1st year pcirfonnance of leader8' in making d(, 'isions \MhCre 

possible. 
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more enthusiastic. Of course, agency officials are likely to be more 

skeptical, but they too are affected by the enthusiasm of others. 

Because the government agencies will need to cooperate in at least 

implementation, and may be responsible for it, feedback from zi'encies 

when solutions are still formative will enhance ability to develop a 

solution acceptable to those agencies. 
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CHAPTER IV 

ASSESSMENT OF SOLUTIONS 

Solution assessment has been performed all through the detailed 

cievclopment ,f :-,Aoutions described in the pr'evious chapter. A separate 

s ,es y)en I. Ih;i,, (f igiure 7) is distinguished to emphasize the 

iflior't~ine,: of :plicit. ;ind deta iled comparisons between alternatives, 

As:,sie.n t egin, with a formal assessment of information related 

to .ach solution set. This information is summarized in a revised 

version of the solutions/criteria matrix used to display solutions and 

their characteristics. Before detailed solution development there are 

many solutions with limited information. As solution development 

the number of solutions decreases while the information aboutproceeds 

the remaining solutions increases in quantity and quality until, at the 

solution assessment stage, the alternatives are few, and their 

characteristics are numerous. 

Given sufficient information to make meaningful comparisons of 

alternatives, assessment proceeds from a review of the purpose to an 

analysis of the requirements and effects of each solution set. 

Requirements of implementation are included by answering the following 

questions: 

1. 	 What actions are required or expected to occur and how 

are these to be enforced or motivated? 

2. 	 What are the resource requirements from each group in 

the system? 

kind of schedule can be used for implementation?3. 	 What 

4. 	 What is required of involved agencies and are they able 
to perform their tasks? 

Results of implementation include effects on the economy. 

environment, social structures, and politics of involved individuals and 

of and the costs are the basis forcommunities. Evaluation these effects 


assessing solutions and choosing the best alternatives.
 



ASSESS SOLUTIONS ACCORDING 

TO PROGRAM OBJECTIVES 
a. Technical Adequacy 
b. Farmer Acceptance 
c. Fcrmer Participation 

d. Economic Adequacy 
e. Social and Political Feasibility 

L 	 f. Organizational Adequacy
 
0Z 
 No, 	 Yes 

W .. NEED MORE INFORMATION 

W1100NoCn N DISCARD UNACCEPTABLE 11 
,< -- ARE SOLUTIONS ACCEPTABLE0 SOLUTIONSun 	 Yes 

SYNTHESIS OF ACCEPTABLE
 
SOLUTIONS INTO ALTERNATIVE
 

SOLUTION PACKAGES
 

REPORT ALTERNATIVE
 

SOLUTION PACKAGES
 

Figure 7. Flow diagram for the Assessment of Solution Pa:jk.;jx':s
subphase of the Development of Solutions ph;i:-:. 
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RIEVIEW OF OBJECTIVES 

"'h.r- ,r- two rc;jsons for reviewing program objectives at this 

more1,(,irt 1) comparison of the solutions can be donei n(i',-,riflt and 

p)t'JJO:~f.IulIy nrld ,fficiently if ohjectives are in mind. and 2) any 

operational objectives;idditional inf*,rrn _tion obtained may indicate that 

should be revised. A need to change objectives coull arise because 

operatioanl o!)]LC t ives. wverte based on faulty unders tanding" of the sy stem 

or be:cause there are one or iIOi't inher'nt contradiction,, within the 

If the la1t Cr occurs . a i'ornal caseobjectives of the government. 


should 1).. made ctetiiling evidence (A' t he contradiction(s) and
 

requesting a prioritization of objectives. For example. perhaps the 

objectives to increase gorain production andgovernment has specified 

help farmers un small acreages. Field studies showed that land frag

mentat; n ha. le.'d to a proliferation of watercourses which decreased 
watert' sUtj '., to individual fields and reduced cropped acreage. One 

suggestion to incr a c' productivity was land consolidation. However, 

an unanticipated result. of consolidation was eviction of tenants by 

landlords who found their newly consolidated holdings easier to manage. 

This effect was increased productivity but tenant farmers cultivating 

small acreags were adversely affected by this solution. 

If land consolidation was a government objective, then evidence of 

conflict. between lower priority (land consolidation) and higher priority 

(help for smaller farmers) objectives should be presented. If only two 

were given such as to increase productivity andhigh priority objectives 
evidence tohelp small farmers, there may still be reason to submit 

guiding agencies. In particular, if productivity gains from land 

governmentconsolidation or other solutions are high enough, the may 

the gain inconsider the loss of equity a cost worth paying for 

is between two high priorityproductivity. In this case, the trade-off 

objectives. 
change in objectives.farmers also 

For example, increased grain production is the high priority objective 

of the program. Discussions with farmers reveal if they have increased 

grains because of 

Feedback from may motivate a 

water supplies they will grow oranges instead of food 

higher returns on oranges. This
low prices on food grains and 
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11W1it.evidence indicates that uitht' tht markIlt ati diftern han1 

government priorities or that government intericrence with prices (such 

as subsidies ) is c-iusing a distortion in the ma rket 

A romm,,n (c;iu.e (,f marke:t is .r-i4an ii ao,-,rnment objective to 

kee , h;js ' b (I -r;in i-'ie Jow to reduu(' probabilities of under

nouris.hmr.ent of th( p,or. The need to incre;ise fe,-d grain p!roduction is 

p~rob blv i,.d t, nd;dd).-de;e e ,xe.ncditu rs of forteign ,xhange for

aport . h.at tProject i u n,.: ,I,, -,how ofIin viYbe to the, costs 

maintaining ;a lificially " prices fod while1, IUmestic on grains p;aYing 

world prices, to in'oort gr,,ain. It ma\ be th;tt high(' rgrin pi'ict would 

be cheaper than product ion sub.1idie', :ind ii ,or'ting grain. 

In this case., :i in ml;ni1 o t hers rI Islution ( f' )1-ev io [iy 

unrecognized c nflicts , tweeln iov'rnIllent objectives may provide a 

major part of t he solution to the problem In cither case, evideince can 

be organized to sub t intiate the farmers' ciabe, and to motivate 

appropriate chajng'es in government policies 

Whether or not there are conflicts between objectives, the 

operational objectives of the project should be reviewed with the 

guiding agencies. An opportunity should be made to revise the 

objectives in view of additional information or recently developed needs. 

Having reviewe!d and perhaps refined the direction of the program, 

staff can be.-gin a systematic assessment of information collected during 

field trials. 

IDENTIFICATION OF NEEDS FOR FURTHER TRIALS 

It should be determined with what degree of certainty each 

solution set can be rated according to relevant criteria. The first step 

in answering this question is to examine each element in the solutions/ 

criteria matrix and assign probabilities to the entries. In some cases, 

entries will be outcomes of replicated controlled experiments, and are 

subject to confidence intervals computed by statistical analysis. In 

most cases, entries will not be based on replicated controlled 

experiments, but on results of field trials in a few areas plus sample 

surveys used to establish the representativeness of field trial sites. 

Consequently, most probabilities must be arrived at through subjective 

judgment and group consensus. It is particularly important to identify 
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;any uncer-tainty and then dfeide what the co sts may be of reducing" it 

through further study. The cost of added study must be weighed 

;a ,;jint ,: c .,si ,i (est s of not obtazining the information. Costs, /,o 

1(,11uIld 11,, h(-' ?(IKir td ,, cons:quen,.s. example, if' a decision isIJ. 

madc t,, rh,,llnnt ; s~lli n I fail ', insufficieni knowledgeth;t Aue of 

the hv i 10( : iO n 11t1il vicinit\ ,t fieldlV,,, ,' regions he V the 

trials. or, O,5,. S th, capital invested h:at cainnot he salvaed. 

Another (I(u:ci,,in h.ha ,de ' tr, defint: men e('it Ill. is the time lost in 

pursuing- ;ir, incA".ct idea. lo.ss of ,ifni btof ovtrnment 

agencies is :r cost tihat is difficult to q u antify htut may beconst 

important. 

Certain criteria can be used to assess the vulner;bility of a 

soiution packai?,, to uncertainy. (One crit.rion is divisih lilit It can 

be det e-l in t.d it it is possible to begin ipl)1ementat ion in small 

incr n(n t a t a,djust al on the way. Examples of divisible solutions 

are field lev~l t.(,ehnologius such as furrowing implements, new seed 

varieties, "And p iciide. A somewhat less divisible solution is the 

lining of wa tercu iaes. A s u latantial investment is involved, hut it can 

be done in stags' first lining the upper reaches and proceeding toward 

the end as lhe lined upper re.aches demonstrate their value and their 

problems are solved. Solution packages that are divisible provide the 

opportunity to, "leajrn while doing-." Other solutions such as large dams 
are not divisible, and potential consequences of uncertainty can be 

disastrous. In this case, substantial ilivestment is "ustified to avoid 

uncertainty. 

Closely related to divisibility is reversibility. A solution is 

reversible if it is possible to return to the old method with little or no 

cost. The sp:ie examples that wei- given for divisibility apply to 

reversibilit', - New seed varieties can be abandoned in favor of the old, 

fertilizer use can be abandoned or cut back as costs rise, and the cost 

of abandoning a new seed planter is the initial cost of the planter. 

Conversely, the cost of abandoning a hydroelectric dam is prohibitive 

and the government cannot practically reverse its decision. 

This manual has repeatedly stressed flexibility is a quality that 

may redeem an indivisible or irreversible decision by providing several 

options for going forward. For example, building of a dam was 

http:incA".ct
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proposed v.it h the in tent of using all of the water to irrigate a 

particular vallhv liowever the water table rose quickx' and salinized 

a large- porfn , the land so only a portion of the stored water could 

be used in th e vali.v !t'tu rf'Cc draPinti c coulh be ACh i\ed :11 

,t hr a !h:it Iould u'Creasonahle c , ther. Wel'e e' o't.i, he \ilhSv 

the water, the pi,,jt:ct could ,til be s t ,> tu 

(.:onsecl',-:n¢.n " f Un'(,'tinl\ may'( :e! m:nY l for the prograin :s a 

whol hutl k v;,;,t tin- br ..v, trmtri ii mis is the case, the staff 

)';t:ntifor inshod( alSSCs h ja shartd ri k- P:arin which farmers 

would be Liginsl loss,instrred unre'asonable 

If the ,t;iff dec{.:,R-s that more information is needed on some 
solutions, it i, ill to proceed assessment.-. tssih concurrently with of 

other solutions Furhtermore , it may be possible to assess the 

uncertain slu i ann limit the possible neg'at ive consequences by 

"worst possible" consequences.determining whic l t ins involve the 

In the m(;intim . further tests should be performed to narrow 

uncertainties to wceptable levels. 

TECIINICAL ADEQUACY 

Technical feasibility should have been demonstrated by this time. 

Assessment of tiehnical adequacy must examine the broader question of 

Input-outputreliability of the solution under changing conditions. 

been specified by defining permissible rangesrelationships shuld have 

for input and out 1put quantities and qualities . However, other 

quality of inputs is outside thequestions must ,, asked. What if the 

i'ange'. Will all the necessary inputs be available? If not,permissible 

run by diesel enginesare there substitutes? For example, tubewells 

require fuel, oil, spare parts, and mechanics. Can local mechanics be 

motors, possibletrained to maintain and repair the and is it to 

fuel becomes scarce, is it possiblemanufacture spare parts locally? If 

to electric motors or steam engines fired by crop residues?to switch 

For example, it was assumed that a watercourse lining design 

performed reliably in field trials. The project group should try to 

anticipate problems that could frequently occur and consider the effects 

on the objectives. It should be determined to what degree the quality 

of materials can be reduced without appreciable loss of structural 
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fIualit. .Other questions include: to what extent can variation in soil 

(:onditions endanger th,! structure? If a structure is endangered due to 

poor materias, workmanship . or soil conditions, what (,an be done to 

rectify the problem and at what cos ? 

Essential to rItilhiitv it, qiuality of o1)1l'tion and mAinltnance of 

irrigation facilitie. What ar' the minimum tanda'ds of opera tion aind 

maintenance that would tes ult in acceptable pe'tormawnce? For exaimple, 

public I u ,.W:ll fnLrin(. '; are expected to function fot. a given time at 

r;tJ ;1,;1(.ti1 ithout ,1Verhaulassuming prescribed lubrication and 

('leaning. If lihic;atlon and servicing is done only half as often as 

prescrib((i wh;,i is the (expected life of the well before overhaul? What 

is the co.st of ov rhaul' 

Do demands for operation and maintenance fall within the capability 

of local people? If not, what training is needed? Once trained, how 

likely are operato1,' and mintenance people to stay? Is there a means 

of contractinlg with private individuals or companies for operation and 

maintenance? Would some sort of leasing arrangement increase quality 

of operation and maintenance? 

Reliability also applies to seed and chemical inputs. If a crop is 

prone to attack by certain insects, and is therefore dependent on use 

of pesticides, how sensitive are results to precisely timed and placed 

applications? if farmers are to make the applications, what are 

reasonable standards to expect? If chemicals to be used by farmers are 

toxic for humans, what precautions can be taken to reduce hazards? 

Supposing that precautions are not followed, what are the hazards? 

Are there reasonably effective antidotes? 

Storage is also subject to reliability analysis. Both seed and 

fertilizer require special storage and handling. What are reasonable 

standards to expect from storehouse managers? What happens when 

performance faUs below the standards? 

FARMER ACCEPTANCE
 

Lack of farmer acceptance is evidence that the farmer has been 

excluded from the development process. If the farmers are involved 

and share responsibility for design and testing, researchers will have 

continual feedback concerning barriers, and acceptable solutions will 



68
 

have evolved. Conversely, enthusiastic acceptance by farmers should 

be carefully analyzed. It should be determined whether this enthusiasm 

is derived from real benefits or intensive e n our'emen t by 

professionals, and whether the test area is represcnt:it ive ft" 10 rc0*1o1 

selected for implementation. In either case. ec:Wh solution should be 

assessed against a set of criteria relevant to the ty pe. Of fAa'mers in 

the implementation region. 

tPref itab iii_ 

The profitability to the farmer of each solution can be tested by 

means of farm budget analysis performed for representative farms 

considering a range of prices, yields, and resource availability that 

could occur in the region. 

Compatibility with Farm Management Practices 

Several questions can hell) assess the solutions compatibility with 

existing farm management practices. Do changes fit with other methods 

of husbandry, both for crops and animals? For example. do new 

irrigation methods require new seeding and harvesting methods" Does a 

new crop decrease the amount of fodder available for animals? Can a 

new implement be adapted to animal power? 

Complexity and Compatibility with Farmer Skills 

Another important issue is whether farmers can effectively utilize 

and maintain the new technology?the innovation. Can farmers operate 

Do they depend on a sole source for service and parts? To what 

degree are they vulnerable to market conditions, for instance, prices of 

petroleum, parts, and fertilizer. 

Compatib Iity with Social and Cultural Environment 

This includes the farmers' obligations to their household or to 

their kinship groups. Does a change require the farmers to alter their 

reciprocal work arrangement with relatives or their participation in 

community work groups? Is the solution compatible with traditional 

Does it alter the vork demandsmodes of cooperation between farmers? 


on women in farm households? For example, a new, labor-intensive
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1.echnl,,gy m;iy seem to fit a period of low farm activity. But are there 

nonfarm soci;,l activiti(-s normally scheduled in that period? If so, it 

may be that farmers do not perceive the time as "leisure" and that 

either their ,ocial re;tionships must suffer or the new technology will 

lose some of its effectiveness. 

FARMER PARTICIPATION 

Emphasil has repeatedly stressed farmer participation in the 

Devel,.,pment. (,t Solutin,,s hase. The objective of a water management 

improvement pr,gram is not just to initiate a physical change at a 

designated lin.t hut. to facilitate and establish improved management 

practices. The firme. is the ultimate agent for change and must be 

convinced tht. the new method has more benefits than the old or the 

management practices will not- be changed. A few governmental agents 

have sufficient credibilitv that some farmers will take their advice and 

adopt a new iprtc*ie. A laiger percentage of the farmers may accept 

the new solution if' its benefits are clearly demonstrated to them. 

However, many farmers will not adopt these methods. Most farmers who 

and inparticipate in the processes leading to selection of a solution, 

vest their resources, will understand the solution well enough and be 

sufficiently supportive to continue the new management practice. 

An example of the wrong approach in soliciting farmer participation 

occurred in the Mohlenwhal Khurd area near Lahore. The farmer was 

told that his current water and fertilizer practices were not the best 

and that project staff would show him how to obtain improved yields. 

His cooperation was "bought" by the staff who agreed to pay for the 

seed and fertilizer and said he could take all of the wheat. He was 

asked to divide his field and was told to continue his own management 

improved managementpractices on one half, while the project staff used 

other. Ile began to perceive the demonstration aspractices on the 

competition against the project members. Instead of appreciating the 

doubled yield due to the improved practices, he felt that he had failed 

and that his failure would cause him to lose respect in his village, lie 

refused to endorse the new practices or even to admit to his neighbors 

that the new practices had increased yields. 
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Willingness of farmers to participate in new solutions involving 

their time and resources in the planning and implementing stages is one 

of the best methods to achieve a successful solution. By this invest

ment of their 	 time and resources they are endorsing the solution in the 

most significant ,r y 

of theIt should he determined if the solution changes the amount 

fairmer's c,,n tr, .ur example. private tuhewells give farmcrs a new 

degre,: r,-u'c*u,, control. However', a c(oope)rtatie scheme for land 

leveling arcd 	 cLIltivation may diminish individual farmer control over 

, precision of waterthos,, func!i,,-n veni though they improve the 

-ss her the pI'opos '<i bolu t ion increases orcnt r,. '1icThet 
the :armer makesafaImer" major" 

cr(jjg) ing yc shoul! listed before and implementation 
decreast'>, "he ,torm, 	 decisions 

.r he 	 afterduring ;a 

of the solutioin. If dependence on others increased, it should be noted 

control ,long with 	 the farmer's method for communicatingwho g;ined 

is not always bad and 
grievances to tha;t 	 authority. Loss of autonomy 

the need for reduced autonomy where there is
farmers recognize 	 an 

property resource.important common 

Some c(,p)erative 	 programs such as watercourse improvement 

require unanimnus participation by all the farmers concerned to be most 

As discussed previously, a general prerequisite for
successful. 

be designed for all concerned in
unanimous participation is that benefits 

example, farmers at the beginning of watercourses
the program. For 

water losses from the lower
do not benefit significantly from decreasing 

such culverts improve access to
reaches. Additional benefits as to 

their control of the water are
their fields and structures to facilitate 

often essential to gain their participation. In other cases, there will be 

benefits not anticipated or comprehended by the farmers such as 

cases, education
elimination of seepage damage to their land. In these 

such as a visit to another improved watercourse to see these benefits 

may achieve the desired participation. 

ASSESSING ECONOMIC ADEQUACY 

made between 	 financial assessment andA distinction is sometimes 
are concerned with

economic assessment of a proposed project. Both 

both use the same methodology in computing
income and ccsts, and 

rates of return. However, "financial assessment" is used to define 
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of the changes in incomes and costs from the perspective ofanalysis 


individual entities in the economy such as f;armners, laborers,
 

cooperatives, banks, irrigation departments, marketing firms or- hoards. 

national government, lending institutions, and donor agencies. 

"Economic analysis" defines the analysis of the aggregate of these 

benefils and costs adjusted to consider the results not reflected in 

market. pri(,)5 or a dmin s ered pric,s. The distinction is useful because 

ii. entph;s iz,. ,,, wh-, economic analysis with financialho,, equa Ic 

analy s is,lh;a Ieo ,:,,rnists, gener'Allv hav.e a broader perspective than 

market t)r(,fit ahii Y The distinction also serves to remind the 

economil ,f the importance of using financial analysis to consider 

individual incentives and income distribution, In this manual, financial 

as a part of economic assessment , althoughassessment is regarded 

to allowthere are times when financial analysis needs to be separated 

for financial planning of the Project Implementation phase. 

Levels of Economic Analysis 

Three levels of economic analysis consist of individual, ragional, 

and national. The first includes farmers, laborers, private business

apersons, and government agencies, and is financial analysis. The 

second, regional analysis, considers what might be considered . economic 

externalities :s well as any secondary effects such as employment of 

economic analysis, accounts forunused resources. The third, national 

aggregate supply and demand relationships, effects of the solution 

package cn foreign exchange and compensates for distortions in prices 

from "true" social values. 

Individual Financial Incentives 

singled out for economic analysis.Farmers are commonly the group 

the only group that should be considered. Others includebut are not 


laborers, tenants, landlords, private businessmen, local functionaries,
 

on not directly involved.*Externalities are effects of the project those 
waterThese can include physical effects such as changes in table 

depth due to increased pumping or increased efficiency of water use. 
market effects suchExternalities are sometimes considered to include 

as a rise in the wages of agricultural labor due to increased work 

opportunities provided by the project. 
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and government agencies. By nature, irrigation systems involve 

common Icople(..ty resources. Thus, whole watercourses or water users' 

;Issociation. maV for this purpose, be designated as financial 

''individuals. 

Farm budgets, which are prepared in the Problem Identification 

phase, represent "before solution" cases. During and followring field 

trials, other budgets were prepared to document economic effects of the 

solution as it was adopted. Comparison of "before" and "after" budgets 

show the financiatl costs, benefits, and. net effect of the solution for 

individual farmers. It decisions to adopt solutions are only at the farm 

level (for example, use of improved land leveling techniques or use of 

furrow as compared to basin irrigation), then little needs to be done in 

assessing financial impacts on other entities except to ensure that 

increased commerciil crop production can be handled by marketing 

outlets. 

Externalities 

It is possible that individual decisions will affect others who have 

no control in decision-making. For example, increased use of tubewells 

may lower the water table and increase pumping costs for others or it 

may cause intrusion of saline water into overlying sweet water used by 

If this is the case, equityothers for irrigation or domestic purposes. 


requires some method of compensation or collective control which miy
 

involve legal and political questions to be discussed below.
 

Collective Decisions
 

If decisions to 	 adopt a solution are made collectively, the issue of 

complex. Individual budgets must be considered,incentives is more 

but social and political factors also enter the decision more strongly 

than in an individual decision. Solutions that benefit some more than 

others leave those with smaller benefits feeling slighted, leading to 

situations where cooperation disintegrates. For example, watercourse 

lining tends to benefit those towards the end of the watercourse more 

than those near the beginning. Since those near the head are often 

relatively affluent, they may choose to forego benefits of lining in order 

to block benefits to those further down the watercourse. However, 

because the costs of lining are collective and the benefits individual, 
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there may be ways to allocate costs in proportion to benefits (presuming " 

individual costs are always below corresponding benefits). or it may be 

possible to accommodate and benefit those at the beginning through 
added costs such as purchasing and installing additional culverts in 

order to achieve net benefits for all. 

TraJe-off, such as these should have been identified in field trials 

so that. the: :,h;wrrin of Y,:refit;s jnd costs of collective projects meet with 

as little opposit.jo as possible. Related factors were discussed in the 

"Farmer Particilip.o, section.in 

Financial Analysis and Risk 

Costs and benefits can be compared only when they are expressed 

in terms of value at a common time of reference, for example, the value 

at present. Computation of the present value of an i-,vestment requires 

that a detailed schedule of benefits and 	 costs be devised. 1lp to now, 

same. nowfinancial and economic analysis are the However, financial 

analysis becomes concerned with the practical matters of flow of funds. 

beginFor example, if a large initial outlay is required and if benefits 

to accrue only after one year, there is a problem of paying now for 

future income. Interest rates, sources of credit, and detailed 

income to meet credit terms are concerns of financialassurances of 

analysis. 

Delayed returns also increase investors' risk since future income is 

less certain than current costs. If individual farmers are the 

investors, they may hesitate to adopt the change because of their 

in economics on riskaverseness to risk. There is extensive literature 

of farmers, but from an implementation viewpoint, theaverseness 

precise nature of the farmer's risk averseness is not so important as 

the order of magnitude. A commonly used "rule-of-thumb" is that an 

investment must have a benefit/cost ratio of at least 2:1 before small 

farmers are likely to consider its use. Consequently, economic analysis 

of risk should allow for individual risk averseness, and emphasis should 

be on finding methods to decrease individual risk. 

Several factors affect the magnitude of risk relative to the farmer's 

income, and consequently, the degree of the farmer's reluctance to 

are discussed elsewhere in this manualinvest. Several of these reasons 

but the discussion here pertains to individuals. One is the size of the 

http:opposit.jo
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largest possible loss relative to the farmer's wealth. Closely related to 

this is the divisibility of the investment. If an investment is highly 

divisible, such as use of a new variety of seed, the farmers can choose 

their own 1(-v(,] of investment. An example of the opposite extreme 

would b(:,a ani consolidation program that can threaten the farmers 

due to uncertaint.y of the quality of the land they will acquire in return 

for land t.hev know well. 

Another property of change affecting risk is reversibility. The 

two examples given with respect to divisibility are also relevant to 

reversibility. If a new seed variety is unsuccessful, it is possible to 

asreturn to the old variety in the next year, but if a farmer loses a 

result of land consolidation, he is unlikely to find satisfaction without 

considerable difficulty if at all. 

One element of risk especially relevant to irrigation is control. If 

a farmer is asked to trade absolute control over a modest amourt of 

water for joint control with other farmers over a larger portion of 

watcr, the farmer may be reluctant. Thus, changes in structure or 

location of outlets, conversion from private tubewells to a public 

irrigation system, or transfer of water scheduling authority to higher 

for loss of control thatand less accessible officials all present potential 

farmers may not be willing to risk. 

Credit and Risk Sharing 

Credit for farmers with small landholdings is a problem in many 

developing countries. High administrative costs, diversion of funds 

from development to consumption, and low rates of repayment are nearly 

universal. Irrigation systems provide potentially easy control of credit 

application and repayment for investors. Experience has shown that 

administrative costs and default are lowest when repayment is made 

through farmer associations. This would be especially true of publicly

owned irrigation systems where water use could be contingent upon 

group repayment of debts. This is appropriate for investment in 

watercourse improvement, but could also be used for improvements on 

land leveling, terracing, placementindividual farms, such as precision 

of bunds, or instailation of sprinkler systems. Provision could also be 

made for farm Qpei'ating loans for seed, fertilizer, pesticide, or tractor 

services. 
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When credit is given in this way, much risk can be transferred to 

the government agency which has the choice of canceling or deferring 

loan payments in years of poor harvest, or of including an insurance 

premium in loan payments. If the government is also the purchaser of 

crops, loan repayment becomes especially simple. 

Future Prices 

Projection of future prices interjects an element of uncertainty into 

the economic and financial analysis. A standard method of coping with 

this uncertainty is to do sensitivity anair,s with farmer budgets. 

Output prices, input prices, and resource availability can be varied to 

show when the solution becomes unprofitable. Solutions are insensitive 

to price changes if the output prices are far below projected levels or 

if input prices must rise significantly above projected levels to make the 

solution unprofitable. If not, judgments must be made about the 

probabilities of unprofitable futures. Sensitivity analysis is a standard 

procedure in linear programming treatments of budget analysis, and is 

explained in many linear programming textbooks. 

Regional Economic Assessment 

Secondary effects of projects are often analyzed on a regional 

basis or in the geographical area within which most of these effects are 

expected to occur. Secondary effects are those changes in income in 

sectors other than those directly affected by the project. For example, 

increase in income for ginning mills due to increased output by cotton 

farmers, who have received additional water, is considered a secondary 

effect as are increased incomes to retailers who sell more consumer 

goods to the farmers. Some economists argue that these effects should 

not be counted when the resources diverted to the region would have 

been used elsewhere. Furthermore, the most common method for 

assessing secondary effects is input/output analysis which is not suited 

to accurate representation of rapidly changing economies. 

There is, however, a case in which secondary effects are 

unquestionably valid for inclusion in costs and benefits. When there is 

unused capacity that the project would bring into production as 

secondary inputs, their opportunity cost is zero and their contribution 

to production as reflected in wages or in their "marginal value product" 
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i, a ben(fit to the region. The most important example of unused 

capacity is unemployed labor. Since most agricultural economies have 

seasonal unemployment, a project that uses off-season labor creates 

secondary benefits equal to the wages paid. 

An important aspect of secondary effects is changes in income 

distribution. Improved labor intensive water management practices can 

increase the demand for mind value of farm laborers, leading to 

increased incomes for lar. dies laborers. lowever, use of sophisticated 

n,-w technologis c n .liminate use of landless laborers for iwo reasons. 

Special skills or knowl.,dge may be required to operate the new 

technolo y , ;and the machine may actually replace labor as in the case 

of' harvestors, threshers, cultivators or center pivot sprinkler 

systems. The(:re is a direct effect on laborers employed and a 

secondary effect on other laborers whose wages are -,hanged due to 

changes in demand. Therefore, while secondary effects should not 

generally be counted as benefits or costs in an overall benefit cost 

analysis, they can be analyzed for income redistribution. 

National Economic Assessment 

Staff members tend to consider the project on a local scale. 

be expressed inNevertheless, government objectives will usually 

economic terms at a national level (for example to increase incomes of 

subsistence farmers, reduce rural to urban migration,. and achieve 

national independence in grain production). Therefore, the project 

economist should be familiar with national priorities and be able to act 

as an intermediary for the team and government economic planners. 

Shadow Prices 

Many developing c',ntries suffer chronic shortages of foreign 

exchange and periodic acute shortages of basic goods and services such 

as cement, fertilizer, and port facilities. The same economies generally 

suffer shortages u. skilled and semi-skilled laborers. Almost as 

frequently, prices of these goods and services are regulated and do not 

reflect their social value. In such cases, national cost/ benefit analysis 
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must differ from individual financial analysis in that actual prices are 

replaced by shadow price:s. 

The difference between market and "shadow,' "social," or 

"planning" prices presents a problem to project planners. The project 

will never have enough information to compute true shadow prices on its 

own, yet it may be impossible to get a set of definitive shadow prices 

from a government planning agency. The best a project may hope for 

is a set of prices for a few important factors such as labor and foreign 

exchange. If these are available. the project can feel relatively 

comfortable about their cost-benefit analyses. If they are not 

available, it is incumbent upon the project economist and the team 

leader to contact appropriate agencies to learn as much as possible 

about plausible ranges for shadow prices on these factors. Such price 

ranges can then be reflected in a set of alternative cost-benefit 

analyses showing how various alternatives fare under different assumed 

shadow prices. 

Price Elasticit.y- ofo>r _Agpicultural Output 

A factor often overlooked in cost benefit analysis of agricultural 

projects is the possible fll in prices due to project induced increases 

in production. if production is mostly in domestically consumed 

commodities, and if the project region is large, the increased output 

may conceivably reduce farm income (price elasticity of demand for food 

tends to be low). If the increase in production is mostly exported, if 

the region is small, or if the increased output will substitute for 

imported commodities there may be little change in price level. An 

A "shadow price" is the best estimate of the real value of a product 
or resource whose market value is distorted by factors such as 
subsidies and price controls. For instance, market prices of irriga
tion water to farmers are often far below its real or shadow prices 
because the govenment has subsidized the construction and operation 
of the storage and delivery systems. The shadow value is the 
estimate of read value to the country. 

There are two extensive tr: atments of project appraisal appropriate to 

developing countries in the development literature: 
1. Little and Mirrlees (1974) 
2, Dasgupta, Sen and Margolis (1972) 

Both are theoretical, and a more practical guide, based on the 

Dasgupta et al. volume, is Hansen (1978). 
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important consideration for irrigation projects is inter-regional effects. 

A project, which increases water available to one region and not to 

another producing similar cron- h-s poten!il for causing serious 

negative effects on farm income in non-project regions. 

Government pricing policy can have important effects on the price 

elasticity of demand for aogricultural products. It is common for 

governments to maintain artificially low pric,.s on staple foods to 

subsidize ur.ban consumption. This has the t ffect of increasing imports 

,ind d,iIr .n ,n dimest."c production of food crops in which prices are 

controlled. In such c;ases, it may be ciifficult to achieve greater 

production of sta)les without adding incnt ives for the farmers. 

Raising prices of sk.ay'les is often politically dangerous, but subsidizing 

inputs such as fertilizer and water is not. Htowever, such subsidies 

may not have the desired effect because subsidized inputs tend to be 

used on more profitable crops, thus requiring costly, and only partially 

effective policing of the use of subsidized inputs. Whatever the case, 

budgeting data provides a good basis for evaluating the potential 

effects of prices on crop production. 

Pricing ajter 

The value of water in a given region at a particular time of year 

can be computed from budgeting analysis or from the functional 

relationship between production and water availability to the crop. It 

is unlikely that these prices will be used to allocate costs of water to 

users because water prices are often fixed by custom or charged 

indirectly through land taxes. Nevertheless, budget-derived shadow 

prices are useful to planners when they are faced with allocation of 

water between regions. Water prices are essential for identifying 

"economically optimal" solutions for a water management improvement 

program. Guidelines for computing water prices are discussed in the 

appendix. The method suggested uses farm budgeting and linear 

programming. This method applies to both computations relevant to 

individual farmer decisions and to evaluation of projects using "social" 

prices on inputs and outputs. 
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Long-Term Land Tenure Effects 

A classical dilemma in agricultural development arises from the 

tendency for aver;ge farm size to increase as better managers buy 

lands of poorer managers, using mechanization to spread their manage

rial abilities over larger land areas. While this generally improves 

management. and production, it tends to force more of the population 

into the landless lahor catevgory which is often subjected to serious 

hardship. (;overnment concern over this tendency results in 'estr'ic

tions on size of landholding-, in some countries, while in other countries 

there are efforts to restrict mechanization. 

As long as there is a land market, this tendency will continue. 

This is particularly true when new, more productive technologies are 

being introduced because better managers adopt the new technologies 

more quickly and use them to better advantage. Moreover, land 

acquisition is more attractive as farming becomes more profitable. This 

transition may first manifest when tenants become landless laborers. 

Later the problem becomes more obvious when landless laborers are 

displaced by machinery. 

In general, displacement of labor by machinery does not save the 

cost of wages to society but only to the farmer. Responsibility for the 

support of displaced labor falls on socii y in general. while savings in 

wages displaced by machines accrue to individual farmers. The scope 

of this dilemma is much broader than any individual project, and 

ideally, the answer is contained in government policies. 

SOCIAL, POLITICAL, AND LEGAL ADEQUACY 

Collective action and management is a common element in irrigation 

systems. f the system is controlled by the government to the farm 

gate then the politics of management are distinctly different than if 

control stops further upstream in the water delivery network. 

Farmer access to decision makers in a government agency are 

either indirect, through local members of the legislative body, or 

nonexistent. In this case, political adequacy is unlikely to become an 

issue except in cases where two or more agencies share jurisdiction 

over the system. Assessing the political factors impinging on water 

management in cases of shared jurisdiction is difficult because of 
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natural tendencies toward interagency jealousies. Nevertheless, such 

assessment is necessary because good solutions that must cross jurisdic

lions may be considered useless unless cooperation can be achieved 

j,:tw(:n t'.h: A rule to solutions that cross;ig:ncies. general is avoid 

jurisdhtion,, ;fnd failing that, assure and convince the agencies that 

;.,Ch agency h, sornething to gain through cooperation. Interaction 

between the agencies during field trials of the solutions may not reveal 

the whole story because the improvement program will have high level 

sanction and be closely scrutinized by project members and authorities 

above the agency level. Local agency representatives will, therefore. 

feel compelled to cooperate. In contrast, Project. Implementation occu's 

at lower levels in many locations remote from higher authorities. 

Consequently, the same press': YQs for cooperation will not be pl)esent. 

Thus, cooperation during implementation will be highly individual and 

specific to local political conditions. 

If agency control stops short of the farm boundaries, farmers must 

act cooperatively to manage part of water delivery and removal. In this 

case, questions of social cohesiveness become critical. Assessment of 

the effect of the solution package on social cohesiveness may not be 

representative of the range of possibilities if it is based only on one or 

two field trials. Thus, project sociologists/anthropologists must be 

prepared to assimilate knowledge of the surrounding area that is 

combined with experience gained from field trials. 

Part of the socio-political assessment needed to refine the project 

can be obtained through incorporating the answers to the following 

questions in the solutions/criteria matrix for various groups affected. 

If there has been disagreement between groups concerning the solution, 

did this disagreement occur along the same divisions as existing 

ordisagreements or rivalries? Did the disagreement lead to a standoff 

were farmers able to compromise? If there was no compromise, is it 

possible for government agency action to affect a compromise? Did the 

team's action contribute --o disagreement? If so, was the cause a result 

of the presentation, taking sides, or in the failure to recognize 

interested parties? Can the team error be rectified in the 

implementation stage or is there a need for new field trials? 
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Generalization of Local Experience 

Local political conditions may not include social conflicts existing in 

other regions. Conflicts may have been resolved due to strong social 

(:Ohesiws:rs., in th, field trial area. For example, if landlord/tenant 

relation ,hips ;,re very good in this area, investment in water delivery 

and ;,tj)iical.ion hardware may occur smoothly as landlords and tenants 

agre on their respective shares of investment costs. However, in 

other areas where relationships between tenants and landlords are 

strained, the introduction of' new hardware might be impossible or lead 

to eviction of tenants. 

There may be potential for creating support for changes among" 

seemingly uninvolved groups. For example, improved drainage and 

watercourse maintenance could decrease waterlogging in neighboring 

areas. Once this is demonstrated, support for such a program could 

come from farmers outside the watercourse area. This raises the 

question of how best to inform such potential beneficiaries and enlist 

their support. A strategy that uses the demonstration effect to 

mobilize widespread support should become a part of the implementation 

plan. 

ORGANIZATIONAL ADEQUACY 

Three aspects of organizational adequacy should be examined 

including 1) existence of physical facilities and manpower to support 

implementation, 2) organizational structure to mobilize support, arJ 

3) an incentive system to guarantee organizational responsiveness to 

fanner needs. 

Physical Facilities anJ Manpower 

In this assessment the team should recognize that procuring 

essential facilities and manpower may be more or less difficull 'n the 

implementation phase than it was in the field trial phase Items likely 

to be in shorter supply as the program is expanded to implementation 

are those for which other uses compete and are ii relatively fixed 

supply such as cement, college trained engineers, and imported 

machinery. Items likely to become more available during the implementa

tion phase are those that can be developed from locally available 
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resour(:es as their need and potential for profit is recognized. These 

can include coconut. husk rope used for well strainers, masons 

experienced in installation of water control structures, "in service" 

trained technicians, and locally manufactured tools. Solutions based on 

the latter types of physical facilities and manpower are likely to develop 

strength as they progress from the field trial to the impllem'nltation 

phases. Solutions based on materials and manpower" in relatively fixed 

supply generally require associated programs to supplement supplies if 

they are to progress successfully into the implementation phase. 

If the solution package is designed to drastically Ohange 

production output, it should be determined ift there is provision for 

adequate storage on or near farms to house increased outputs. It 

should also be determined if there is provision for tramnportation and 

processing of outputs, and whether markets have been verified for 

increased outputs. 

Support services for irrigated agriculture can be organized 

entirely through government agencies; through private firms, although 

only rarely; or most often through a combination of government 

agencies and private firms. Typically, machinery and associated 

services including tractors and implements as well as tubewells and 

pumps are provided by private or quasi-public firms. If a new type of 

machine or implement is to be introduced, has the team verified that 

local mechanics can do the servicing? Is it, or could it be manufac

tured locally? If not, can critical parts be stockpiled? If training of 

local mechanics is necessary, has provision been made for this training? 

If fertilizer inputs are involved in the solution package, is there a 

guaranteed supply at the national level? Is there a system of 

warehouses and transport suitable to guarantee timely delivery of good 

quality fertilizer to farmers? Are farmers familiar with fe.-tilizer 

application? If not, are there . tely trained extension personnel to 

demonstrate fertilizer applica:. If not, has provision been made? 

If a new crop variety is to oe introduced, is there an extension 

network to monitor the crop for signs of vulnerability to disease or 

pests? Is the extension network designed to deliver suitable antidotes 

on short notice? Is there a means to guarantee quality of seed used? 

If new structures are to be built on public water supply systems, 

is there provision to monitor and guarantee maintenance? This is 
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particularly important in regard to public tubewell pumps and outlet 

structures. Is there an inventory of replacement parts such as 

lubricants, fuses, gaskets, pipe sections, and patching cement. Lack 

of* suc-h p r (:;in sev'erely compromise the system and destroy crops. 

Will orir;flor, be lrained to perform peri;dic maintenance and routine 

ri-pajir.o7Y Will the:ir ;up(riors b(- able to monitor the work? 

OrKanizational Structure 

Presence of physical and human resources does not guarantee they 

will be used according to plans. For instance, managers are unlikely to 

take responsibility for monitoring maintenance of structures and 

machines if their authority and responsibility is not clearly defined. 

Since timeliness is crucial in irrigation, there must be an ability to 

react quickly to farmer needs. Channels for communication both with 

local agency officals and with higher agency authorities will allow 

farmers to exert suitable influence on the services they receive. If 

farmers are illiterate or if they do not feel capable of communicating 

with high government officials, it is possible to use an advocacy system 

wherein an extension agent is legally authorized to act in the farmers' 

behalf, both with higher officials and with local functionaries. 

Formal organizations can impede timeliness of function if decisions 

must be made at levels far removed from local problems. The ideal is 

decentralized decision-making with responsibility for monitoring 

extending up a chain of command. 

If a solution package must include a new agency or a substantial 

change in an existing agency., it must be determined if sufficient time 

has been allocated for developing that organization. Hurried imple

mentation of 
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incentives for Job Productivity 

Just as presence of resources is not sufficient to achieve goals, 

neither are existence of detailed plans and organizational structure 

sufficient to insure implementation of plans. The best organizations' 
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physical and human resources can fail to function effectively if 

objectives of individuals are not compatible with overall purposes. 

It is tempting to assume that incentives follow lines of 

organizational authority and that they can be designed to work. 

However, incentives are only partly a function of the organization. 

The other Tjuirts come from individuals involved and from their social 

environment. The plan may call for an extension agent to spend more 

time in the field helping farmers with small landholdings. However. the 

agent's social background and tducation are usually closet" to those of a 

few farmers with large acrfage. Moreover, wealthy farmers are in a 

better position to secure hell from an extension agent as part of 

reciprocal exchange, involving both material and social favors. 

Consequently. personal attributes, apart from technical expertise, can 

drastically affect the effectiveness of extension agents or other officials 

who deal with farmers. Use of attitudinal screening is a possible way 

for improving incentive structtiue. Another method of orienting the 

assistance more directly to the less educated farmers with small acreage 

is to use local persons with minimum education but more practical and 

field type training. 

In some countries the government pays such low wages to its 

employees that they must gain additional income from some source to 

meet their responsibilities. One way in which the government employee 

can do this is to become so effective in the government position that 

the employee's services are in high demand and potential clients are 

willing to provide gratuities to obtain such services at an early date. 

While this is not acceptable in some societies, it may be an essential 

incentive for project success in others. Project staff developing a 

program should carefully research laws and how they are enforced 

because laws that are unenforced have, in many cases, been found to 

prevent incentives essential to the workings of the system. 

At high levels adequate incentives may be more difficult to find. 

Often, middle level managers find field work distasteful or demeaning. 

One method for overcoming such a pervasive attitude is by example. If 

water management research personnel includes educated persons of 

recognized professional attainment, their eagerness to spend time in the 

field weakens the stereotype that educated persons do not become 

directly involved in field work. There is, however, no reason to 



85
 

expect that the example of a few researchers will cause rapid change in 

deeply ingrained attitudes. Assessment of organizational capacity 

should therefore be based on a recognition of the existing incentive 

structure rather than on a desired change of attitude. 

RESPONSIBILITY AND COMMUNITY SELF-DISCIPLINE IN WATER 
MANAGEMENT
 

Adequacy of the solution package in social, political, and legal 

terms must he assessed in the social, political, and legal frameworks of 

the country or ;ir'e;a. Most of the developing countries have been under 

syst.ems chr'act.erized as autocratic control by a central government. 

With the recognition of self-rule and democratization, some of these 

countries are attempting to replace central government control with local 

self-discipline and decision-making. 

In some cases, local leaders are emerging who have strong 

interests in the common welfare, and recognition of the common interest 

is leading to self-discipline of a majority of the farmers, facilitating 

equitable distribution of resources to all concerned. In these cases, a 

solution package allowing the farmers flexibility to go in directions 

suited to their needs and take responsibility for the program is 

appropriate. 

In other cases, relaxation of central control has resulted in a state 

of anarchy where each individual appears to be interested only in what 

he can extract from the system for himself. This leads to situations 

where farmers on the lower ends of watercourses are receiving little or 

no water and the distribution system deteriorates as farmers break the 

control structures and dig channels through the banks of distributaries 

to obtain water wherever and whenever they want. Such deteriortion 

is often partly a result of a twisting of the democratization process in 

which newly-elected and immature representatives are used by these 

thieves to obtain exemptions from punishments for their misdeeds. 

In some cases where self-discipline has not developed, and rapidly 

increased production is essential to the welfare of the country, the 

solution may require a return to government control with firm support 

of laws designed to provide equitable distribution of the water. 

However, this type of a solution results in additional costs for 

enforcement and tends to remove opportunities for development of 

self-discipline and local responsible leadership. 
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In any society, solutions that facilitate and encourage development 

of self-discipline and of local leaders who will work for the common 

good, will be the best long-term solutions. Such solutions will require 

educational and demonstrational components to enable participants to 

understand that the benefits to the individual of cooperative action for 

the common good will, in the long run, exceed the immediate and 

temporary benefits derived from selfish and illegal acts. In some cases. 

the water thieves are being allowed to permanently retain benefits 

derived from acts contrary to the common good. An essential 

component of the solution for such cases will be provisions for 

enactment and enforcement of laws to enable local leaders to restore the 

water resource to its rightful recipients and apply penalties to those 

who persist in actions damaging the common interests. 

In assessing the potential for a solution to work in a framework 

that seems to border on anarchy, one needs to remember that even 

thieves have honor anu intelligence and many such individuals are 

ready to change their ways if the new solution will improve their 

physical and social situations. 

The reaction of the participants to the solution is often difficult to 

forecast. When field trials are conducted, and political and social 

problems prevent the solution from being completely effective, 

communication with the participants will often reveal underlying causes 

that can be alleviated by refinement of the solution. Immediate miracles 

should not be expected. Development is a step-by-step process. 

Replacement of an anarchic situation by a solution that still has some 

problems is a positive step, particularly if the new solution provides 

opportunities for understanding the benefits of self-discipline and , ,r 

development and recognition of leaders who are working for the commcn 

good.
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APPENDIX 

USE OF LINEAR PROGRAMMING TO PRICE WATER 

This appendix explains the basic idea of a linear program for crop 

sele:ction/wal.er pricing. The intent is not to give a rigorous 

rm;ithematic;sl or theoreticil treatment. Rather the object is to introduce 

readers familiar with on-farm water management to the potential of 
1 

linear programming. 

Rational management of water resources at the farm level 

presupposes knowledge of alternative strategies for allocating water to 

crops. In particular, there may be potential for combining crops whose 

peak irrigation demands are complementary, for selectively stressing 

some crops in order to stretch a fixed supply of water, and for 

substituting more or less water intensive crops for one another. 

Assuming that detailed knowledge about such strategies is available, the 

task of simultaneously considering all possibilities is formidable. 

Fortunately linear programming furnishes a convenient format for 

stating such problems so that they can be solved by readily available 

computer routines. 2 As a sort of bonus each optimal linear 

programming solution includes a set of "prices" which tells the analyst 

which constraints most strongly affect the value of the optimal solution. 

An example will help to understand the use of linear programming 

for on-farm water management. The particular example used is a linear 

program constructed by the Colorado State University Water Management 

Research Project team for application to the Punjab in Pakistan. 

1Numerous texts are available for various aspects of linear 
programming. A standard general reference is Luenberger (1973). 
More specialized references dealing with agriculture are Agrawal and 
Heady (1972) and Beneke and Winterboer (1973). 

2 Most major computer companies (e.g., IBM, Control Data, Univac) 

have special mathematical programming systems and some desktop 
computers also have linear programming packages (e.g., Hewlett 
Packard).
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CROPPING ACTIVITIES 

The basic building blocks of the crop selection linear program are 

t:roppinrg activities. These are just a summary of the inputs to and 

ou.puts from ;n acre' of a given crop. For example, an acre of wheat 

needs an acre of bind from November through April, it needs fodder for 

animals used in plowing, it needs labor during two busy periods of the 

year (April-May and October-November). and it needs irrigation in four 

months: November, December, February, and March. This information 

can be displayed as a budget: 

Yield = 30 maunds: 

Water 

December: 4 acre inches at the root zone 
November: 3 acre inches at the root zone 
February: 3 acre inches at the root zone 
March: 3 acre inches at the root zone 

April-May labor: 20 man hours 

October-November labor: 20 man hours 

Summer fodder: .1 units (acres of maximum 
summer fodder) 

yield 

Winter fodder: .15 units (acres of maximum 
winter fodder) 

yield 

A table 

cropping 

activities, 

example, 

can be used as a shorthand for 

budgets. The columns of the 

while the rows of the table are the 

Table 9 has been constructed using 

summarizing many such 

table are the cropping 

inputs and outputs. For 

wheat along with cotton, 

summer fodder, sugar cane, rice, and winter fodder. 

Although it should be clear how most numbers were arrived at for 

wheat, there is a need for explanation on several points. First of all, 

the first row is net revenue and it is treated differently from other 

rows. It is just: (yield x market price) - (cash costs). In the case 

of all but fodder crops the value is assumed to be positive. Fodder 

3 The acre unit is arbitrary; the unit could be chosen as a hectare or a 
"square" . Acre is used as a common unit for measuring crops. 



Net Revenue 

Water: 	 May 
June 
July 
September 
October 
November 
December 
January 
February 

March 

April 

Labor: 	 Apr-May 
June-July 
Oct-Nov 

Land: 	 Summer 
Winter 

Fodder: 	 Summer 

Winter 


Cotton 

$281.50 

1.36 
2.73 
3.94 
3.73 
2.90 
3.00 

20 

15 

30 


1 

.15 
.15 

Table 9. 	 Example 

S. Fodder 

-$200.00 

2.86 
6.23 
4.44 
5.73 

15 
30 
15 

1 

-.	 85 

of 	cropping acuivities. 

Sugar Cane Rice 

$538.00 $335.00 

8.36 7.36 
7.73 6.73 
5.94 9.94 
4.73 6.73 
5.90 
9.00 
6.00 

3.00 

5.00 

8.00 

20.0 	 25.0 
20.0 	 45.0 
20.0 	 20.0 

1 	 1 

.15 	 .15 
.05 

Wheat 

$56"3.00 

4.00 
3.00 

3.00 

3.00 


20.0 

20.0 

1 

.1 

.15 

W. 	 Fodder 

-$200.00 

3.00 
3.00 

3.00
 
3.00
 
6.00 

15.0 

15.0 

1 

-.	 85 
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(ropS;are assumed to be a requirement of other crops (feed for 

bullocks) and not marketable. Therefore, fodder has only a cost and 

no direct revenue. 

The remaining rows have a different sign convention from that 

used in the net revenue row--all inputs appear as positive numbers, all 

outputs appear as negative numlers. Therefore, the f'odder activities 

produce a net of .85 acres oC' h~gh Yielding fodder per acrie cropped 

(.15 units iirt: used as the fodder required to plow the land for raising" 

fodder). Oth,:r cro,ps differ in their net fodder roquiremunts according" 

to whether Th;It crop hs a by-product used as fodder (e.g. , rice, 

wheat, and sugar cane). 

Water use entries in the table have odd amounts in the summer 

months because rainfall has been subtracted from the requirement for 

water al the root zone in each month. 

WATER DELIVERY ACTIVITIES 

There are several ways to handle water supply. One is to simply 

specifiy an amount of we'4er available in each month. 4 In doing so one 

must always be careful to see that water requirements and water supply 

are specified in the same unit, in this case, acre inches at the root 

zone. The method used in this particular model was a single water 

delivery activity which made available the same amount at the root zone 

in every month, and which was limited by a "capacity" restraint. This 

had the advantage of being close to the real water supply situation in 

the Pakistan Punjab: surface water was available in fixed amounts in 

each month, with no cost associated with use of water (aside from a 

land tax). Another advantage of using a capacity constraint is that its 

price gives a summation of the values of water in each of the water 

supply periods. 

Alternative supply activities might be inclusive of a tubewell 

supply for supplemental water. Tubewells are subject to a variable cost 

of pumping and should be specified separately for each period. For 

4 Initial stocks of resources are usually entered in a special column at 
the left of a linear programming table. See Table 10 for an example. 
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example, a tubewell activity that supplies one acre inch of water in 

March would have a negative entry in the net revenue row, a "-1.0" in 

the March water row, and "1.0" in a special row which sets a limit on 

the water which can be supplied by the tubewell. Again, it is 

important to ue sure that supply is in the same terms as demand. If, 

for example, ir'-igation application efficiency is 85 percent, then the 

number entered in the March water row is -. 85 acre inches at the root 

zone to every acre pumped. Or, alternatively, the number in the 

March water row could be -1.0 at the root zone which the cost of 

pumping the necessary water which would be the cost of pumping an 

acre inch divided by .85. 

CROPPING ACTIVITIES WITH PLANT STRESS 

So far no mention is made of how water demand coefficients are 

derived for cropping activities. Those demands given in Table 9 

represent the no-stress levels of irrigation for the Sarghoda area of the 

Pakistan Punjab, given "average" weather and existing "average" 

husbandry practices. But. actual irrigation strategies are likely to be 

more sparing with water due to shortages in key months. Therefore, it 

is well to estimate yields and returns for strategies which attempt to 

adjust irrigations to accommodate peak demands on water. Table 10 

contains an elaboration of Table 9 for water stress activities. For 

example, the non-stress wheat activity used 4 acre inches in November. 

a month in which water is often limiting. Another activity, wheat 3. is 

defined as using 3 inches in November and none in 1anuary and 

February. The resulting yield is 80 percent below that of the 

non-stress activity (wheat 1). Two other activities are specified: 

wheat 2 which has milder stress and which gives 90 percent of maximum 

yield and wheat 4 which uses no November irrigation, is significantly 

stressed and which gives 60 percent of the maximal yield. Similar 

treatments have been given to the other crops in Table 9, using data 

from Pakistan. 

The important point is not the origin or precise forms of the 

stress inducing strategies, rather it is that such activities need to be 

represented in a linear program in order to represent the real economic 

choices facing farmers in their alternative irrigation strategies. 
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Certainly the idea of diminishing returns to additional water application 

is familiar to economists who understand that the maximum yield solution 

is seldom economical it' water is scarce. It is precisely tlis idh'a that 

can be captured by specifying alternative activities for each crop. 

USING LINEAR PROGRAMING PRICES TO VAIE WATER 

As menti(.,ned elier, every optimal solution to a linear program 

has a .,it. of ssoi;ted "prices" which correspond to the resources or 

con.rainf.. ,f the jar,(f,l'im. In the (:rop selection problem. prices have a 

straighlforw;,rd mi e(conomic thcy indicate the value toan interpretation: 

the optimal solution (.,1 their associated resources. For example, if the 

solution "price" of March water is Rupees (Rs..35), this means that an 

added acre in:'h of water available in March would result in an increase 

of Rs.35 in the optimal value of' the problem. Or put another way, if 

one were to consider removing one acre inch of' water from the farm in 

March, its opportunity cost to the farmiwould be 11s.35. 

These prices give at least two important indices. The first is the 

relative imlportancc of water in different periods. Typically, only 3 to 

5 water constraints will be totally used in any optimol solution. This 

means that other supplies will be excess and therefore assigned a zero 

value. In fact, if there were another region (or farm) whose seasons 

(or crops) differed, it might be that excess water could be profitably 

traded between regions (farms) (assuming no costs of transportation or 

transactions). Or, it could be an indication that ot.ora2-e is in 

order--(use of tubewells in conjunction with surface water is one type 

of storage). 

Another index is the sum of the prices on water restraints. This 

is a measure of the value of the overall delivery capacity It can be 

used to judge the value of changes such as addition of tubewells, 

improvement of delivery efficiency of watercourses, or increased 

application efficiency. Clearly, the pricing feature of linear program

ming is a useful way to estimate benefits for various changes in on-farm 

water management. But is must be emphasized that. diminishing 

response of crops to added water is important in predicting benefits. 

In the absence of reliable information on water response functions, 

what does the analyst do? One common practice is to use farm budget 
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information and thereby define alternatives in terms of existing 

practices. This should lead to reasonably good results in getting a 

linear program to duplicate ,olutions used b 'yfarmers I .'I it does 

leave the analysis vulnerabi., to error when wa terl !'esources are to he 

expanded outside the limits of far:'ers' exper'ience. Thert will probably 

be a tendency to undervalue increases in w:1 tI'z supply because the 

strategies represented do not ref!-ct the plenial returns to changing 

irriga;lionp ,'i'a(Jires in order to reduce stress. 

A NOTE ON )IKETAII, 

In building water pricing programs it is important to choose 

appropriate periods for wnt(,r availability. Usu;ily one month intervals 

a re sufficiently detailed to capture the seasonal aspects of water 

demand. But it may be that shorter periods nre necessary during 

particularly intense periods of demand. For example, the period before 

spring planting in the Pakistan Punjab has an intense demand for 

irrigation due to the need for pre-planting moisture in seed beds. 

Monthly water constraints used in the example presented in 'fable 10 

have tended to aggregate out the most intense shortages and therefore 

understate the value of water in the spring planting period. 

Care should be exercised so that too much predictive power is not 

attributed to linear programming solutions. Changes in "farm 

management" practices may entail reallocation of numerous resources 

including labor, tractor power, and car:ltal. Moreover, learning is 

often required. The crop selection/pricing linear program is 

ill-equipped to predict rates of learning or rates of adoption when 

farmers must rep'locate their resources within a complex environment, 

only part of which is represented in the linear program. This ic not to 

say that a precision leveled field cannot be represented in a linear 

programming problem to check effects on shadow prices of various 

inputs. But, the model should not be presumed to predict rates of 

adoption of the precision land leveling innovation. 



95 

REFERENCES
 

Agrawal, R. C. and Heady, E. 0. [1972]. Operations Research Methods 
for Agricultural Decisions, Ames: Iowa State 1Tniversity Prcss. 

Beneke, R. R. and Winterboer, R. [1973j. Linear Proalmminig
_A lication to Agricutlure, Ames: Iowa State Jniversity Press. 

Dasgupta, P. , Sen, A. K. and Margolis, S. , Guidelines for Project 
Evaluation, New York, United Nations Industrial Development 
Organiz;j ion, 1972. 

Hansen, -John H., Guide to Practical Project Appraisal: Social Benefit-
Cost Analysis in Developing Countries, New York, United Nations 
Industrial Development Organization, 1978. 

Little, I. M. D. and Mirrlees, Proiect Appraisal and Planningrin 
Developing Countries, Scranton, PA: Harper Row, 1974. 

Luenberger, David G., Introduction to Linear and Nonlinear 
Programming, Reading, MA: Addison-Wesley, 1973. 


