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ABSTRACT

Communal irrigation systems differ in how irrigation leaders and

their assistants are compensated by system users. In Northern

Thailand, compensatoion is generally on either an exemption or fee basis.

No satisfactory explanation for this has been given. This aspect was

chosen for study partly because it was thought likely to bear on water

distribution and hence on the economic efficiency of such systems,

and partly to test the applicability of an economic approach, particu

larly principal-agent theory, which has been used successfully to

explain other agricultural contracts. This study develops and tests

two theories to explain the different compensations.

The first theory uses a "principal-agent" approach, the thesis

being that the existence of one or the other type of pay has an

efficiency rationale in terms of net gain associated with the principal

agent relationship between irrigation committee and users of a system:

Choice of agent compensation is argued to be largely determined by

comparative cost advantage relative to the benefit of internalizing

the potential "externality" of overappropriation of water by users

at the head of a system. Factors considered to affect this choice

are value of scarce water, distance between head and tail users along

the main canal, number of users, costsharing benefits of head users,

number of villages, tenancy rate, and political vote power of head

users relative to tail users.

-------
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The second theory argues in terms of "more pay for more work"

subject to practical constraints to the exclusive use of one type of

pay. The theories may be combined into one, since each can accommodate

the other.

The results of the hypothesis testing reveal that using both

theories leads to better explanation of the results than does either

theory alone. The most successful explanatory variables were value

of scarce water, tenancy rate, and leader workload. There was no

evidence to suggest "political failure" due to head-user majority

voting power being used to institute a "weak" leader componset ton that

might adversely affect water distribution to tail users.

While the results give some support to both theories, further

empirical and theoretical work appear called for.
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CHAPTER I

INTRODUCTION

Communal (also known as traditional or people1s) irrigation

systems are nongovernment organizations that account for a substantial

portion of irrigated agriculture in certain countries. They include the

subaks of Indonesia, the zanjeras of the Philippines, and the muang fai

of Northern Thailand. Private mutual irrigation companies of western

U.S. states such as Arizona, Colorado, Utah, and Wyoming can also be

included in this category.

In many developing countries, irrigation investment has recently

been viewed as an extremely important part of achieving increased food

production and rural incomes (Asian Development Bank, 1980:238-246; Siy,

1982:7). In Thailand about 60 percent of the public investment budget

for agriculture is for irrigation .(Gasser, 1981:68).

As evidenced by the lack of a theoretical rationale to explain

empirical findings and by conflicting evaluations of systems in terms of

productivity and equity, current understanding of communal irrigation

systems is weak, reducing the policy relevance of studies of these

systems. Yet given the prevalence of communal irrigation, policymakers

are ultimately faced with the questions "Are the existing arrangements

to be maintained? Are they to be modified, and if so, in what ways?

Or are the existing patterns so inappropriate as to require replace

ment?" (Coward, 1981:23).

Communal irrigation systems have been observed to differ in how

leaders and assistants are compensated. In Northern Thailand,
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compensation generally appears to be on either an exemption or a fee

basis. No satisfactory explanation for this has been given. Yet such

compensation would be expected to affect how water is distributed

within these systems, thereby affecting their productivity.

This study develops and tests "principal-agent" and "practical

constraints" theories of the choice between exemptions and fees in

communal irrigation systems. The next section provides background

information, followed by a brief review of previous studies, and state-

ment of contribution of this study.

1.1 Communal Irrigation Systems in Northern Thailand

Northern Thailand consists of seventeen provinces covering about

one third of Thailand's total area and 20 percent of its total cultivated

area. For development purposes, two sub-regions may be delineated: the

upper north, consisting of the nin~ provinces Chia~g Rai, Phrae, Nan,

Phayao, Mae Hong Son, Chiang Mai, Lamphun, Lampang, and Tak, and the
.

lower north, consisting of the rest (see Map 1). The region has the

highest ratio of farming population to cultivated land and the highest

average rice yields in Thailand.

Among the most important surface water resources of the north are

the four great tributaries of the Chao Phraya. River--the Ping, Wang,

Yom, and Nan rivers. The main sites of irrigated agriculture in the

upper north are the intermontane valleys that occur along the courses

of these rivers and their tributaries (Kung, 1974). Along the Ping

River, the Chiang Mai-Lamphun Basin contains about 940,000 rai (1,600

sq m = rai; 2.5 rai = 1 acre; 6.2~i rai = 1 ha). It is the largest
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and most developed of the northern basins. Map 2 shows provincial

towns in Chiang Mai and Lamphun provinces that roughly indicate the

limits of the field research area. The Chiang Mai-Lamphun Basin is

within that area, with northern and southern limits roughly at Maetang

(Chiang Mai Province) and Banhong (Lamphun Province) respectively. A

Royal Irrigation Department of Thailand survey of 1962 indicated that

about 64% (600,000 rai) of this area was irrigated by approximately

2,000 communal irrigation systems (Sektheera and Corvanich, 1974).

Communal systems also occur in the other basins (Kung, 1974).

"Communal" irrigation refers to irrigation arranged by people for

the agricultural advantage of their community. This is in contrast to

"personal" and "commercial" irrigation, the other two categories of non

government irrigation identified in the People's Irrigation Act (1939)

of the Thai government.

"A typical communal system is based on a weir, made from local

materials such as bamboo stakes, logs, and stones ... built across a

stream or river ... and serving to raise the water level to a height

sufficient for diversion into irrigation canals" (Gypmantasiri et al.,

1980:15). However, the recent trend has been toward replacement of

traditional weirs with more permanent structures, often concrete. Other

technical features include canals. head regulators. division structures,

and on-farm ditches (see Figure 5, Chapter III). Gravity is the force

sustaining downward flow of water from head to tail in a system. The

physical structures are usually built (or were, until recently), main

tained, and operated by water users and a committee elected by them.
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A major function of communal irrigation systems is to provide water

to supplement rainfall during the rainy season (late May-October) for

wetland rice cultivation. Without supplementary water, wetland rice

either would not be possible or would generally give lower average

yields of greater variability. Replacement of wetland rice by dryland

rice, where feasible, would be likely to result in rapid drop of average

yields due to soil depletion, unless effective countermeasures were

taken. The other function for many communal systems is to provide water

for dry--(November-February) and hot--(March-early May) season cropping,

often to a smaller area.

In contrast to the four government systems in the Chiang Mai

Lamphun Basin, which irrigate areas from about 40,000 to 150,000 rai,

communal systems involve much smaller areas, from less than 50 rai to

more than 10,000 rai.

Modern Thai government involvement in communal irrigation systems

began shortly after the formation of the Royal Irrigation Department

(RID) of the Ministry of Agriculture, in 1927. From 1928-36, the first

large-scale central government irrigation system in the upper north, the

Mae Fack Project, was constructed in Chiang Mai Province, using modern

engineering skills and materials. This system was built to serve an

area that had largely been irrigated by communal irrigation systems.

In 1939, a comprehensive People's Irrigation Act was passed. This

act indicates procedures to be followed in setting up various cate

gories of non-government irrigation, delineates responsib1lities of

government officials with respect to communal systems, and states who

has authority and how operation, maintenance, and repair of such systems
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can be dealt with. The timing of this act coincided with the spread of

communal irrigation to the Central Region and ensuinQ conflicts there

(Withaya Tirananon, RID, personal communication, 1985). The act,

following minor modification in 1980, remains the basic administrative

reference on non-government irrigation systems.

According to the 1939 act, the appropriation of water for communal

irrigation is, in theory at least, subject to approval by certain govern

ment officials. Communities are given use rights to water in rivers

and streams. Local administrative officials, irrigation leaders, or

~~jority voting by beneficiaries may be used to allocate or change the

allocation of water. Individual farmers have use rights to water

according to the allocation decided on, subject to their acceptance of

maintenance and other roles in their system. They are not free to buy

and sell water as they please.

The 1939 act also provides a role for government officers in cases

of unresolved conflicts between communities using different systems

or between communities within a system. This does occur. Several years

ago, a case of upstream-downstream conflict between Fai Nongyen (a large

communal irrigation system in Sanpatong District, Chiang Mai Province)

and weirs further downstream involved government officers and weir

committee members in the working out of a solution. Surarerks (1986:

106) documents another case of conflict in which the government played

a role.

Despite modern government involvement as described above and in the

construction of many permanent weirs and head regulators, communal

irrigation systems in Northern Thailand continue to be largely managed

(operated and maintained) by the communities that they directly benefit.l
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The high degree of vertical integration (consumers are generally

also the producers) is an observed and defining feature of communal

irrigation systems. Small farms and economies of scale in production of

irrigation services mean that one system can serve many users. However,

users could still hire others to run the system. The historical and

present-day fa t Iure of markets in irrigation services to exist in many

areas served by communal systems may be explained by the relative

scarcity of labor with lower opportunity cost than farmer-users, the

simplicity of the technical knowledge and skills called for, the

relative lack of conflict with other farming tasks, the availability of

local building materials, and possibly the increased likelihood of

incorporating relevant information (about local conditions and farmer

wants) into system design and management, under farmer-users. For

another explanation in terms of reneging on a contract involving specific

capital, see Klein, Crawford, and Alchian (1978).

1.2 Review of Previous Studies

Most previous writings on communal irrigation systems in Northern

Thailand or elsewhere are in the nature of ethnographic descriptions or

comparisons. Although varying considerably in scope and purpose, most

have some description of internal organization of the systems. Studies

of Northern Thai systems include na Ayutthaya (1979), Frutchey (1969),

Potter (1976), and Tanabe (1981). From such studies, Coward (1977) has

identified three "organizational themes" (generalizations or stylized

facts relating to organization) that characterize communal irrigation

systems:
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(i) Canal-based organization, meaning that the critical unit

is the "irrigation community."

(ii) Mini-unit organization, in which the service area is

divided into non-overlapping subunits defined by common irrigation

infrastructure and communities and having separate leaders with authority

of varying degree vis-a-v"ls subunit water users to make and enforce

water management decisions within their jurisdictions.

(iii) Accountable leadership, based on (a) relatively small

groups of water users, (b) selection of leaders by the water users, and

(c) compensation of leaders by the water users. 2

Coward provides some analysis in terms of functionality (sometimes

referring to disfunctiona1ity of a few alternatives) to argue the merits

of these organizational characteristics. For example, he notes that

small groups, especially if members have similar social standing, are

able to employ "special mechanisms of reciprocity to achieve relative

order." Large groups, on the other hand, may have to rely on communi

cations technology not locally available. Of "accountable leadership,"

he claims that "leadership roles based on these organizational

principles [small scale, local selection, and direct compensation]

pattern the incumbent1s actions in directions acceptable to the

irrigation group" (1977:116, 118).

Siy (1982) is another author with observations on principal-agent

relationships in communal irrigation systems. He argues that features

common to many communal irrigation systems in the Phi1ippines--strict

and regular attendance checks, fines for absences and delinquencies,

fixed fine-payment day, free food and drink on work days, socials and
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celebrations, small work units, and communal property--serve as effec

tive, selective incentives to overcome member "free rider" calculus

in group work activities.

From their observations, some authors appear to conclude, without

analysis, that what exists is efficient. For example, na Ayutthaya

(1979:77) says "because this system [muang fa;] has a history of

hundreds of years, defects were gradually corrected and finally it

developed into a system which is suited to the society and environment."

Others conclude, also withou~ analysis, that what exists is inefficient.

For example, Ongkingco (1973) surveyed fifteen communal systems in the

Philippines and concludes--apparently on the basis of complaints from

farmers at some system tails, the inactivity of one farmers' associa-

tion, and the involvement in two systems of someone with outside

authority--that "most of the systems surveyed need some form of .

social development. II Another example comes from de los Reyes (1980:

41) who refers to some communal systems being "better organized" than

others on the basis of having seven spec"ified management characteristics.

A recent World Bank publication is somewhat ambivalent about the

performance of communal irrigation systems. On the one hand, they are

admired:

there is a great deal which development agencies can
learn from the way in which indigenous groups operate

their achievements in organization and manage
ment are ... impressive ... and reflect the
application of many basic management principles which
have been neglected or overlooked by government
agencies on their much larger projects ... Particu
larly remarkable is their capacity to self-finance
all their costs (construction as well as operation
and maintenance). (Bottra11, 19~1: 218, 223)
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On the other hand, there is some suggestion that these systems tend

to be unable to survive or lack viability unless they are small and

have abundant water and simple technology.· Social stratification and

cohesion are other factors mentioned. There seems to be concern about

lack of "egalitarianism" in the larger systems. And "nearly all in

digenous schemes .•. could benefit greatly from better advisory

services ." (1981: 20-21, 222-223).

Much of the concern about productivity and equity in surface

gravity irrigation systems relates to a somewhat notorious feature--the

advantageous physical location of users at the head of the main (or

other) canal relative to those at the tail, in a world with positive

enforcement costs. Water reaches the tail by gravitational flow through

an open canal that also serves users at the head. It is often claimed

that large-scale government-managed systems in some countries exemplify

a "ti'lil-end synrlrome"--where agricultural productivity at the heads

of cana1s or systems is much greater than at the tails (see Cruz, 1982:

40). The claim is that were more water allocated or distributed to

the tail relative to the head, there could be net gains in value.

Implicitly, some of the major concerns about communal systems relate

to tail-user water access.

In summary, the literature concerned with management in communal

irrigation systems has produced four stylized facts on management,

information en some differences between systems, occasional analysis,

some policy recommendations about ingredients for success of surface

gravity irrigation systems, and various efficiency or inefficiency

claims (not explicitly formulated as theories, but implicitly relating

to principal-agent concerns) about existing systems. The links between
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policy recommendations and empirical findings are sometimes obscure

and generally weak, due to the absence of a strong analytical component.

1.3 Purpose of this Study

The purpose of this study is to address the problem of analytical

deficiency described above, by developing and testing two theories to

explain observed differences between leader compensations in these

systems. The first is a principal-agent theory with irrigation-specific

hypotheses. The second is based on practical constraints to the exclu

sive use of one type of pay.

One reason that leader compensation was chosen for study is because

it was felt likely that this aspect would have an important influence

on water distribution, about which there is some concern in the irriga

tion literature. The findings of the study might therefore contribute

to an understanding of water management in communal irrigation systems.

Another reason for choosing leader compensation for study is that there

has previously been some success in explaining different forms of com

pensation in other agricultural contracts--notab1y land tenure and

sugarcane production--using an economic approach, namely, principa1

agent theory. It was desired to test the applicability of this theory

to the corresponding aspect of the irrigation context. This had not

previously been done.

The theory is developed in Chapter II, followed by sample informa

tion in Chapter II, and operationa1ization and report of findings in

Chapter IV.



CHAPTER I--NOTES

lFurther details of modern government involvement in communal
irrigation systems of Northern Thailand are described in na Ayutthaya
(1979) and Surarerks and Chulasai (1982). For traditional ruler
involvement, see Cohen (n.d.), Surarerks (1986), and Tanabe (n.d.).

2The studies suggest another management theme which has also been
identified by de los Reyes (1980) and Siy (1982): (iv) Proportional
costsharing, meaning that the costs of jointly-used structures are
shared only by users who benefit from them and using a proportionality
rule with some proxy measure of benefit.

13



CHAPTER II

THEORETICAL METHODOLOGY

Economic and accounting literatures that address the questions

of (1) why organizations take the forms they do, (2) what their effects

on resource allocation are, and (3) what explains their structural

features, include the ~new institutional economics~ (Williamson, 1975)

and "organization theory'; (Jansen, 1983). The methodology of these

literatures is to try to identify relevant environmental or empirical

constraints, make appropriate behavioral assumptions, and by combining

these with deductive reasoning that uses economic concepts, predict

observable outcomes of institutions. In the field of economics, the

theoretical approach has been traced to pioneering articles by Coase,

A1chian, Demsetz, and others. These articles are part of what has been

referred to as the "property rights" literature (Jensen and Meckling,

1976) .

Roumasset (1978) classifies the theory used to explain institu

tions, in terms of an Occam's razor strategy that makes use of three

"princip1es~ involving assumptions of zero transactions cost and com

petitive bargaining (first-best world), positive transactions costs

without bargaining asymmetries (second-best world), and positive

transactions costs with bargaining asymmetries (third-best world),

respectively. He illustrates how these principles have been used to

explain aspects of agricultural organization.

Within these literatures, focus on aspects of the principal-agent

relationship, which can be considered present in all forms of collective
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action or organization, is known as "principal-agent theory. ,,1

Roumasset and Uy (1984) note that in agriculture, the theory of

organizational form has dealt mostly with tenure choice, which is

increasingly being modelled with a principal-agent framework, and that

"questions of tenure choice, employment contracts, management systems,

and farm size can all be usefully viewed as parts of a more general

study of the nature of the agricultural firm."

The first section of this chapter briefly introduces principal

agent theory and selected applications. The second and third provide

relevant institutional material. The fourth section builds on the

preceding sections to develop a principal-agent theory and hypotheses

to explain differences between two kinds of leader compensation in

communal irrigation systems. The fifth section presents a second theory

in terms of practical constraints to exclusive use of one type of pay.

2.1 Principal-Ager.t Theory and Selected Applications

.
An agency relationship can be defined as "a contract under which

one or more persons (the principal(s)) engage another person (the agent)

to perform some service on their behalf which involves delegating some

decision making authority to the agent" (Jensen and Meckling, 1976).

The assumption of utility-maximizing behavior by both parties, combined

with different (principal versus agent) utility functions and positive

transactions (information and enforcement) costs relating to production

inputs, leads to departure from a first-best world in the form of

"agency costs" or "excess burden." These costs are defined as "the

sum of (1) monitoring expenditures by the principal [and, more generally,

by the agent], (2) bonding expenditures by the agent, and (3) the
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residual loss" (1976:308). "Residual. loss," al so described as loss

due to "shirking," refers to the use of agent (and, more generally,

principal) discretion to create a divergence between their (assumed)

goal of maximizing the total value of output and the total value

obtained.

The principal-agent problem has been formulated mathematically

and described as an optimization problem in which the principal is faced

with choosing the contract that maximizes his expected utility, subject

to the constraint that the agent's utility be at least as great as in

the latter's best alternative employment (see Ross, 1973, for example).

"First-best" solutions, where costs of monitoring production inputs

are assumed away, can be distinguished from "second-best" solutions

where these costs are assumed positive. "Agency costs" or "excess

burdenII have been described in terms of the difference between net

values of production in the first- and second-best cases (see Roumasset

and Uy, 1980, for example).

Such models have not been taken to the point of predi cti ng features

of actual contracts through complete mathematical formulation of

problem-specific information. Rather, according to Spence (1975), lithe

tendency is to explain the existence of institutions and processes in

terms of their functional roles and ... to cement the argument by

showing that some set of alternatives is functionally inferior." An

economic analysis requires that functional inferiority or superiority

be expressed in terms of net costs or net benefits. Agency-cost trade

offs may be depicted graphically for heuristic purposes. This approach

has been fruitful in explaining choice of such features of the firm

as ratio of outside equity to debt and the scale of outside financing
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(Jensen and Meckling, 1976), choice of pay structures in rice and

sugarcane production (Roumasset, 1978; Roumasset and Uy, 1980), and

choice of land tenure contracts (Reid, 1979; Sharma, 1984; Eswaran and

Kotwal, 1985), for example. By way of illustration, two of these

applications--sugarcane production and land tenure--are now briefly

discussed.

In the case of ~ugarcal1e producing, Roumasset and Uy (1980) argue

that relative to time rates, piece rates reward speed or effort at the

expense of quality. Workers, viewed as producing intermediate output,

will be paid piece (time) rates if the decrease in "effort shirking"

("quality shirking") losses outweighs the increase in quality shirking

(effort shirking) losses. They identify three conditions under which

piece rates are more likely to be chosen than time rates:

(i) where quality shirking is easy to detect or monitor,

(ii) where ease of setting appropriate piece rates increases,

and

(iii) where worker heterogeneity increases so that employer

difficulty of screening workers increases.

Condition (i) is invoked to explain the greater observed incidence

of piece (time) rates for the tasks of harvesting and canepoint cutting

(chemical application) on a sample of 60 farms in the Philippines.

Condition (iii) is also invoked to explain greater incidence of piece

rates for harvesting.

The authors then consider factor prices, land quality, and farm

size as likely determinants of labor contracts in "agricultural settings

wherein factor markets are not necessarily highly developed." They

argue that piece rates rather than time rates are more' likely where
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wage rates are relatively high (making the reduction of effort shirking

by using time rates and increased worker labor relatively unprofitable)

and farm sizes large (making the hiring of teams through middlemen

easier than the hiring of individual workers). Land quality, however,

"might not be a major factor in the choice of wage versus piece rates"

because except where condition (i) or where economies of scale also

occurs, neither type of contrast would appear to have an overall com

parative advantage. Again, the empirical data provided some support

for the theory.

In the case of land tenure, the most commonly observed contracts

are fixed rent, fixed wage, and sharecropping. Following Reid (1979),

Eswaran and Kotwal (1985) "view sharecropping as a partnership arrange

ment in which both agents have incentives to self-monitor; Such a

contract arises to mitigate morally hazardous behavior on the part of

both agents. If all the monitoring is undertaken by a single agent,

he becomes the sole residual claimant; in a wage contract it is the

landlord, and in a fixed rental contract it is the tenant. The

different contracts thus reflect different techniques of combining

unmarketed productive inputs" (1985:353).

The two unmarketed inputs that these authors focus on are the

ability to supervise labor and the ability to manage, i.e., to make

production decisions that use technical and market information. In

the fixtd wage contract, the landlord provides supervision and manage

men~, and hires unskilled labor. In the fixed rental contract, the

tenant provides supervision and management, and hires unskilled labor.

In the share contract, the landlord provides management while the tenant

provides supervision.
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Contracts will be chosen so as to minimize total agency costs,

given the relevant opportunity incomes of both parties. The authors

discuss the following observations, among others, with reference to

their model:

(i) the tendency for absentee landlords to choose fixed rental

contracts,

(ii) the rise of sharecropping in the southern u.s. following

the abolition of slavery, and

(iii) the strong correlation between sharecropping and labor

intensity of production in the postbe11um southern U.S.

Sharma (1984) uses a similar manner of theorizing to argue that

fixed wage (rental) contracts will tend to be chosen where land quality

is high (low), where distance to landlord's residence is short (great),

where landlord non-farm income is high (low), and where ,landlord wealth

is greater (small er) . Empi ri ca1 data ofrom Nepal supported these

hypotheses.

The theory and hypotheses developed in section 2.4 below, derived

from my reflections on documented and observed diffei'ences in irrigation

leader compensation, the issue of head- versus tail-user access to

water, and principal-agent theory. The first two matters will now be

discussed, followed by the theory.

2.2 Characteristics of Agent Compensation

To speak of "agent compensation" presupposes "agents." But con

sidering the producers of a system as a production team, the first

question is: under what circumstances will it become socially profit

able to delegate some responsibilities for, say, water distribution
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(that will potentially affect how much will get to the tail), to one

or more agents? If water was abundant relative to demand, delegation

for this purpose would not be expected to occur, because independent

appropriation of irrigation water would not have "external" effects,

so having special agents would involve net costs.

In the presence of water scarcity, delegation of some water dis

tribution responsibilities to a smaller number of agents (than the

number of users) would be expected to have a comparative advantage (over

no delegation and over sharing of responsibilities among users equally)

as transactions costs of equal-member involvement increase. Similarly

with respect to weir design and supervision of its construction as the

frequency of such tasks and the number of users increase.

However, the question of delegation will not be considered

further here, since field research of 100 systems in Northern Thailand

did not provide any example of a system without at least informal

delegation of certain tasks to agents. 2

In systems where there is some degree of management specialization

through delegation of certain tasks to agents, differences exist between

systems concerning agent compensation. For example, Sektheera and

Corvanich (1974) write:

Compensation for their service may be in one of the following
forms:
1. Exemption from providing labor and materials to maintain
and repair the system,
2. Exemption from paying for the use of water, and/or
3. Annual fees in cash or produce paid for by the members.
All systems generally provide free water to [their] officials
as well as exempt them from providing maintenance and repair
materials. Small systems generally do not collect an annual
fee whereas larger systems generally charge members.

------ --------
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Na Ayutthaya (1979:43) describes cases in which leaders or their

assistants were remunerated with extra shares of water that were free

from labor and material obligations for system construction and

maintenance.

Tan-kim-yong (1983:288) says that the fees are like "a seasonal

allowance," that "leaders earn an amount proportional to the size of

the irrigated land," and that the reason for the difference in remuner-

ation between small-system leaders and large-system leaders is that

large-system leaders work harder at a variety of tasks:

The work of the leaders in large organizations includes water
allocation, maintenance, conflict management, ritual per
formance, and coordination with the government agencies during
times of emergency and special projects. The basis
of the remuneration in the muang fai system is that
when the leaders work more, they get more.

The field research of 100 communal irrigation systems in Northern

Thailand gave a clearer picture of numbers, configuration, selected

characteristics, and compensation of irrigation leaders and assistants.

Some of these are now described.

The great majority of systems had one person who was the leader,

though there were a few cases of two leaders or (informally) more.

Leaders, alw~ys mep., usually (87%) had the standard four years of

primary school education (6% had less and 7% had more). Farming was

usually a major occupation (about 95%). Most farmed or owned land in

the system (96%), were not currently local administrators in the Thai

civil service (75%), and were members of one or more village committees

or clubs (78%). Of those with land in the system, 34 had land at the

head only, 41 had land at the tail only, and 21 had land at both head
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and tail. In many systems, leaders had held their positions for several

years and the period of service was not specified.

In two of the four systems where leaders had no direct land

interest, the leaders were also village headmen and received no compen

sation from farmers. In the third case, the leader explained that

farmers preferred an outsider because this meant disciplining of users

was more effective. He was paid in rice per user water share. In the

fourth case, the leader was a member of the provincial parliament and

had been successful in getting substantial sums of government money

for weir improvement. Like the leaders, assistants generally farmed

land in the system.

In this study, only those with a direct role in water distribution

are considered as agents. Those with an exclusively messenger role,

for example, are excluded. Main-weir guards, present in some systems,

with duties of watching over the weir and opening or closing the head

regulator as requested by authorized persons, are also excluded. Agents

were of two kinds. The leader (occasionally two or more) and possibly

his leader- or farmer-selected assistants, had system-wide responsi

bilities. Further assistants, selected by the relevant village groups,

had area-specific responsibilities and possibly a voice in certain

system-wide matters. The total number of agents varied between one

and 46 per system. In all systems studied, such agents also supervised

maintenance and construction: no specialization in water distribution

was observed.

Apart from agent compensation, two other features of water dis

.tribution management are the number of agents having some responsibility

at the tail, and their configuration in terms of comprising either
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system-level-only agents or system-level together with area-specific

agents. In the great majority of systems studied, area-specific agents

were selected as village representatives by water users of the village.

In a few systems they were selected as lateral canal or other specia1ly

defined section representatives.

In the 34 systems where wet-season fees were paid to at least some

agents by farmers, they were paid as rice or cash and assessed either

per rai of riceland irrigated or per share of water received (except

in one system where members were assessed per capita). If land at the

tail (or anywhere else) did not yield well, agents paid in these terms

might not get as much. Payment was always at the end of the season

and could be reduced at farmer request if yields were below normal.

The amounts of rice paid varied from about ~ to 70 kg/rai (being

15 kg or less, in all except one case) or 10 to 20 kg/share. Assuming

yields of 600 kg/rai, this is considerably less than 10 percent of the

total harvest. The ilioounts of cash paid varied from ~.5 to 10 Baht/rai

or 25 to 50 Baht/water share. Total amounts paid to leaders vaiied

from about 250 to 10,000 kg of rice or 1,000 to 20,000 Baht. The con

sumption of unmilled rice in Northern Thailand has been estimated at

about 300 kg/person/year (Tanabe, 1981:111). Payments of rice to agents

could meet a substantial part of their yearly household rice consumption

(or even more) in many cases. Payments of cash may sometimes form a

considerable part of agent income (see rural household income figures

in Chapter III, section 3.2).

Whether or not fees were paid, agents were generally exempt from

providing materials for system repairs, though they had supervisory

roles. In many systems. agents received a specific number of rai or
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water shares (tang) of "exemption" (nam yak: literally "exempt water")

which could be and often were sold or given to others. The exemption

refers to freedom from costsharing obligations with respect to the

irrigation system construction and maintenance. For example, if a user

bought, say, 5 rai of exemptions, he would be buying entitlement to

use water that would enable cultivation of 5 rai of land, free of con

struction and maintenance obligations on the system. A purchase of

one water share of exemption would mean the buyer was entitled to use

one share of water, free of the same obligations.

Leader exemptions ranged from 5 to 100 rai, to 10 water shares,

or 30 to 40 persons (in cases where members were assessed per capita).

Assistant exemptions ranged from 5 to 20 rai, 1 to 5 water shares, or

1 to 10 persons. Leader exemption was most commonly twice that of

assistants. In other systems, the number of units of exemption was

not specified, but was whatever covered the amount of land or water

shares that the agents had in the system.

The selling prices for exemptions, if sold, ranged from 4 to 200

Baht/rai, 10 to 60 kg rice/rai, 100 to 500 Baht/water share, 45 to 500

kg rice/water share, and 100 to 400 Baht/person. Assuming leaders sold

all their exemptions except their own requirements, total amounts that

could be earned would vary from about 250 to 4,500 kg of rice or 1,000

to 10,000 Baht. In systems where leaders received both fees and

exemptions, the amounts that could be earned through sale of exemptions

were generally not more than 10 to 20 percent of the amounts earned

through fees.
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Prices. at which exemptions could be sold could vary between users

of a given system. For example, in one system the selling price to

tail users was 60 kg/rai while to head users it was 45 kg/rai. The

leader explained that tail users were willing to pay more since they

had heavier obligations in canal dredging. Abstracting from price dis-

crimination, and considering farmer users as competitive bidders for

a limited number of exemptions that are not monopoly priced, the

"market" price of an exemption would be determined by the opportunity

cost of weir and canal work to the marginal buyer. However, as for

fees, although the price(s) of exemptions were negotiated at the

beginning of the season, they were not paid for until the end of the

season and could be reduced if yields were abnormally low. 3

Fees and/or exemptions were the only kinds of compensation formally

instituted in the systems studied, with one exception, where the com-

pensation for the leader was "as much water as he wanted for his

fields." His fields were at the head end of the system. And in another

system, the leader said he received nothing, not even an exemption.

The combinations of exemptions (including the two excepti0nal cases)

and fees observed were: exemptions only (66 systems), fees only (2

systems), and fees and exemptions (32 systems).

2.3 Head- Versus Tail-User Water Access

Access to water within irrigation systems is a function of manage

ment of water allocation ancl distribution. While allocation refers

to nominal water rights, distribution refers to the enforcement or

implementation that makes rights effective. Distribution is taken to

involve some or all of the following tasks:
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(i) establishing rotation,

(ii) opening and closing various technical structures,

(iii) monitoring water flows, and

(iv) investigating conflicts or stealing.

The following circumstances have raised concern about head-tail

water access in communal irrigation systems:

(1) Change from water abundance to water scarcity

(2) Increase in head-tail canal dist~nce between system users

(3) Increase in the total number of system users

(4) Change in irrigation technology

(5) Increase in social fr, mentation

(6) Political power at the head being used to undermine water

access at the tail of systems.

(See Bottrall, 1981; articles in Asian Productivity Association, 1977;

and Coward, 1981, for example.)

It is in relation to the first circumstance that concern about

the others arises. This circumstance is now discussed.

Economically, the demand for irrigation water by head user(s) can

be represented by a value-of-marginal-product (or marginal benefits)

of water curve. Bringing in tail users, the appropriate diagrams are

shown in Figure 1. Without price exclusion or other methods of control,

head users would take xOH units of water if available. If water was

abundant relative to demand, the marginal costs of this appropriation

in terms of net value of forgone product at the tail would be zero.

The appropriate diagram is shown in Figure 1, case 1. Consumption of

water would be xOH and xOT by head and tail users respectively, with
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excess water S - [XOH + xOT], where S is the total available water at

the main intake per time period.

Under relative scarcity of water, case 2 diagram applies. The

efficient solution of maximum net benefit is given by point E, with

users consuming xEH and xET respectively, where xEH + xET = S. The

MB curves here measure benefits net of delivery costs including those

due to "lost" water.

It is perhaps worth noting that under extreme water scarcity, the

optimal solution may involve denial of water to tail users, as

illustrated in case 3 diagram. Here the efficient solution is given

by point E, with xEH = Sand xET = O. The "external" effects of not

including tail users are Pareto irrelevant.

Case 2 is the one that causes concern. Competitive price bidding

for measured quantities of water is not explicitly used to allocate

water between head and tail in communal irrigation systems. But some

controls are necessary to avoid independent appropriation that would

presumably lead to E* with overconsumption at the head (assuming head

users and tail users are different people) and inefficiency costs

represented by the shaded triangle in the diagram. Within limits, as

S decreases in case 2, both the value of the water shortfall relative

to demand at the head and the value of controls increase. Stronger

enforcement of an (assumed, correct) allocation to tail users would

be both necessary and appropriate.

Potential gains of controls are represented by the shaded triangle.

For a control mechanism to be socially profitable, the cost of running

the mechanism would have to be lower than the potential gains. And
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economic efficiency requires that the least-cost socially profitable

mechanism prevail.

2.4 Principal-Agent Theory of Compensation

This section develops a theory to explain the existence of two

kinds of agent compensation--exemptions and fees--in communal irrigation

systems.

Exemptions and fees are viewed as the outcomes of choice assumed

to have evolved as a result of collective efforts to "minimize excess

burden" associated with positive agency costs. The aim is to explain

the observed choices. A principal-agent framework assuming positive

information and enforcement costs is used to develop most of the theory

and hypotheses. The "principals" are taken to be the water users of

a system, and the "agents" are taken to be its committee members.

As mentioned earlier, the term "agent" will be used to refer only

to those who have been assigned tasks relating to water distribution.

Agents also have other tasks, but it is regarded as fruitful to abstract

from these for now: in particular, the compensation that agents receive

is assumed to be for water distribution to the system tail.

The scope of the analysis is further narrowed to consider only

system-level agents, rather than area-level agents. The analysis per

tains to the wet season only, since this was the most fully documented.

The fees under consideration are those with a component from tail users.

In two systems, system-level leaders were also area-level agents, com

pensated with fees from head users but not from tail users. In their

capacity as system-level agents they were not remunerated with fees
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from tail users, and received only exemptions. Hence they are con

sidered as receiving exemption rather than fee compensation. This

left 32 systems having leaders and possibly system-level assistants

receiving fees (from both head and tail users) generally also with

exemptions. In the remaining 68 systems, they received only exemptions.

Leader compensation will be considered as the outcome of a choice

between these two categories, henceforth refeTTec to as "fees" or

"exemptions." This abstracts from the fact that fees generally occur

in combination with exemptions.

Concerning the fact that a leader usually receives exemptions at

least for the amount of land he farms in the system, it may be noted

that if he did not receive any exemptions, he would have to either

directly contribute labor and materials or arrange for their provision

by substitutes. In either case, especially the first, extra demands

are being made on the leader's time and attention, in addition to those

already required for his management and supervision of construction

and maintenance work on main weir and canals. Freedom from these extra

demands could serve to reduce productive losses due to suboptimal

allocation of his scarce time.

Table 1 shows the distribution of exemptions and fees between

systems classified on the basis of number of villages and rotation of

water. These data demonstrate that fees are not restricted to larger

systems with a higher degree of water rotation, which might be expected

if fees were used simply as additional payment for greater work by

leaders in larger, more complex systems.

The basic allocative goal in Northern Thai communal irrigation

systems is "reasonable" crop yields for all members (Uraiwan
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Table 1

Proportional Distributions of Exemptions (Fees)

Villages Systems with
not more than Systems with more
4 vi 11 ages than 4 villages

Rotation (n = 51) (n = 49)

Systems with 13/19 or 0.68 9/14 or 0.64
no rota.tion (6/19 or 0.32) (5/14 or 0.36)

(n = 33)

Systems with 26/32 or 0.81 20/35 or 0.57
some rotation (6/32 or 0.19 ) (15/35 or 0.43)

(n = 67)

Tan-kim-yong, personal communication, 1985). Perceived inadequacy of

available irrigation water and absence of lower-cost alternatives

relative to this goal is what leads to decisions to control independent

appropriation. Part of the agent's role relates to implementation or

enforcement of the basic allocative goal. Here, the nature of that

role is considered to have an important bearing on the choice of com-

pensation.

The general theoretical framework wil"l now be described, followed

by development of specific·theory and hypotheses. Figure 2 depicts

the hypothesized agency cost tradeoffs lin the style of Roumasset and

Uy, 1980). Line S represents cost of supervision of agents by

principals and of principals by agents. The line passes through the

origin of the diagrams and has slope of 45°, since quantity of super-

vision is measured in monetary terms. Curve C represents total value

losses of agricultural productivity (relative to a first-best-world)



MEB

Cost

EB
/ A + S

/
/ S

/

"/
,/

"""/

C

level of supervision

32

Adapted from Roumasset and Uy (1980)

Figure 2. Agency Costs



33

due to water being overdistributed to the head of the system relative

to the tail. Here, these losses include not only those due to agent

shirking, but also those due to principal shirking. The slope and shape

of the curve C reflect the assumption of diminishing marginal returns

to supervision. Distance A represents the costs of administering agent

compensation.

Total agency cost ("excess burden") is represented by curve ES,

formed by vertical addition of S, C, and A. The optimal level of super

vision (assuming efficient expenditures on S and A) is given by So'

with corresponding minimum excess burden MES. The relative positions

of the C and A curves for exemptions as compared with fees will deter

mine their respective MESs and hence choice between each type of com

pensation. For example, if distance A is greater for fees than

exemptions, fees will become the optimal choice if the associated C

curve is sufficiently low relative to that of exemptions to outweigh

the disadvantage of greater A.

Assuming agents have positive marginal utility of income, and

abstracting from risk aversion, I argue that agent compensation by

exemptions would not direct performance to the desired goal of "reason

able" crop yields for all users in the same way that fees would, even

if an equivalent salary could be raised by the exemption method.

Exemptions are brought by a relatively small proportion of users. The

buyers mayor may not have land at the tail of the system, and (almost

certainly) most tail users (and most head users) would not be buyers.

While exemptions do provide incentive for leaders to attempt to ensure

that water reaches selected destinations--where leaders or buyers have

land--they do not provide incentive for leaders to direct efforts to
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ensure that sufficient water reaches other users' land in the system.

Higher value-of-output losses due to maldistribution of water (between

head and tail of the system) are expected to occur under exemptions

than under fees, ceteris paribus. 4

If, as has been argued here, fees have a compar~tive advantage

over exemptions with respect to their incentive effects, this means

that less supervision would be necessary to obtain the same output.

In terms of the diagram, the C curve under fees would be lower relative

to that under exemptions.

However, there must be some disadvantage to exclusive use of fees-

otherwise tax exemptions would not be observed. A reason I offer for

relative cost disadvantage of fees is the greater administrative

difficulty involved. Elaboration of this now follows.

Exemptions gained their value through being retained by the (land

holding) agent, being given away, or being sold. Sale would involve

not more than 15 (but typically much fewer) transactions between a given

seller (agent) and a buyer (regular water user). A payment at the

agreed-on rate would be made in cash or kind. The total number of

transactions involved would be considerably less than the number of

system or tail users.

Fees, however, involve tit least as many transactions as the number

of users involved. They involve keeping records of user water shares,

land areas, or number of liable persons (which exemptions may not

involve). Further calculations and transactions are necessary where

assistants divide a proportion of the collection between themselves

and leaders, as is the usual case. At the same time, the field data
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indicated that the amount paid in cash or kind for an exemption was

generally considerably (4 to 5 times) higher than the amount paid as

fees on the same "tax" base. Thus, exemptions involve a smaller number

of higher-value and less complex transactions in comparison with fees,

making them relatively less costly to use. In terms of the diagram,

distance A is shorter under exemptions than under fees.

The next step is to use this theoretical framework to predict

choice of type of compensation under various empirical circumstances.

The six circumstances listed in section 2.3 will be dealt with in that

order.

(1) Water scarcity

If water scarcity (as measured by the shaded triangle in Figure 1)

does not exist or is very low, the potential for productivity losses

due to head-tail ma1distribution of water (abstracting from artificial

scarcity created by withholding on the part of head users) is absent

or very low. In this circumstance, exemption compensation is considered

likely to have a relative advantage dUL to reduction of shirking costs

under fees being outweighed by increase in administrative costs.

As water scarcity increases, the potential for productivity losses

increases. Head user incentive to overappropriate or steal water would

increase because the value of marginal product of water to them has

increased. The pressure on agents to misappropriate water could

increase, and a given amount of shirking by either party would result

in greater productivity losses than under low water scarcity. For these

reasons, exemptions are considered likely to become less viable relative

to fees as water scarcity increases. The higher administrative costs
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associated with fees would be outweighed by the reduced agent shirking

afforded by the increasedincentive to distribute water to the tail.

The reasoning is illustrated in Figure 3. Diagrams 3a and 3b show

that for low water scarcity, exemptions are optimal because the reduced

shirking under fees is not sufficient to overcome the higher administra

tive cost disadvantage. Diagrams 3c and 3d show that for high water

scarcity, the reduced shirking under fees relative to exemptions is

low enough to outweigh the increased administrative cost. Fees are

the optimal choice. Hence,

Hypothesis 1

The greater the scarcity of water, the greater the probability

that an irrigation system will compensate its agents by fees rather

than exemptions.

(2) Head-tail user distance

If the distance between the land of the first head user and the

last tail user is short, the overappropriation problem is expected to

be less severe. Tail users can more e~sily monitor head-user appropri

ation as well as agent behavior. Shirking losses might be low enough

to make exemption compensation viable. As distance increases, the cost

of monitoring water appropriation at the head by tail users increases

(due to time spent in travelling, for example). The potential for

losses imposed by head user and agent shirking increases relative to

short distance. Exemptions are considered likely to become less viable

relative to fees. The diagrams of Figure 3 apply. Hence,
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Case 1: Agency costs with low water scarcity
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Hypothesis 2

The greater the head-tail distance between uses, the greater

the probability that an irrigation system will compensate its agents

by fees rather than exemptions.

(3) Number of Users

A large number of tail users would increase the incentive for any

one tail user to shirk, each expecting that his own contribution to

monitoring would make no difference to the outcome. Such shirking would

increase losses due to a greater amount of undetected misappropriation

by head users and agents. A larger number of head users would mean

greater losses due to undetected misappropriation, for a given level

of agent effort. Either or both of these circumstances mean higher

agency costs. Exemptions are considered likely to become less viable

relative to fees. Hence,

Hypothesis 3

The greater the number of uses, the greater the probability

that an irrigation system will compensate its agents by fees rather

than exemptions.

(4) Head-user costsharing benefit

To the exten~ that each head user perceives a larger (smaller)

penalty in the fOlm of possible future withdrawal of tail-user con

tributions to system construction and maintenance (due to insufficient

receipt of water), the incentive for overappropriation is reduced

(increased). A given amount of agent effort would result in smaller

(greater) shirking losses. The diagrams of Figure 3 apply. Hence,
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Hypothesis 4

The smaller the head-user costsharing benefit, the greater

the probability that an irrigation system will compensate its agents

by fees rather than exemptions.

(5) Social fragmentation

If head users, tail users, and agents are long-term members of

the same community with frequent social interactions, a strong disin

centive for shirking, in the form of high social penalty (such as loss

of reputation) for detection is more likely to exist than where these

conditions do not hold. The diagrams of Figure 3 apply. Hence,

Hypothesis 5

The higher the social fragmentation, the greater the

probability that an irrigation system will compensate its agents by

fees rather than ex~mptions.

(6) Head- versus tail-user voting power

Despite the fact that head users may have agreed in principle on

the distribution of water to tail users and on the use of agents to

help achieve that end (with, for example, the "carrot" of costsharing

benefits in mind), they may nevertheless opt for weak enforcement of

water rationing (enforcement being the "stick," in the presence of some

degree of water scarcity), to the extent that they have greater

political bargaining power. (Leaders and therefore presumably the

exemption-fee choice are generally selected by simple majority vote

of all users.) For example, in a situation where fees would be optimal,

the choice would be exemptions with higher total agency costs. Weak

------ ------------------ ----
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enforcement might also be an indication of the monopolization problem.

Hence,

Hypothesis 6

In the presence of some degree of water scarcity, systems

where head users have greater political bargaining power than tail

users will not prefer exemption compensation of leaders to fees.

Rejection of this hypothesis would suggest inefficiency relative

to a second-best world without such "political failure."

Hypotheses 1 through 6 have the same dependent variable, Y, so

can be combined in one equation as

Y = f(WS, L, U, HB, SF, POL)

where Y = dummy variable; 0 if exemptions are used, 1 if fees are
used

WS = water scarcity measure

L = head-tail distance between users

U = number of users

HB head-user benefits

SF = social fragmentation

POL = political dominance of head users.

The claim is that the choice of agent compensation, Y, can be explained

as a collective response to circumstances WS, ... , POL that are

expected to affect total agency costs in the principal-agent relation-

ship between irrigation system users and their committee. The expected

signs of the partial derivatives are as follows:

aY/aWS>O, aY/aL>O, aY/aU>O, aY/aHB<O, aY/aSF>O, and aY/aPOL>O.

The meanings of the positive derivatives are that as water scarcity

(WS), head-tail distance between users (L), number of users (U), and
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social fragmentation (SF) increase, fees more likely to be observed

than exemptions, to counter the agency-cost increase associated with

overappropriation of water at the head of the system that these factors

would otherwise cause. The meaning of the negative derivative is that

as costsharing benefits to head users (HB) decrease, material incentives

positively related to productivity at the tail will increase to counter

the agency-cost increase that would otherwise occur. The meaning of

the positive-or-zero derivative is that as political power of head

users relative to tail users (POL) increases, material incentives

positively related to tail productivity will not decrease: Decrease

could mean that head users were opting for weak enforcement in the

matter of tail-user water rights.

At this point, the conditionality of the model warrants some

discussion. In the development of most of hypotheses 1 through 6,

possible qualifications to the significance of the explanatory variables

were not mentioned. However, implicit in hypotheses 2 through 6 is

the assumption of some degree of water scarcity. The theory as

currently formulated does not have anything to say about why compensa

tion as specified in those hypotheses might be observed if there is

no water scarcity. Hence, testing the model on a subset of the original

sample, excluding systems without some deqree of scarcity, is expected

to give better results.

Moreover, with a low degree of social fragmentation, relatively

stronger social ties between users might weaken the effects of the

other explanatory variables. That is, the magnitudes of their co

efficients might be smaller than in the case of greater social

-----------------~--~----- ~
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fragmentation. This suggests subdividing the sample into two sets,

based on lower and greater social fragmentation, and testing the model

on each set.

Results for the whole sample and for these sample subsets will

be compared.

2.5 Practical Constraints Theory of Compensation

This section presents a second theory for the existence of two

types of agent compensation in Northern Thai communal irrigation

systems. The theory derived from my reflections on statements in Tan

kim-yong (1983), on unsolicited comments made by two irrigation system

leaders, and on possible overemphasis accorded by the principal-agent

theory to the potential for increased misappropriation of water under

exemptions as against fees.

Concerning the observation that in the larger system she studied,

the irrigation leader(s) were paid in cash or kind by users (in addition

to receiving exemptions), while in the smaller system only exemptions

were used, Tan-kim-yong gives the explanation that "when the leaders

work more, they get more." Whil e thi s argument can be used to exp1ai n

differences in pay rates, it cannot explain differences in type of pay.

Why weren't leaders paid their higher dues simply by increasing their

number of exemptions? The higher pay rates could have been earned

through sale of these exemptions.

One answer, not considered by the principal-agent theory, is that

practical constraints may limit exclusive reliance on exemptions. If,

for example, seasonal construction and maintenance work per user were

very low, the selling price of an exemption could also be very lowo
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Pay based on a large number of exemptions would provide only a small

income. Again, if the number of exemptions given (and sold) was large

relative to the total number of users in a system, the increased con

struction and maintenance workload shared by remaining users could be

subject to diseconomies of small numbers and greatly lengthen the time

taken by the users (and the leaders who supervise their work) to com

plete the work. The latter is more likely to be a constraint in systems

with a small number of users. If such constraints are relevant, agent

remuneration in cash or kind may be used to supplement or even replace

remuneration through exemptions.

The "constraint theory" would predict that in small systems, as

agent workload increased, so would the probability of fee payment.

One partial proxy measure of agent workload is the average number of

mandays per season per user spent on weir and canal work, which will

be referred to as MDU. (Note that the assumption made under the

principal-agent theory--that leader compensation is for water distribu

tion tasks only--is now being relaxed.) Anoth~~ partial proxy measure

of agent workload is WS, which relates specifically to water distribu

tion. Under this theory, the other explanatory variables L through

POL would be significant only to the extent that they relate to higher

agent workload.

In both small and large systems, small MDU may mean fees are used

if WS is high. But in large systems with large MDU the constraint

should not be so relevant. The impact of MDU on the choice between

exemptions and fees might not be significant in such systems. (In fact,

probability of fees could be associated with higher values of MDU,)
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These considerations suggest testing a second model with explan

atory variables W5 and MDU. The coefficients of WS and MDU should be

positive, if the number of villages is small. If the number of

villages is large, WS is expected to be the only significant explanatory

variable, with a positive coefficient. To the extent that L through

POL were not correlated with agent workload, they would be insignificant

if added as explanatory variables.

Finally, a comment on the relationship of the two theories is

warranted. The constraint theory outlined above has abstracted from

the consideration of principal-agent costs. If the scope for increased

misappropriation of water under exemptions as against fees (with

exemptions) of equivalent amounts is negligible, then the prinr.ipal

agent theory must be abandoned in favor of the constraint theory. But

if the scope for increased misappropriation is not negligible, then

the principal-agent theory may be retained and can be used to comple

ment the constraint theory. That is, the theories can be combined to

form a single, more complete thoery--though using the same proxy for

water scarcity and for agent workload with respect to water distribution

means that the separate theories cannot be distinguis~ed to that aspect.

The explanatory powers of the two theories and their combination will

all be compared.

The next chapter describes the sample drawn to test these

hypotheses. Chapter IV then defines empirical measures of the variables

just described, outlines a method for testing the hypotheses, and

presents results.
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CHAPTER II--NOTES

lSee Arrow (1985), for example. Jensen (1983) separates the
principal-agent literature into two strands--"principa1-agent 1itera
ature" and "positive agency 1iterature"--the first being more abstract
and normative in orientation than the second.

2For examples of systems without agents, see de los Reyes, 1980.

31nformation on the aspect of price reduction was obtained from
only a few systems, but other systems are assumed to be similar. The
limited evidence available also suggests that exemptions bought with
cash (rather than rice) may be paid for at the beginning of the season,
but generally at a lower price than if paid for at the end of the
season. It is not clear whether cash refunds would still be made if
yields were low, in such cases.

40f the 32 systems here categorized as compensating agents with
fees, 12 also compensated agents with a specific number of exemptions.
Any excess esemptions could be sold. However, as mentioned earlier,
the income.from selling such exemptions was generally small compared
with that from fees. I therefore consider the incentive effects of
exemptions with fees to be similar to the incentive effects of fees
alone.



CHAPTER III

SAMPLE AND CONTEXT

This chapter provides further information about the sample,

including the study area and sampling strategy.

3.1 Choice of Area, Survey Sample

The Ping River Basin was chosen as the study area, for reasons

of greater ease and security of conducting research, compared to the

other basins. Lists dating from the 1960s, of communal irrigation

systems in Chiang Mai and Lamphun provinces (and in the basin) were

obtained from the Royal Irrigation Department office in Chiang Mai

city. Although somewhat out of date, they were the best available

source of system names, locations, and cultivated areas. The total

number of systems was approximately 2,000.

Size classes (in terms of cultivated area) were arbitrarily

devised as follows: 0 to 300; 300 to 1,650; 1,650 to 3,000; 3,000

to 6,000; 6,000 or more rai. A sample of one hundred systems seemed

feasible given the research period time constraint and adequate for

most statistical purposes. Inspection of the RID lists revealed that

only about fifty systems were above 3,000 rai in size. Two sampling

strategies were considered--random and purposive. A typical random

sample of one hundred from the population 0f 2,000 would have contained

between two and three systems (5% of 50) over 3,000 rai in size. The

range of variation in at least some independent variables (such as
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number of users and head-tail user distance) of systems studied would

definitely have been much lower, reducing the scope for empirical

testing of the hypotheses that had been developed. This could well

have been true .of other variables too. Purposive sampling was judged

to be more appropriate under these circumstances. Hence it was decided

to study all fifty of the systems above 3,000 rai and divide the

remaining sample equally among the three smallest size classes.

Purposive sampling was also used to choose between system loca

tions, and for the same reason--to increase the scope for sample

system variation. It was considered desirable to obtain a wide

geographic coverage of the basin, so systems of the remaining size

ranges were selected to include one (the first on the list in the size

class of interest) or two {the second on the list in the size class

of interest)systems from the most accessible districts of Chiang Mai

Province. It is not clear what kinds of biases such selection pro

cedures might have introduced into the sample. The area covered was

roughly between 100 km north, 100 km south, 30 km east, and 20 km west,

of Chiang Mai city (see Map 2, Chapter I).

In practice, this procedure was modified to the extent that

systems no longer existed or were located in areas difficult to reach

(due to bad roads, for example). More accessible systems of similar

size were substitutes, if possible. There were often considerable

differences between listed sizes of systems and survey figures. In

some cases, system areas were smaller than listed, because of urbaniza

tion. In other cases, systems were larger, due to expansion of cul

tivated areas. It may be that some systems in the larger size range
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(above 3,000 rai) were not studied, because they were not listed

appropriately. (Also, one large system of more than 10,000 rai was

not studied because of the research time constraint.) Figure 4 shows

the frequency distribution of the sizes of the systems studied.

It should be mentioned that eight systems studied are also sub-

systems of larger systems: seven of these belong to the large system

over 10,000 rai that was not studied as a system, while the remaining

one belongs to a different system. Because their internal management

is independent of other subsystems, it is legitimate to treat them

as separate systems.

In each system, leaders and/or assistants were interviewed in

Northern or Central Thai languages. Accurate maps of systems were

unavailable: those interviewed were asked to prepare rough maps of

the canal systems and field locations, including estimates of relevant

distances. There was considerable variation in the degree to which

written records of areas irrigated and land tenure status were kept .
.

In many cases, these were estimated by those interviewed. The inter-

views were the basic source of information. In a few cases, further

information was obtained from district officials, RID officers, and

previous studies or their authors.

3.2 Context and Sample Description

By the end of 1985, the population of Thailand was approximately

52 million people. Of an estimated labor force of 26.5 million (in

1984), 17.5 million people (66%) were employed in agriculture, which

is the largest sector, contributing 20 percent to national Gross

----------------------- ------
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Domestic Product (GOP) and almost 60 percent to value of exports

(Quarterly Economic Review of Thailand, Burma, Annual Supplement 19P5).

Rice is the dominant contributor to the agricultural component

of nationa1 GDP (as well as to the regional GDPs of Central, Northeast,

and Northern Thailand) and to the value of exports. About 60 percent

of the total cultivated area of the country is in rice. the proportion

being higher (66%) in Northern Thailand. Most irrigated land is rice

land. From 12.5 to 17 percent of the total cultivated area is

irrigated, as compared with 20 to 25 percent for Northern Thailand.

For 1975-76, the average cash income per farm household in Norther

Thailand was about 14,000 Baht (20 Baht = US $1), of which about 3,500

Baht (25%) came from rice sales (Agric. Stats. of Thailand Crop Year

1977/78; 1983 Intercensal Survey of Agric.).

For the years 1982-83. average rice yields for the country were

273 kg/rai of planted area. compared to 321 kg/rai for Northern

Thailand. which had the highest regional yields. The 2,000 or so

communal irrigation systems in the Chiang Mai-Lamphun Basin contribute

substantially to the relatively high agricultural productivity of

Chiang Mai and Lamphun provinces, which for the same time period had

average rice yields of 449 kg/rai and 500 kg/rai, respectively (Stat.

Yearbook of Thailand 1981-84). According to information from this

survey, the average wet-season rice yields (total production divided

by total planted area) of the study sample of 100 systems was approxi

mately 600 kg/rai, the range being 200 to 800 kg/rai. Yields of 200

kg/rai, 600 kg/rai. and 800 kg/rai, are low, above average, and high

by world standards. respectively (see Agric. Stats. of Thailand Crop

--- ---------------------
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Year 1977178). The wet-season cultivated area of the study sample

was more than 200,000 rai, or about one third of the area covered by

the 2,000 communal irrigation systems in the Basin. System sizes of

the sample ranged from 48.5 to 10,500 rai.

In 1975, average farm size in the IIChaing Mai Valley" (which covers

all but the extreme northern and southern districts of this study)

was estimated at 8.8 rai (Gypmantasiri et al., 1980). The same study

estimated average farm household size at 5.5 people. The average farm

size for the study sample (in 1985) was 6.8 rai, with system averages

ranging from 3.2 to 15 rai. Within systems, farm sizes ranged from

0.375 to 78 rai, but in about 95 percent of systems the range was 1

to 30 rai. Farm household sizes were not recorded.

In 1979, 23 percent of the farmers in the Chiang Mai Valley were

estimated to be pure tenants (as compared to full or part-owners).

The estimated proportion of pure tenants in the study sample (in 1985)

was 28 percent. Table 1 summarizes further information on the study

sample. (Also see Appendix A, for descriptive statistics of the sample

and various subsamp1es.) Additional information on farming in the

study area can be found in Gypmantasiri et a1. (1980). The next few

paragraphs discuss the cropping and historical and technical aspects

of the sample.

Tab1e 2 shows that crops were planted between one and three times

a year in the systems studied. During the rainy season, usually the

entire crop area was planted to rice: only three systems grew rice

with some other crop. During the dry and hot seasons, the most

frequently-grown crops (making at least some use of the irrigation

--------- ---------------------- --
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Table 2

Selected Characteristics of Study Sample

Average
Average Average (area-weighted)

Multiple System Pure Farm wet-season
Number of Cropping Size Tenancy Size rice yields
Systems Index* ( ..;'; \ Rate (rat ) (kg/rai)• _. I

19 1 1,966 18% 7.4 480

44 1+< 2 1,991 26% 6.6 590

24 2 1,821 28% 7.5 660

9 2+< 3 3,433 39% 6.8 580

4 3 4,025 41% 6.3 780

*Defined as (no. crop plantings per year) x (area per planting)/
total area.

system water) were soybean, garlic, peanuts, rice, onions, and tobacco.

About 20 percent of the systems grew at least some rice two or three

times a year. In addition, a little over 50 percent of the systems

had areas with fruit trees. These areas were generally 10 percent

or less of the rice crop area: four systems were exceptional in that

the area in fruit trees was comparable to or greater than the area

in rice. Information from two systems was incomplete, but in the

remaining systems, farmers with fruit trees (who also mostly farmed

ricefields) used water from the canals only occasionally in the dry

season. Generally, they could help themselves to water, helped with

canal dredging only in the dry season (if they were not rice farmers),

and had secondary rights to water vis-a-vis crop farmers. In a very
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few cases, fruit farmers paid small lump-sum amounts (one-time fee)

or seasonal fees for use of water. Because of their secondary rights

and limited use made of the irrigation systems, fruit farmers were

not counted (except as rice farmers) as system users. A few systems

had secondary-rights rice farmers, entitled to use of any left-over

water. These farmers had no obligations to help maintain the system

and were not considered regular users by the others: this study also

disregarded such users.

With respect to regulation of crops planted, only about five cases

were recorded of planting (of rice) being at least partially forbidden

in a selected season, due to concern that other users would thereby

be shortchanged of water. Staggered planting of rice occurred in some

systems, though apparently was not formally regulated. Generally,

farmers had land in only head or tail (not both) portions of systems.

On the historical side, in more than one half of the sample

systems, the founder was unknown and system age, probably a guess,

ranged from 50 to 500 years. In about ten systems, a traditional ruler

or aristocrat was indicated as the system founder, with system age

ranging from 70 to 200 years. About half of the remaining 35 or so

systems had a local administrator (such as district officer, subdistrict

officer, or village headman), while the other half had a respected

or rich person, as founder. The age range of these systems was given

as 30 to 200 years. Founders generally had land in the systems.

Originally, the weirs of all except one or two systems were largely

made of bamboo and other wood. The major building inputs for systems

were farmer labor and local materials such as bamboo and wood.
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Only 17 of the systems studied still have bamboo weirs. The rest

are either concrete (more than 60 systems), stone, or stone combined

with concrete or wood (about 20 systems). Weir lengths vary from about

3 meters across streams to more than 100 meters across large rivers.

In nearly all systems, the change from bamboo to concrete or stone

occurred not more than 30 years ago, initiated by a local government

officer or leader (including the irrigation system leaders), and using

government budget. Costs were shared with farmers in about 15 cases.

Concrete head regulators or pipes installed at the heads of system

main canals by RID during the 1960s exist in nearly all systems. These

are described as functional in about 75 systems. In the remaining

systems they are described as either not serving any purpose, over

restricting water, or nonexistent.

In all systems, canals are mostly unlined. Main canals vary from

about 1 to 49 kilometers in length. Main, lateral, and sublatera1

canals may contain check weirs to raise water, as well as division

structures to divide and possibly also raise water. These weirs and

division structures are usually made of concrete, hardwood, bamboo,

or a mixture. The width of the structures can be varied, but once

in place, adjustments are generally made using wooden boards or mud

and other materials to block off or raise water. Farm turnouts may

consist of such structures, pipes through a canal bank, or simply cuts

in embankments. Figure 5 summarizes the main technical features of

the sample systems. The great majority of these systems were either

of type (1) in the figure, with the systems studied as a whole including



any subweirs and other structures such as those indicated by (2) in

the figure. A few systems were either of type (2), being subsystems

of a larger type (1).
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CHAPTER IV

HYPOTHESIS TESTING AND RESULTS

This chapter operationalizes the hypotheses developed in

Chapter II, models them, and presents the results of empirical testing.

4.1 Operationalization of Variables

Dependent variable, Y

In hypotheses 1 through 6, the dependent variable is choice of

agent compensation. The qualitative outcomes--fees and exemptions-

will be represented by a dummy variable taking the values of 1 and

o respectively, for each irrigation system in the sample.

Independent variables, X

(1) Water scarcity

Different economic measures of water scarcity can be identified.

First, the economic measure of marginal water scarcity is given by

the value of marginal product of water, represented by the height of

the head-user or tai l-user curve at any po int, in Figure 1. In

particular, the marginal value of water to head users at points between

E and E* is what creates the incentive to overappropriate at the head.

Second, an economic measure of total water scarcity is given by the

area of the sh~ded triangle in Figure 1: this measures the total

potential gain of restricting water appropriation at the system head

relative to the tail. Another measure of total water scarcity is

given by the area of the unshaded triangle directly below the shaded

triangle (and having the same base, EE*): this measures the total
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potential gain to head users, of not restricting their appropriation.

It is realistic to assume that these two (total) measures are roughly

proportional.

The theoretical measure of water scarcity that is relevant to

the purpose here is the area of the shaded triangle in Figure 1, since

this is what the "shirking losses" of the principal-agent theory relate

to. The problem is how to operationalize it. In Figure 1, the area

of the lower triangle is proportional to its base (EE*) multiplied

by its height (MBE). The total numbei of days (in the wet season)

where water is rotated between head and tail users of a system will

be used as a proxy for the EE*, which is the quantity of water liable

to be misappropriated to the head of the system. (This number is not

assumed to measure how well agents perform in practice.)

In principle, assuming efficient markets in land, MBE could be

measured as the sum of the differences in rental rates between lands

at the head with no shortfall of water and lands at the head with

shortfall EE*. (Such differences would be a function of land quality

and of the water shortfall.) In the absence of this information and

of a suitable proxy, this dimension of value of water scarcity is not

incorporated. That is, the water scarcity variable, WS, is operation

alized by the EE* proxy.

(2) Head-tail (H-T) distance

Most irrigation systems have several conceivable H-T distances.

Also, there is often a difference between H-T canal lengths and H-T

distance between (land of) users, the latter being smaller, because

land of the first users may be some distance down from the mouth of
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the canal. For the problem of H-T water access, distance between users

is taken to be the relevant one. This distance along the main canal,

from first user to last, measured in kilometers, is used as L.

In some systems, the main canal splits into two or more branches,

with no branch dominant in the sense of being referred to or thought

of as the main one. In such cases, the H-T distance from first user

(on the main canal) to last user on the longest branch, is used as L.

(3) Number of users

"User" refers to a household unit farming land that receives water

from the irrigation system, in the wet season. The number of users

is U.

(4) Costsharing benefit of head users

The aim is to construct a measure of average head-user benefit

from sharing system expenses with tail users.

All systems have a main weir. They can be categorized by

dominant type of construction material used as concrete, loose stone,

hardwood, and wood-bamboo. Generally, concrete weirs are more

permanent than loose stone or hardwood ones, which are more permanent

than wood-bamboo ones. A high degree of permanence means that only

minor or no repairs are required for many years. Labor input by users

for weir repairs, estimated as average number of man-days per year,

W, is used as a proxy measure of weir permanence. Generally, labor

is the major user input. Repairs paid for by the Thai government will

not be counted, since water users don't bear this cost.

All systems have a main canal, which can be regarded as permanent,

through usually requiring dredging every year. It can be considered
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part of main infrastructure that all users benefit from. Head users

benefit from the lower part of the canal to the extent that it serves

as a drainage outlet. The major input, user labor, estimated as

average number of man-days per wet season spent on canal cleaning and

dredging, C, is used as a proxy measure of main canal maintenance

costs.

The workload per head user, without costsharing (with tail users),

could roughly be considered as (W + C)/HU, where HU is the number of

head users, defined as the number of users farming land in the first

half of the distance L. With costsharing, the average workload for

head users is (WH + CH)/HU, where WH is the workload on main weir for

head users and CH is the workload on main canal for head users. The

difference between the two expressions,

HB = (W + C)/HU - (WH + CH)/HU, or (WT + CT)/HU,

will be used as an estimate of average head-user benefit from cost

sharing with tail users.

(5) Social fragmentation

Several measures of social fragmentation (SF) are possible. One

is the number of villages represented socially in the system. In the

absence of complete data on this aspect, the number of distinct

villagers by administrative boundary that contain land in the system,

VI, will be used as one proxy for SF.

Another aspect of SF is geographic mobility of members. In the

absence of some measure of the number of years that farmers tend to

stay in the system, the pure tenancy rate, TEN, considering only two

categories--pure tenants and others--will be used as a second crude
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indicator of SF. The assumption is that tenants are likely to be more

mobile between communities than are full- or part-owners of land.

(6) Political power

In the great majority (93%) of systems studied, leaders were

selected by simple majority voting with one vote per user. Leaders were

selected by informal consensus in two systems. In another two cases,

user votes were tied to number of water shares, with the great majority

of users having one vote and a few having none (in one system) or two

votes. Another system allowed only water users from the two villages at

the head to vote. In the remaining two systems, leaders were appointed

by subdistrict or district officers, with farmer approval.

Greater political bargaining power at the head, POL, will be

measured by dummy variables, using 1 if number of head votes was

greater than number of tail votes, and using 0 if tail votes was greater

than or equal to head votes or if informal consensus was used. For the

cases where leaders were appointed, this could still be used, under the

rationalization that users could use political voice if they wanted to.

4.2 Econometric Modelling

A linear regression or linear probability model is

y = S CaNST. + S ws + S L + S U + S HB +8 VI + 8 TEN +
o 1 2 3 4 5' 5"

8 POL + e
6

where the dependent variable Y takes values 1 or a (corresponding to

fees or exemptions), CaNST. is given the value 1, explanatory variables

WS through POL take values described above, and e is a random variable
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with mean value of O. Such limitation of the dependent-variable

values gives rise to the problems of non-normally-distributed and

heteroscedastic error terms, e. In particular, the first of these·

problems means violation of the assumptions on which standard statistical

tests about the estimated parameters are based. Logit and probit models

are commonly-used alternatives to the linea~ or linear probability

models that avoid these problems as well as enable meaningful predictions

of dependent-variable choice (Pindyck and Rubinfeld, 1981).

In a binary-choice (A,B) probit model, each individual or choice-

making unit is assumed to have a "critical value ll of the index

7
Z = L S·x. such that if Z > z* (Z 2 Z*), the individual will choose A

j=o J J

(B). These critical values are assumed to constitute a normally

distributed random variable, Z*. Hence, the probability of choosing

A, P(A), for a particular set of explanatory variables XO , ... X6,

is given by the cumulative normal probability function:

1 z 2 2
P(A) = P(z* 2 Z) = ;z;- 0 f_= exp[-(s-~) /20 ] ds

where ~ is the mean and 0 2 is the variance of the underlying

distribution.

The binary probit model will be used (with SHAZAM software) to

test hypotheses 1 through 6 that were developed from the theory in

Chapter II. The dependent variable is the probability P(A), that fees

will be chosen, where A is fee choice and B is exemption choice. This

means that P(B) = 1 - P(A) is the probability that exemptions will be

chosen. Dummy values of 1 and a operationalize fee and exemption
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choices, respectively, and the model generates an estimate of P(A) for

every system.

Maximum likelihood estimation is used to obtain estimates of the

coefficients Bj , which are related to the dependent variable as follows:

ap(A)/ax. =
J

where the right-hand-side expression is S. multiplied by the relevant
J

normal density function, which always takes positive values. The left-

hand-side expression ap(A)/aX j is the change in the probability that

fees will be chosen, associated with unit change in explanatory

variable Xj . As described in section 2.4, the expected signs of the

explanatory-var.iable coefficients are:

S >0, S > 0, S > 0, S < 0, S > 0, S > 0, and S > 0.
1 2 3 4 51 5 1 1 6 -

In order to test the "practical constraints" theory presented in

section 2.5 of Chapter II, another model adding the explanatory variable

MDU = (W + C)/U (where Wand C are the average numbers of man-days per

wet season, spent on weir and canal work respectively, and U is the

number of wet-season users) will be tested. Under the assumptions that

(i) WS and MDU are reasonable partial proxies of agent workload and

(ii) L through POL are not, then this theory would predict

Sl > 0, S2 through S6 = 0, S7 > ° (VI small)

Sl > 0, S2 through S6 = 0, S7 possibly insignificant (=0)

(VI 1arge),

where S7 is the coefficient of MDU.
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For ease of reference, Table 3 summarizes the operationalized

(wet-season) values of the dependent and all explanatory variables.

4.3 Results

The pairwise correlation coefficients between three explanatory

variables--L, U, and VI--were all above 0.5, and further work (pairwise

regressions and t-tests) revealed multicollinearity between these

variables. Because of this, the results under different combinations of

these three variables were compared, to test for effects on overall and

individual coefficient statistical significance (see Silberman and

Durden, 1976, for example).

Table 4 presents results of the model using variables WS through

POL on the full sample of 100 observations. The variable A is -2 times

the log likelihood ratio, and is distributed x2 with k degrees of

freedom (d.f.). It measures the overall significance of an equation.

The significance of the explanatory-variable coefficients is determined

by the usual likelihood ratio test.

Multicollinearity can be seen not to have had much effect--at least

on sign and significance consistency of the explanatory variable

coefficients. The significant explanatory variables at the 10 percent

level are WS and TEN, with coefficient signs as predicted. The failure

of the coefficient of POL to be significantly different from zero, at

the 10 percent level, means that the statements S6 > 0 and S6 < 0 can

be rejected in favor of the statement S6 = O. In particular, the lack

of support for S < 0 is evidence in favor of hypothesis 6: head users
6

are not using their political power (operationalized by voting



Variable
--

y

WS

L

U

HB

VI

TEN

POL

MDU

Table 3

List of Notation

Operationalization

o if exemptions chose, 1 if fees chosen

number of days system-wide rotation is used

distance in km along main canal from first to last user

number of users

(WT + CT)/HU, where WT and CT are number of man-days work by tail
users on main weir and canal, and HU is number of head users

number of villages (by administrative boundary)

number of pure-tenant users

1 if number of head votes exceeds number of tail votes, 0 otherwise

(W + C)/U, where Wand C are total number of man-days work on main
weir and canal, and U is number of users

en
01



Table 4

Probit Model of Principal-Agent Theory: Full Sample

Explanatory variable

Dependent A

variable CDNST. 115 L L HB VI TEN POL

-1. 2490 0.022187* -0.019535 0.000043 0.000080 0.028905 1.4384* 0.10031 14.2186*
= 0 if (7.302) (0.332) (0.002) (0.000) (0.288) (4.208) (0.116) (7 d.t.)

exemptions
-1.2571 0.021029* -0.000289 0.000094 0.034357 1.3741* 0.095083 13.8864*

(6.978) -- (0.156) (0.002) (0.420) (3.946) (0.104) (6 a.r.:
= 1 if fees -1.2510 0.022219* -0.01857/! 0.000087 0.030710 1.4349* 0.10039 14.2164*

(7.462) (0.486) (0.000) (0.704) (4.238) (0.116) (6 d.t.)

-1.1788 0.022120* -0.022737 0.000410 0.000008 1.4467* 0.098321 13.9303*
(7.138) (0.464) (0.418) (0.000) (4.296) (0.112) (6 d. f.)

-1. 2399 0.020115* 0.000024 0.017592 1.3767* 0.090707 13.7309*
(7.046) --- (0.000) (0.312) (3.970j (0.094) (5 d.f.)

-1.1719 0.020699* 0.000095 0.000010 1.3706* 0.091146 13.4652*
(6.698) (0.048) (0.000) (3.968) (0.098) (5 d.t.)

-1.1281 0.022522* -0.007010 0.000061 1.3878* 0.098260 13.5123*
(7.550) (0.094) (0.000) (4,Q42) (0.112) (5 a.r.:

Number of observatiors = 100

*Significant at 10%. Value in parentheses below each coefficient is the likelihood-ratio test statistic, distributed byX
2

with 1 d.f. The critical value is 2.706.

A is the likelihood-ratio test statistic, distributed X
2

with K d.f., where K is the number of explanatory variables excluding
XO. The critical values are 9.2364 (5 d.f.), 10.6446 (6 d.f.), and 12.0710 (7 d.f.).

C'l
C'l
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dominance to institute a "weaker" mode of payment than would other

wise be called for.

Table 5 presents results of the same model on a subset of 67

observations. The 33 excluded systems did not rotate water, so were

considered to be cases of water abundance. Comparison of the two tables

reveals that the results are similar, with some (expected) improvement

evidenced by higher i-statistics for WS and for overall significance.

However, there was no improvement in the significance of L through

TEN, against expectations that the relevance of these variables would

increase with water scarcity.

Tables 6 and 7 present results for systems with not more than

four villages (Table 6) and those with more than four villages (Table 7).

The number "4" was chosen because it was desired to divide the sample

into subsets large enough to avoid convergence problems in the probit

models. It was not possible to test the model on similar subsets of

the 67 "water-scarce" systems, due to convergence problems.

None of the equations in Table 6 are significant at the 10 percent

level, which can be interpreted as evidence in favor of the suggestion

that (presumed) stronger social ties weaken the effects of the

explanatory variables. The variable WS is significant as expected, in

most of the specifications. The variable L is significant in about half

of the specifications, but its coefficient is always negative, against

predictions. The fact that it is significant only when U is also

present is suggestive of multicollinearity problems, making the results

difficult to interpret.



Table 5

Probit Model of Principal-Agent Theory: "Water-Scarce" Systems

Explanatory variable

Dependent A+
variable CONST. WS L U HB VI TEN POL

- 1. 7454 0.029934* -0.012217 -0.000009 -0.000599 0.020793 1.9229* 0.36373 17.6369*
= 0 if (8.872) (0.082) (0.002) (0.040) (0.096) (2.948) (1.044 ) (7 d.f.)

exemptions
- 1. 7392 0.026768* -0.000206 -0.000610 0.023265 1.8865* 0.38082 17.7476*

(9.142) (0.056) (0.040) (0.122) (3.664) (1.032) (6 d.L)
= 1 if fees

-1.7451 0.029937* -0.012431 -0.000601 0.020367 1.9241* 0.36367 17.6366*
(8.900) (0.146) (0.036) (0.166) (4.030) ( 1.042) (6 d.f.)

-1.6981 0.030097* -0.013872 0.000230 -0.000679 1.9450* 0.3826j 17.7409*
(6.766) (0. Jt6) (0.092) (0.052) (4.088) (1.042) (6 d.f.)

- 1. 7262 0.028169* -0.000673 0.010334 1.9066* 0.37660 17.6697*
(9.736) (0.050) (0.070) (3.964) (1.016) (5 d.L)

- 1. 6843 0.02874\'* 0.000036 -0.000704 1.9097* 0.37901 17.6255*
(9.022) (0.006) (0.054) (3.992) (1.028) (5 d.L)

-1. 6643 0.029992* -0.004590 -0.000683 1.9ttO* 0.36461 17.6494*
(6.600) (0.030) (0.052) (4.006) (1.056) (5 a.r.)

Number of observations = 67

+
See footnotes to Table 4 for critical values.

O'l
CO



Table 6

Probit Model of Principal-Agent Theory: Few-Village Systems

Explanatory variable

~ A
Dependent

CONST. WS L U HB VI TEN POL
variable

-0.86920 0.023590 -0.23315* 0.003690 -0.000161 -0.030250 0.49706 0.25161 6.40298
= 0 if

I
(2.548) (3.898) (1. 984) (0.002) (0.020) (0.266) (0.250) (7 s.r.:

exemptions
-0.97446 0.017695 0.000204 -0.000239 -0.056623 0.30312 0.28720 4.50477

(2.130 (0.012) (0.008) (O.OBO) (0.104) (0.390) (6 d.L)
= 1 if fees I

-1.0941 0.031419* -0.11300 0.000150 0.075907 0.44416 0.46057 6.41938
(5.732) (1.926) (0.002) (0.152) (0.212) (0.932) (6 a.r.)

-0.92592 0.024304* -0.23495* 0.003560 -0.000160 0.50360 0.26800 8.38315
(2.752) (3.958) (2.116) (0.007.) «(I.~11()1 (0.294) (6 d.L)

-0.98899 0.01859* -0.000202 -0.044353 0.30478 0.30240 4.49205
(3.812) 10.006) (0.072) (0.106) (0.468) (5 d.L)

-1.0817 0.018414 -0.000076 -0.000234 0.30842 0.31583 4.42379
(2.354) (0.004) (0.008) (0.108) (0.490) (5 e.r.:

-0.94887 0.030146* -0.097091 0.000175 0.42170 0.42453 6.26608
(5.630 (1.846) (0.004) (0. ,96) (0.832) (5 s.r.:

Number of observations = 51 Number of villages < 4

0"
~



Table 7

Probit Model of Principal-Agent Theory: Many-Village Systems

Explanatory variable
IDependent -P"T.

A

variable HS L U HB VI TEN POL

-1.:1576 0.029216* -0.007666 -0.000062 0.009052 -0.031366 2.9022* 0.16004 11. 7264
= 0 if I (3.666) (0.036) (0.002) (0.940) (0.136) (5.400) (0.154) (7 a.r.)

exemptions
-1.3631 0.026147* -0.000201 0.009100 -0.027679 2.6619* 0.16099 11.6916*

= 1 if fees I
(4.044) (0.054) (0.952) (0.112) (5.402) (0.156) (6 d.f.)

-1. :i502 0.029318* -0.009090 0.008982 -0.034565 2.9094* 0.18043 11.7254*
(3.990) (0.086) (0.944) (0.324) (5.496) (0.156) (6 s.r.:

-1. fj 199 0.027821* -0.004239 -0.000352 0.009225 2.9216* 0.18011 11.5910*
(3.764) (0.966) ------- (5.488)(0.012) (0.190) (0.156) (6 d.t.)

-1.3261 0.027673* 0.008770 -0.041576 2.8600* 0.18354 11.6384*
(3.992) --- (0.906) (0.540) (5.408) (0.160) (5 d.f.)

-1.5122 0.027301* -0.000413 0.009235 2.8973* 0.18054 11. 5792*
(3.934) (0.482) (0.968) (5.572) (0.156) (5 a.r.)

-1.6169 0.027368* -0.015761 0.009684 3.0246* 0.18524 11.4029*
(3.686) (0.304) (0.868) (6.156) (0.164) (5 d.f.)

Number of observations = 49 Number of vi 11ages> 4

-...J
o
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The somewhat improved results for Table 7 are similar to those for

the whole sample, except that the signs of the coefficients of U and

VI are negative, but still insignificant. While WS was expected to be

possibly the strongest explanatory variable, the strength of TEN (in

Tables 4, 0, and 7) relative to L, U, and VI is surprising. It may be

that tenancy varies positively with some other variable that agent

compensation is causally related to. Table 2 shows that higher tenancy

. rates are often associated with more intensive cropping, which in turn

suggests good land, water, and sufficient market inducement to produce.

These factors would be reflected in land rental rates. That is, higher

tenancy rates might be positively associated with MB E, the dimensiun of

value of water scarcity that was not incorporated in the proxy for WS.

Again, from consideration of the locations of more highly tenanted

systems, it appears that many such systems, which may vary from quite

small (a few hundred rai) to large (several thousand rai), are located

in more well-established areas closer to urban centers, compared with

other systems. This suggests easy access to pioduce and other markets.

To the extent that off-farm employment opportunities are greater, user

costs of monitoring the irrigation-system agents are also greater. l

A given outlay on monitoring would result in higher shirking losses,

but the increase is expected to be higher under exemption compensation

than under fees. Hence, fees could be the optimal choice.

In all specifications (Tables 4 through 7), the sign of the

coefficient of L was negative, though usually irrelevantly so, because

of insignificance. Yet for the whole sample and the various subsets,

the simple correlation between the dependent variable and L was
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positive. The sign reversal indicates some interactive effect with one

or more explanatory variables.

Concerning the insignificance of VI, the fact that dividing the

sample into two '(VI 2. 4, VI > 4) affects the overall significance of the

model and to a lesser extent the signif"icance of the explanatory

variable WS, suggests that VI is important but has been incorrectly

specified. However, a priori it is not clear what specifications might

work better.

Table 8 presents results of testing the practical constraints

theory using WS and MDU as explanatory variables. The variable MDU is

significant when the number of villages is small, but negative and

insignificant when the number of villages is large. This supports the

argument in section 2.5 of Chapter II: when the number of villages is

small and user and leader workloads are substantial, paying the leaders

in terms of exemptions could lead to problems by greatly increasing the

workload for remaining users and the leaders who supervise them.

The variable WS has a positive coefficient as expected, but is

insignificant when the number of villages is small. Under the con

straint theory, it is not clear why this should happen. However, under

the principal-agent theory, it could be argued that stronger social

ties (proxied by fewer villages) dilute principal-agent divergence of

interests that would otherwise call for a response to increased shirking

with higher water scarcity.

Tables 9 and 10 present results of further specifications for the

practical constraints theory, adding selected combinations of variables

L through POL, for systems with a respectively smaller and larger



Table 8

Probit Model of Constraint Theory

Dependent Explanatory variable

variable A+
CONST. HS MDU

= 0 if -1.3417 0.013428 0.060217* 8.3335*
exemptions (1. 468) (4.740) (2 d.f .)

= 1 if fees Number of observations = 51

Number of villages> 4
-

-0.44835 0.024919* -0.010754 5.3310*
(4.726) (0.518) (2 d.f.)

Number of observations = 49

Number of villages> 4

+Critical value is 4.605 ( 2 d.f.)

-...J
W



Table 9

Probit Model of Combined Theories: Few-Village Systems

Explanatory variable
A+

Dependent
variab Ie CONST. WS l U HB VI TEN POL MDU

o if -2.4308 0.050500* -0.36322* 0.002536 -0.024970* 0.18035 1.4794 0.57763 0.18213* 18.5433*
exemptions (3.5736) (5.050) (0.630) (3.448) (0.484) (1.585) (0.794) (10.140) (8 d.f.)

-l. 8749 0.0l7541 -0.020922* -0.031530 0.78307 0.2l721 0.14l79* 13.2312*

I if fees
( 1.606) (2.874) (0.032) (0.056) (0.180) (8.738) (6 d.f.)

-1. 9663 0.023518 -0.000965 -0.021109* 0.85488 0.32l75 0.14785* 13.4540*
(1.562) (0.256) (2.874) (0.644) (0.352) (9.030) (6 d.f.)

-2.0184 0.044483* -0.18499* -0.022868* 1. 2911 0.53863 0.16693' 16.6346*
(4.952) (3.636) (2.912) (1.324) (0.942) (10.566) (6 d.f.)

-1.6650 0.016470 -0.0603l7 0.74785 0.44446 0.072515* 10.3557*
(1.716) (0.126) (0.540) (0.666) (5.670) (5 a.r.)

-l. 6283 0.022591 -0.00114 0.63l70 0.55926 0.077916* 10.5813*
(1.620) (0.350) (0.632) (1.240) (6.164) (5 d.f.)

-1.6506 0.042566* -0.16767* 1.2383 0.77295 0.092732* 13.9222*
(4.912) (3.692) (1.272) (2.166) (7.660) (5 d.f.)

Number of observations = 51 Number of vill ages < 4

+Critical value is 13.362 (6 d.f.).

-....J
~



Table 10

Probit Model of Combined Theories: Many-Village Systems

Explanatory variable
Dependent A
variable

CONST. loiS L U HB VI TEN POL MDU

o if -1. 2891 0.029015* 0.002642 -0.000397 0.021076 -0.009703 2.4319* 0.29209 -0.028749 12.6758
exemptions (3.996) (0.004) (0.112) (1.856) (0.012) (3.272) (0.382) (0.948) (6 d.f.)

-1.2364 0.028400* 0.019488 -0.035343 2.4880* 0.28980 -0.026507 12.5172*
= I if fees (4.258) (1. 764) (0.396) (3.740) (0.376) (0.880) (6 d.f.)

-1. 3440 0.029057* -0.000435 0.021236 2.4551* 0.29190 -0.029007 12.6535*
(4.402) (0.532) (2.030) (3.492) (0.364) ( 1.074) (6 d.f.)

-1. 4863 0.027863* -0.012669 0.019540 2.6265* 0.29082 -0.026881 12.3073*
(3.930) (0.186) (1. 760) (4.188) (0.382) (0.906) (6 d.f.)

-1.1081 0.026212* -0.036731 2.7002* 0.019262 0.002625 10.7533*
(3.662) (0.420) (4.500) (0.002) (0.002) (5 d.f.)

-1. 2685 0.025418* -0.000316 2.7096* 0.010153 0.001916 10.6246*
(3.530) (0.290) (4.514) (0.000) (0.012) (5 d.f.)

-1.3623 0.025798* -0.013392 2.8282* 0.023270 0.002108 10.5485*
(3.368) (0.214) (4.966) (0.002) (0.014) (5 d.f.)

Number of observations = 49 Number of villages> 4

'.J
U1
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number of villages. Since the simple correlation coefficients between

HB and MDU were 0.42 (VI ~ 4) and 0.75 (VI> 4), suggesting multi

collinearity which was then confirmed, results excluding HB are also

presented.

For the small number of villages case, comparison of Tables 6 and

9 shows that MDU is a significant explanatory variable, whose inclusion

increases overall significance. It also increases the significance of

Land HB, though that of HB is apparently an artifact of multi

collinearity with MDU.

For the large number of village case, comparison of Tables 7 and

10 show that the inclusion of MDU has practically no effect on the

results. The pattern of significance of the variable TEN is not readily

explained under the constraints theory. But considering that the model

can accommodate both theories, the significance of TEN can still be

explained with reference to the agency theory: to the extent that higher

tenancy is a valid measure of greater social fragmentation, fragmenta

tion increases the probability of agents being compensated by fees as

against exemptions, because the gain in reduced shirking would outweigh

the additional administrative costs.

Apart from those already given, other possible reasons for the lack

of success of explanatory variables L, U, and HB are their incorrect

mathematical or theoretical specification, and their irrelevance. My

conjecture is that the narrowness of exclusive focus on (system-level)

leader compensation has something to do with the insignificance of these

variables. Compensation is only one part of the "package" or contract



It

The

77

affecting principal-agent shirking incentives and behavior. The sample

data show that as the number of villages (and thus, in general, the

number of users and the head-tail distance) increases, so do the number

of agents and the probability that the irrigation system committee will

consist of both system-level and area-level agents. Having area-level

agents (at the tail) could alleviate shirking described in hypothesis 3

(whereby each tail user would expect that his own contribution to

monitoring would make no difference to the outcome), for example,·by

facilitating communication (through agents) between tail and head

users. The implications of these and other organizational aspects on

leader roles and hence compensations was not formally examined.

At this point, a few comments may be in order concerning limita

tions of the field approach used. Direct questioning to gain leader,

assistant, or farmer opinions on reasons for certain practices, was done

to some extent, but not consistently. Where it was tried, it tended

to give helpful insights. For example, in one system, it was asked

why all users had direct access to water through canals or farm

ditches. The response was that it had always been done that way.

was then asked what would happen if some users had indirect access.

response was that there would be conflict in times of water scarcity,

and an example was given of the one spot that did have indirect access.

This kind of questioning on the use or non-use of fees, on the

conditions attached to their payment, and on the ease of monitoring

agent performance task by task, for e~ample, could provide insights to

modify, confirm, or suggest theory that could be developed for further

testing. However, ~gent compensation and more broadly, the general



78

problem of containment of agency costs, were not asked about in this

manner during the field study. Neither were the implications of

differences between agent and principal roles in the various irrigation

tasks entirely clear. Interviewees could also be asked whether or not

operationalization of variables--such as the ways used here to divide

the system into head and tail sections and to measure political power-

accorded with their ideas or not. The discussion might also be useful

in increasing understanding of interactive effects between potentially

multicollinear variables.

------------- -



CHAPTER IV--NOTE

lA limitation of the theory here ~s the failure to consider
such determinants of the opportunity costs of principal and agent
work on the irrigation system.

,-------------------
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CHAPTER V

SUMMARY AND CONCLUSIONS

The purpose of this study was to address an analytical deficiency

in the study of communal irrigation systems, by developing and testing

two theories of choice of leader compensation in these systems.

Previous studies had not focused on this aspect, chosen partly because

it was felt that leader compensation could have an important effect on

water distribution and hence on its productivity, and partly because it

was desired to test the applicability of an economic approach in the

form of a principal-agent theory. Since concern about water management

in communal irrigation systems implicitly relates to principal-agent

problems, the principal-agent theory was thought to be particularly

promising.

The thesis was that choice of leader compensation would be largely

explained in terms of either "agency cost " considerations relating to

the leader role in distributing water throughout the system or "more

work for more pay" subject to practical constra ints . A summary of

findings is followed by conclusions and suggestions for further research.

5.1 Summary of Findings

The principal-agent model was statistically significant at the

10 percent level for the full sample of 100 systems. Hypotheses 1 and

(using TEN) 5, that higher water scarcity and higher tenancy rates would

increase the probability of fee compensation, were supported by the

significance of the positive coefficients of WS and TEN in all
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specifications. Hypothesis 6, that greater political vote power of

head-of-system users would not be used to opt for II weaker ll (exemption)

measures to dts trtbute water to the tail, was supported by the

insignificant coefficent of POL for the full sample and all other sub

sets.

Hypotheses 2, 3, and (using VI) 5--that greater H-T distance

between users, greater number of users, and greater number of villages

would increase the probability of fee compensation--were not supported.

The coefficients of the three relevant variables were insignificant at

the 10 percent level. Hypothesis 4, that decrease in head-user cost

sharing benefits would increase the probability of fees, was not

supported, its coefficient having the wrong (positive) sign and being

insignificant.

The explanatory power of the model improved when restricted to a

subsample of 67 systems having at least some amount of system-wide

rotation of water. Inprovement was expected under the assumption that

rotation means greater water scarcity and hence increased relevance of

the other explanatory variables. However, the improvement was limited

to increased significance of WS and of the overall model.

When the number of villages in the systems was not more than

four, the explanatory power of the agency model was at its lowest: it

failed at the 10 percent si9nificance level. Coefficients of two

variab1es--WS (water scarcity) and L (head-tail user distance)--were

significant in about half of the specifications, though L had the wrong

(negative) sign and the pattern of its significance suggested multi

collinearity as the cause. However, lower explanatory power for a small

------ --------------- -------
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number of villages would be expected und~r the assumption that fewer

villages mean stronger social ties that might reduce the seriousness of

principal-agent problems and therefore the relevance of the model.

When the number of villages was more than four, the explanatory

power of the model improved, which was expected under the assumption that

more villages means weaker social ties. Nearly all specifications with

different combinations of the multicollinear variables had overall

significance at the 10 percent level. Hypotheses 1 (using TEN), 5,

and 6 were supported. The results were simiiar to those for the full

sample of 100 systems.

The second theory for the use of two types of agent compensation-

in terms of II more pay for more work ll subject to practical constraints

(having nothing to do with principal-agent considerations) on the

exclusive use of one type of pay--was examined using explanatory

variables WS and MDU. The variable MDU was defined to be the average

number of man-days work on canal and weir per wet season per user. It

had a significantly positive coefficient when the number of villages was

not more than four, but was insignificant with a greater number of

villages. These results support the argument that practical cons~raints

in terms of increased workload for users and leaders prevent exclusive

reliance on exemptions for leaders.

In the presence of MDU, the variable WS had the predicted positive

coefficient but was significant only for systems with more than four

villages. The principal-agent theory can explain the insignificance of

WS for systems with fewer villages, as due to stronger social ties

diluting the propensity "for shirking behavior. When the variables L

------ ------------
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through POL were included, the results amounted to a combination of

those with WS and MDU alone and WS through POL alone. As such, the

significance of the variables WS, TEN, and MDU can be explained with

reference to the principal-agent or the constraint theory as appropriate.

To the extent that the significance of TEN reflects principal-agent con

siderations not relevant to the constraint theory, and the significance

of MDU reflects constraint considerations not relevant to the principal

agent theory, a combination of the two theories has better explanatory

power than either one alone.

5.2 Conclu~i0ns

While the hypothes1s testing provided some support for each of the

two theories considered separately, their combination is better able

to explain the results obtained. This conclusion is based on the

significance and overall effects of two variables in particular--tenancy

rate and agent workload on main weir and canal. The significance of

tenancy is more readily explained with the principal-agency theory

(though perhaps as a measure of increased opportunity cost of monitor

ing rather than as a measure of social fragmentation), while that of

agent workload on main weir and canal is more readily explained by the

practical constraints theory. Under the principal-agent theory,

increased probability of fees as tenancy rates increase )s viewed as an

attempt to contain the increased shirking that would otherwise occur.

Under the constraint theory, increased probability of fees in small

systems with higher leader workload on main weir and canals is viewed

as a rational response to the necessity to pay higher wages, subject to
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practical constraints on payment by exemptions. Therefore, using both

(compatible) theories is an improvement.

The patterns of significance of the proxy for value of water

scarcity (and agent workload in water distribution) are consistent with

both theories. When the number of villages in a system was small (four

or less), increase in the value of the water scarcity variable was

positively though not always significantly related to increase in the

probability of fee compensation. The constraint theory cannot readily

explain this. But the principal-agent theory can explain it as due

to a reduced seriousness of principal-agent divergence of interests

and hence potential shirking behavior as social ties increase (assuming

smaller number of villages is a suitable proxy).

When the number of villages in a system was large (more than

four), increase in the same variable was always positively and signif

icantly related to increase in the probability of fees. Under the

constraint theory, this is explaned as a rational response to the

necessity to pay higher wages, subject to (possible) practical limit

ations to the exclusive use of payment by exemptions. Under the

principal-agent theory, it is explained as an attempt to contain the

greater incentives for shirking behavior by principals, agents, or

both.

In all cases, leader compensation with fees was more likely as

the proxy for political power at the head of systems increased, though

the relation was insignificant at the 10 percent level. This result

provides some support for the position that the public-choice mechanism

is not being used to impose a "weaker" type of leadership compensation
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(exemptions) that might adversely affect water distribution to tail

users. To the extent that the operational measure used here and the

result obtained are more widely valid, the policy implication is that

concerns expressed by Ongkingco (1973) and Bottra11 (1981), for example,

about water management in communal irrigation systems (which relates

to their economic efficiency) might not be warranted or if they are,

other aspects of the situation must be examined.

Had all the explanatory variables as operationa1ized been signifi

cant in the manner predicted by the principal-agent theory, it would

suggest that communal irrigation systems (at least in this sample)

were responsive to factors that affected shirking behavior, and devised

a way to contain it. That is, since the shirking in turn related to

va1ue-of-output losses due to maldistribution of water between head

and tail of the system, such results would lend support to (though

by no means establish) the view that the systems were eCQnomic~lly

efficient.

Again, the policy implication is that government action to "put

things right" in communal irrigation systems would not find support

from such results. Rather, substantiation of an "agency" or a "con

straint" theory would provide irrigation policymakers with a well

rationalized example to consider for advocation or adaption for use

in other situations where government involvement may be warranted--such

as in establishing new small-scale systems or in developing management

in large-scale government systems. However, at this point. further

empirical and theoretical work appear calied for.
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The failure of some explanatory variables--notably head-tail

distance between users, number of users, and number of villages--to

be significantly related to type of leader compensation does not

establish their irrelevance or that of principal-agent theorizing.

The lack of success may be the result of mathematical or theoretical

misspecification. In particular, I feel that the narrow focus on

leader compensation alone may be responsible. The implications of

other organizational aspects (such as the number of agents and the

scope of their responsibilities between area and system levels) for

agent and user incentives were not considered. It may be that the

explanatory variables relate more directly to these aspects, which

in turn relate to leader compensation. The irrigation organization

involves not just one contract between two persons, but several inter

active contracts--for example, between leader and users, between

area-level agents, between leader and area-level agents, and between

user and user. Consideration of some of this interaction might lead

to a better understanding of anyone contract.

Concerning the contribution of this study to the II new institutional

economics ll or more specifically, to the II nat ure of the agricultural

firm, II it may be noted that the hypotheses tested in this literature

depend on the phenomena of interest. Thus, for example, the hypotheses

developed by Sharma (1984) to test his principal-agent theory of land

tenure contract choice are not necessarily directly transferable to

the irrigation context. However, it may be noted that both types of

leader compensation in the communal irrigation systems studied-

exemptions and fees--resemble sharecropping rather than fixed wage
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or fixed rental contracts, because neither the leaders nor the

regular water users receive a fixed amount of the output. This supports

the views of Eswaran and Kotwal (1985) and Sharma (1984)5 for example,

that where principals(s) and agent(s) share supervision and management,

the output will also be shared, for incentive reasons.

I see w~ study as a contribution both empirically and theoretically.

Empirically, the study has provided a clearer picture of agent compen

sation in communal irrigation systems. Theoretically, it has developed

two theories (where oreviously none existed) to explain why more than one

kind of compensation is observed. There is some empirical support for

each of the theories, which are best viewed as starting points for

further investigations.

5.3 Suggestions for Further Research

Further field research to obtain a clearer factual basis on which

to theorize about reasons for differences in leader compensation is

suggested. Broadening the scope of the investigation to encompass other

features of the leader-user contract and interrelationship between this

and other contracts that constitute the irrigation organization may be

desirable. Elicitation of leader, assistant, and regular user view

points may be useful in this regard. But it is recommended that a

balance between theoretical and empirical work be aimed at, in order

to avoid reversion to the overly empirical approach of the past.

------ ------------------ --- -- -
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Appendix Table A.l

Descriptive Statistics for Full Sample (n = 100)

Standard
Variable Mean Deviation Minimum Maximum

Wet-season
area 2,155 rai 2,314 48.5 10,500

WS 11 days 19 0 105

L 5.8 km 6.6 0.5 49

U 311 farmers 335 7 1645

HB 22 man-days 64 0.4 603

VI 5.6 villages 4.5 23

TEN 28% tenancy 20 0 83

POL 0.35 0.48 0

MDU 8.8 man-days 10.2 0.7 63



Appendix Table A.2

Simple Correlation Coefficients for Full Sample (n = 10D)

Wet-season area 1.00

WS 0.33 1.00

L 0.73 0.39 1.00

U 0.92 0.36 0.77 1.00
HB 0.04 -0.00 0.02 0.04 1.00

VI 0.08 0.24 0.56 0.80 -0.01 1.00
TEN 0.02 0.10 0.12 0.02 -0.06 0.04 1.00
POL 0.00 -0.02 0.00 -0.02 -0.19 -0.00 0.04 1.00
MDU 0.29 0.14 0.18 0.22 . 0.36 0.21 -0.19 -0.07 1.00
y 0.13 0.31 0.12 0.13 -0.02 0.13 0.22 0.04 -0.07

Wet-season area WS L U HB VI TEN POL MDU

co
~
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Appendix Table A.3

Descriptive Statistics for Water-Scarce Systems (n = 67)

Standard
Variable Mean Deviation Minimum Maximum

Wet-season
area 2,356 rai 2,463 50 10,500

WS 17 days 21 3.5 105

L 6.2 km 7.3 0.5 49

U 346 farmers 376 12 1645

HB 23 man-days 75 0.4 603

VI 6 vi 11 ages 5 23

TEN 28% tenancy 19 0 74

POL 0.36 0.48 0

MDU 8.5 man-days 11 0.7 63



Appendix Table A.4

Simple Correlation Coefficients for "Water-Scarce" Systems (n = (7)

Wet-season area 1.00

WS 0.35 1.00

L 0.77 0.43 1.00

U 0.93 0.36 0.78 1.00

HB -0.00 -0.02 0.01 0.01 1.00

VI 0.81 0.24 0.60 0.81 -0.05 1.00
TEN 0.02 0.16 0.07 -0.00 -0.03 0.09 1.00

POL -0.01 -0.04 -0.05 -0.06 -0.18 -0.04 -0.0"1 1.00

MDU 0.18 0.20 0.18 0.17 0.31 0.16 -0.22 -0.01 1.00
y 0.16 0.43 0.18 0.15 -0.06 0.15 0.29 0.10 -0.05

Wet-season area WS L U HB VI TEN POL MDU

1.0
-'
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Appendix Table A.5

Descriptive Statistics for Systems with Four or Fewer Villages
(n = 51)

Standard
Variable Mean Deviation Minimum r.jaximum

Wet-season
area 892 rai 1168 48.5 7317

WS 9 days 21 0 105

L 3.6 km 4 0.5 22

U 140 farmers 179 7 1136

HB 26 man-days 86 0.5 602

VI 2.3 villages 1.3 4

TEN 26% tenancy 23 0 83

POL 0.33 0.48 0

MDU 7 man-days 7 0.7 27.5



Appendix Table A.6

Simple Correlation Coefficients for Systems With Not More Than Four Villages (n = 51)

Wet-season area 1.00

WS 0.55 1.00

L 0.80 0.47 1.00

U 0.97 0.61 0.81 1.00

HB 0.09 0.03 0.07 0.11 1.. 00

VI 0.50 0.22 0.47 0.53 0,13 1.00
TEN 0.03 0.02 0.09 0.01 -0.04 -0.02 1.00

POL 0.06 -0.07 0.07 0.06 -0.18 -0.13 0.21 1.00

MDU 0.22 0.32 0.17 0.29 0.42 0.15 -0.11 -0.08 1.00
y 0.13 0.29 0.01 0.19 -0.02 0.02 0.08 0.10 0.38

Wet-season area WS L U HB VI TEN POL MDU

U)

w



Appendix Table A.7

Descriptive Statistics for System with More Than Four Villages
(n = 49)

Standard
Variable Mean Deviation Minimum Maximum

Wet-season
area 3,469 rai 2,483 465 10,500

WS 13 days 17 0 60

L 8.2 km 7.9 1.5 49

U 489 famrers 366 71 1645

HB 18 man-days 23 0.4 104

VI 9 vi 11 ages 4 5 23

TEN 31% tenancy 17 0 67

POL 0.37 0.49 0

MDU 10 man-days 12 63

94



Appendix Table A.8

Simple Correlation Coefficients for Systems With More Than Four Villages (n = 49)

Wet-season area 1.00

WS 0.24 1.00
L 0.66 0.37 1.00
U 0.86 0.27 0.72 1.00
HB 0.26 -0.09 0.07 0.17 1.00
VI 0.73 0.31 0.49 0.78 0.10 1.00
TEN -0.13 0.19 0.10 -0.10 -0.12 -0.12 1.00
POL -0.06 0.04 -0.05 -0.09 -0.37 -0.02 -0.20 1.00
MDU 0.26 -0.01 0.12 0.13 0.75 0.17 -0.32 -0.09 1.00
Y -0.01 0.31 0.08 -0.03 0.03 -0.03 0.37 -0.03 -0.11

Wet-season area WS L U HB VI TEN POL MDU

1.0
01
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