WATER MARKET AND COORDINATION FAILURES:

THE CASE OF THE LIMARI VALLEY IN CHILE

By

Eduardo Zegarra

A dissertation submitted in partial fulfillment

of the requirements for the degree of

Doctor of Philosophy

Agricultural and Applied Economics

at the

UNIVERSISTY OF WISCONSIN-MADISON

2002




A Liliana Tadeo y Danilo, mi familia....

y a Maria Julia, mi madre.

Julio 2002



Acknowledgments

| would like to express my gratitude to the following persons and institutions:

To professor Michad Carter, my adviser, who was a permanent source of wisdom, motivation
and care for this dissertation and my whole graduate studies.

To professors Danid Bromley and William Provencher, who made a big difference in my own
understanding of my work and its implications.

To professors Bradford Barham and Karl Zimmerer, who devoted precious time to the
manuscript and help me out to clarify significant points.

To Barbara Forrest, who gave me permanent support as Academic Secretary of my
department.

To all the 195 farmers who took the time to answer my long survey in the Limari Valley and
to the representatives of the irrigation organizations who allowed me to carry out the fidd
work without major problems.

To the McArthur Foundation, that provided generous financial support for most of this
undertaking, including two years of PhD studies and part of the fidd work in Chile.

To the Social and Sciences Research Council, that gave crucial financial support for the fidd
work in Chile.

To Tinker Foundation, that financed thefirst steps for this dissertation.

To all my professors and fdlow students at the Department of Agricultural and Applied
Economics of the University of Wisconsin-Madison.



Table of Contents

Abstract

Chapter 1: Introduction

Chapter 2: Water allocation problems in the Economics L iterature

2.1. Special features of water

2.2. Water allocation as a coll ective action problem

2.3. Water subsidies andirrigation problems

2.4. Irrigation management and the “ syndrome of anarchy”

2.5. Local management of irrigation

2.6. Functioning d water markets and the formation o water prices

Chapter 3: TheLimari Valley: Irrigation Infrastructureand Water | nstitutions

Introduction
3.1. The Chilean Water Code
3.1. Some evidence about water markets in Chile
3.2. Evolution and current status of the water infrastructure in the Limari Valley
3.2.1. Evolution d water infrastructure
3.2.2. Current water infrastructure
3.2.2. Current water infrastructure
The Recoleta sub-system
The Cogdi Sub-system
The Paloma Sub-system
3.3. Water management and water institutions in the Paloma-Limari System

Chapter 4: TheLimari Valley: Crop structure and Water Market Operation

Introduction
4.1. Recent Changes and the Current Crop Structurein the Limari Valley
4.2. Describingfarmers, their production techndogies and accessto markets
4.2.1 Geographical distribution
4.2.2. Farmers features
4.2.3. Production assts
4.2.4. Irrigation assts and techniques
4.2.5. Differencesin Input use
4.2.6. Accessto credit and subsidies

Vi

10
11
14
18
20

25
25
29
30
31
35
36
36
37
38
40

48

48
49
50
52
53
54
55
57
59



4.3. The workings of the spot water market in the Limari Valley
4.3.1. Price behavior

4.3.2. Water market and transaction costs

4.3.3. Water market participation and farmers’ type

4.4, Main features of the water market in the Limari Valley:

moativating a micro-econamic analysis

4.4.1. Profitabili ty and sunk costs
4.4.2. Water price distribution and norconvexities
4.4.3. Water market, coordination fail ures and all ocation efficiency

Chapter 5: A Micro-economic Maodéd of Coordination Failures
and Water Market Dynamics

Introduction
5.1. Modd’s fundamentals
5.1.1. Thetime framework for decisions
5.1.2. Crop chaice, risk preferences and techndogy
5.2. Secondperiod gotimal decisions
5.3. Thefirst period decision problem
5.4. Comparing aggregate output and profits in alternative “worlds”
Modd A: autarchy in a perfect world
Modd B: autarchy in an imperfect world
Modd C: Tradein a perfect world
Modd D: Tradein an imperfect world
5.5. Simulation routine and results
Appendx 5.1: Net Water Supdy and Market dynamics smulation
Appendx 5.2: Indrect Profit function and thefirst period decision prablem

Chapter 6: Econometric estimations of Water Net Supply Functions

Introduction

6.1. Modding water market participation

6.2. Measuring unadbserved variable “sl”

6.3. Estimating an ardered probit modd of water market participation

6.4. Estimating water suppy and demand using censored regresson models
Appendx 6.1.; Limitations of the Econametrics

60
61
63
64

66

66
68
70

71

71
72
72
73
75
80
82
83
84
85
85
86
89
95

97

98
98
100
108
115
119



Chapter 7: Discussng alternatives for improving the dficacy
of the water market in the Limari Valley

Introduction
7.1. Technological innovations: drip irrigation
7.2. Reducing transaction costs:. introducing a water price information system
7.3. Institutional innovations: re-defining rules for reservoir management and
water rights
L ocation-specific water losses
Mobility of water endowments
Water saving
7.4. Concluding remarks

Bibliography

123

123
124
125

127
128
129
130
133

135



vi

Abstract

Despite the claim that water markets enhance agricultural performance, there is rdatively little
evidence on their actual operation. This thesis explores the operation d the spot water market
in the Limari Valley in Chile. Data were collected from this valley in 19961997, a period o
severe drought.  Escalating water prices, high price volatility and increasing market
uncertainty during this period led a significant proportion d Limari Valley producers to

guestion the value of water markets.

Beginning with a micro-theoretic modd, this thesis explores the hypothesis that water market
instability is a systematic feature of agriculture characterized by fixed cost investment and
permanent crops. In such a world, an investment coordination failure occurs as permanent
crops make water demand rigid, resulting in price volatility when water suppy shocks ocaur.
In the case of the Limari Valley, the modd implies that the investment in permanent crops that
fuded econamic development also rendered the water market less effective.  Econametric
estimates of water market participation corfirm the general outlines of the modd and gve

guantitative dimension to the range of prices over which the water market is rigid.



Chapter 1. Introduction

The ideas for this thesis were developed in three stages. In the first stage, previously to
writing my dissertation proposal, | was mainly interested in issues related to the debate about a
new water legislation in Per(l in the 19921994 mriod. Almost half of Peruvian agriculture is
irrigated, all the Coast region and part of the Andean region. A new water legislation was
considered a very important reform aff ecting the future of Peruvian agriculture.

At that time, the Peruvian gowernment wanted to change the 1969 Water Code introducing
legislation similar to the Chilean Water Code of 1981 The Chilean Code privatized water rights
and promoted the functioning d water markets for all ocating water among alternative uses both
inside agriculture and among dff erent sectors. It ended most of the State capacity for all ocating
and regulating the suppy of water resources.

With a Tinker Foundation schdarship for pre-dissrtators | visited Chile in 1994 to gather
information onthe Chilean Water Code and the functioning d agricultural water markets. |
found an ongang cebate about the problems with the «istent water legislation, mainly the
extreme accumulation o water rights by hydropower firms and the Code s inabili ty to cope with
the complex conflicts among agriculture, dectricity and mining sectors. Interms of agriculture
water markets themselves (i.e. water trade among farmers in irrigated areas), the evidence was
shawing that these markets were very thin o norexistent, except for specific areas in the drier
northern region.

| learned that of one of these areas, in which an agriculture water market was active, was the

Limari Valley in the IV Region (400 Km from Santiago), where one of the country’s largest



reservoirs (Paloma Reservair, with 700milli on m3) irrigates about 30,000Has. Farmerstraded
water both in permanent rights as wel as in seasonal quantities (rental market). The functioning
of this market was nat very wel known in Chile at that time, although a first study was darted
focusing onexchanges between agriculture and the urban sector.

| visited the Limari area and interviewed personrd in charge of the reservoir as wel as
representatives of the six irrigation aganizations. At that point they had a very pasitive opinion
on the operation d water markets (both rental and permanent). The water market became
increasingy active during the late 198Gs and especially in the 1991:1992dry period. Thevalley
had passed through a structural transformation since the mid 198Gs, with the increasing presence
of permanent crops (grapes) and agribusiness(pisco industry and agro-exports) inthearea. The
posdbility of using water markets for facing water allocation problems was % as a crucial
factor facilitating this gructural transformationwhich had made this vall ey a prosperous area.
At that point | was interested nd only in the water market itsdf but in thewhde institutional set
up in which water was managed in the Limari valley. My main idea was to contribute to the
discusdon ona new Water Code in Pertl (in which water markets are an important issue but nat
the main isaug) and | imagined a comparative study between an irrigated area in Peru with non
market institutions and the Limari valley operating with market institutions. With theseinsights
| started writing the dissertation proposal.

Thus, the second stage of the ideas for this thesis were developed around the dissertation
proposal. | intended to carry out a comparative study o water institutions looking at two
irrigated areas in Pertl and Chile. | researched onthe general literature onirrigation institutions
across many dfferent setups and environments. In this gage | broadened my aspirations

thinking that for a comparative study | needed an ample view on irrigation problems and water



institutions, locating the water market as ore ingtitutional option among dhers. Isaues of
efficiency, equity and sustainability were to be considered in the analysis, trying to find a
framework that makes the comparison meaningful and insightful for policy analysis.

Most of the dissertation proposal was written along these lines and it was defended in 1996 |
applied for financial support for the fidd work and gd partial support from Mac Arthur
Foundation and the Social Science Research Council (SSRC) for starting up my study in Chile
in 1997 | went to Chile in September-November of 1997 and \sited the Limari Valley in
November of that year. | found a very peculiar situation. The valley was passng through a
severe drought that was lasting almost threeyears. The water rental market had been very
active during the whde year but the week in which | visited it had almost coll apsed with prices
escalating to 15 times their maximum value in the last dry seasonin 1994 Farmers were under
a lot of stressand some of them complained that the rental market “was only working for rich
farmers’.  Many farmers, especially thase with permanent crops, feared total loss of their
plantations if they could nd buy (or dig) water as onas posshle (many wells were tried out
that year, with nd very goodresults).

With this intriguing situation in mind | had to travel to Lima and could na return to the Limari
Valley until April 1998to carry out my fidd survey. At that point the agricultural season hed
ended and it was raining copiously in the highlands of the Limari, so the three reservoirs
(Paloma works together with aher two smaller reservoirs) started to get filled up and farmers
were lessworried about locsing their plantations. However, they still had a lot of complains
about the way in which the water market had worked in the previous sason, especialy the

extreme prices and the lack of water supy when it was more neaded. This Stuation cortrasted



markedly with what | had found in my first visit in 1994 the market was nat working as
expected by most farmers.

At that point | also naiced that | would nd have financing support for carrying ait a similar
study in Peri so | had to focus my research on the Limari valley. With my adviser's
encouragement, | decided to focus my research onthe operation d the rental water market in
Limari in the face of an extremdy negative shock. | wondered haw this may limit the
advantages of water market ingtitutions, a situation that is also commonin aher imperfect rural
markets like labor and land.

Because of my previous plan, | did nd have yet a precise framework for analyzing all the
relevant issues on the rental water market. | designed my field survey to gather both production
and ingtitutional information and | had to redesign it to focus more on assts, production and
techndogical chaices which may influence participation in the water market. Although without
a totally clear econamic modd in mind, | gathered most of the variables which are generally
considered for market participation.

The third stage of the thesis is based onthe interaction which | had with my adviser, the data |
gathered and with a micro-econamic modd | started to build to analyze the water rental market.
The main motivation for working ait the modd was to assess analytically how does the
presence of permanent crops (a source of water demand rigidities) reduce the df ectiveness of
therental water market. Thebuilding d the modd was crucial to re-assssthe data and aganize
the econametric estimations of demand and suppy functions.

For the ampirical part | used two main strategies. The first was to simulate the operation d a
water market with the modd using the real distribution  the total water suppy in Limari

(which includes two important negative shocks as the onein 199597) and cali brated parameters.



The second strategy was to use eeonametric estimations of water market participation decisions
by farmers based on the micro-econamic data gathered in my field work. In both cases, the
intent was to consider how rigidities in the demand d water for individual farmers may aff ect
the workings of the rental water market, and hav this may hinder investment and econamic
development in thelongrun.

Ancather important part of this third stage was the final interaction with my thesis committee It
allowed me to identify important aspects of my work which | did na pay attention a even that |
did na considered before, especially in thinking alternatives to improve the workings of the
rental water market. This interaction was also extremdy useful to put together a work that was
finished almost four years after the gathering d the data and seven years after the first visit to
Chile,

The final result presented here is a study o a peculiar market that is a very valuable institution
for farmers, but that requires ecific policies both in the area of collective action and in the
design d more flexible rules, in arder to improve farmer’s well being in a sustainable way.
Water markets are far from being an extended institution for water allocations around the
world. However, it is likey that in the near future water markets play a bigger role even if it
does nat seam advisable to leave water to the sole forces of markets. It isin this context that
understanding hav a real water market operates is important, as a form to better inform and
support water reform. Having a coherent theoretical approach to it is crucially important. It is
the only way to gve policy makers a rigorous basis about what can be gained and lost with the
use of water markets, and about the contexts in which these markets may be able to function

well for the achievement of legitimate social goals.



Therest of thethesisis organized as follows. In Chapter 2 thereis ardatively brief overview of
theoretical and empirical literature devoted to water markets. | found very few studies dealing
directly with the operation d agricultural water markets. Chapter 3 introduces the institutions
and infrastructure behind the operation d the water market in the Limari valley, starting with a
description d the general water legislationin Chile.

Chapter 4 is devoted to analyze in more detail the production structure and the functioning o
factor markets in the Limari valley. Special attentionis given to water market participation and
its relationship to crop decisions by farmers.

In Chapter 5 the theoretical modd is presented. This is used to simulate the operation d the
water market in a longperiod d time. These results are compared to the observed water price
distribution as estimated by nonparametric techniques. Chapter 6 presents the econametric
estimations on water market participation cecisions. Finally, Chapter 7 is devoted to explore

policy alternatives for improving the rental water market in the Limari vall ey.



Chapter 2: Water allocation problemsin the Economics Literature

In this Chapter | present the intellectual context surroundng the analysis and policy debate on
water management and irrigation problems. | give special attentionto literature's contributions
with respect to the (actual and potential) role of water markets in solving all ocation problems in
water resources.  The Chapter combines analytical and policy debates surroundngwater isaues,
which are closdy related to the complex and specific features of the resource.

First | present some stylized features of water as a scarce resource for human use. These
features impaose restrictions on water institutions with respect to private appropriation, water
transfers and social stability. These also imply that water management is a complex and
multidiscipli nary task.

The next sections summarize the econamic literature onirrigation and water markets. Different
issues and conceptual frameworks have been used by econamists to try to understand and
improve water allocation systems. Water pricing modds for large irrigation systems are
considered o limited use if these do nd discussthe own restrictions on water tariff s as eff ective
rationing mechanisms (given low exclusion) in a context of imperfect information and strategic
behavior.

Understanding irrigation problems as part of the general literature on coll ective action problems
appears as a promising avenue for theoretical and applied analysis. Recent research has focused
on hav water markets may work, shedding light on the complexities surrounding transaction
costs, which are closdy rdated to the information environment in which water must be

all ocated.



The Chapter finishes suggesting that it is necessary to adopt a more general and coherent
econamic paradigm for the research o irrigation problems, especially regarding the potential
role of water markets. The information-based paradigm which has been developing in the last
decade by Stiglitz and ahers appears as the most promisingtrack to follow. Inthisdissertationl
will apply concepts of this paradigm to the concrete case of an agricultural water market in the

Limari Valley (Chile).

2.1. Special features of water

Any serious econamic analysis of water for irrigation must start by recogrizing its very specific
features. For econamists this means to consider if water, as an scarce recourse, can be privatdy
appropriated (at a reasonable cost), or whether it can be esily traded, or whether it generates
external effects in use and dstribution. All these considerations affect econamic institutions
designed to all ocate the resource among alternative uses and users.

Unfortunately (or fortunately!) water is nat a resource like others which can be esily
appropriated, traded and used without affecting dhers. The list of water's “market
imperfections” is as longas it can be. This makes water a fascinating resource for econamics
(and also points out the limitations of atoo rarrow econamic analysis).

Thus, it is important to determine the specific features of water which may affect how the
“irrigation problem” appears in real situations and haw it can be approached by econamic
theory. | list what | consider the main special features of water in an irrigation system context:

Randomness: total water suppy for each cropping seasonis a randam variable, which
depends on environmental condtions. Reducing this variability is one of the most




important goals of designing and building irrigation facili ties (dams, reservoirs, canals,
ditches, etc.).

Mobility: water is a mobile resource, which in its liquid form tends to flow, see,
evaporate and transpire (Young, 1986. Its mobility generates multiple types of
physical interdependence amongusers located in dff erent areas of the same irrigation
system.

Imperfect divisibility: water flows can sdddom be divided into dscrete units for
individual use and thus is an imperfectly excludable commodty (Randall, 1988. In
some systems--especially were use is highly valued--there are devices for volumetric
measurement and geater division (like piped water for urban consumption). In
general, however, these devices are nat affordable in most irrigation systems,
especially in developing countries.

Rivalry: most irrigation systems have a maximum capacity of flow, which generally
falls bellow the total demands at some point in time; the rest of the season the capacity
may be underutilized (LeBaron and Keler, 1986. As the irrigation system gets
congested in the peak season, water is demanded as arival good as ones' consumption
reduce others' utilities (Randall, 1988. This is also why irrigation systems have
important degrees of corflict amongirrigators, aff ecting the all ocation process
All these features may have different configurations which will affect and be affected by
alternative institutional settings for water allocation. In fact, there has been a wide variationin
institutional responses to these special features around the world and through time.
These specific features auggest some of the directions econamists have taken when analyzing
water allocation and irrigation problems. Econamic approaches can be differentiated by their
analytical underpinnings or by the type of problem these intendto tackle. | will use both criteria

for presenting the reviewed literature.
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2.2. Water allocation as a collective action problem

An effective way to start the analysis of water allocation isaues is to consider it as a coll ective
action problem (Saleth e al, 1991 Bardhan, 1994 Sengupta, 1993. A collective action
problem refers to individual behavior vis a vis some accepted social goal: a situation where
individual rationality can lead to "a strictly Pareto-inferior outcome (...) which is dgrictly less
preferred by every indvidual than at least one other outcome' (Taylor, 1992 p. 19). A more
Pareto-efficient all ocation canna be reached based orly onindvidual ratiorality, as some form
of cogperation (or coardination) amongindviduals may be needed.

The posshilities of collective action problems in water allocations inside an irrigated area ae
multiple and generally rdated to the fact that irrigation systems canna perfectly accommodate
individual preferences when exclusion is nat perfect and the resource is nat totally observable
and measurable. Large-scale canal systems generally require high levels of management and
coll ective action for obtaining (at least second best) optimal outcomes.

Thus, the general coll ective action problem in irrigation appears when designed (or legitimized)
operational and all ocation rules colli de with indvidual “rationality”. Managerial and all ocation
strategies are designed to aggregate and restrict individual chaices acoording to some operational
principles under imperfect exclusion. However, individual irrigators may try to influence those
rules or simply to break them up if that is posshble and could benefit them. It is out of this
deli cate balance that many large-scale irrigation systems end up in severe managerial stressand
low production performance at the same time (Chambers, 1988.

An important type of collective failure is presented by Sparling (1990, in the allocation

mechanism itsdf. In his modd of “cumulative externality”, farmers located upstream simply
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take etralegal (or “steal”) amounts of water, affecting all the farmers down in the stream. As
these water losses are cumulative, the dfect will rise exporentially with location, severdy
aff ecting those located dowvnstream. And although davnstream farmers expected profits will be
severdy affected, it will be very difficult to blame and sanction individual farmers because
actions are nat easily observed. This type of problem has been extensively observed in redl life
situations in which poorer farmers have problems to eff ectively protect their water rights.

Ancather type of collective action problem that has been analyzed by econamists is related to
water transfers (which can be assciated to water commercial trading a nat). The fact that
removing water from an irrigation system has complex eff ects on the water rights of those not
participating in the operation is an important argument for farmers’ reluctance to introduce
unregulated water markets in irrigation systems. Miller (1987, for instance, uses a simple
modd of a fixed cost in the administration and maintenance of the canal system to show this
point. As water istaken aut of the canal system, all remaining users will have to pay the same
fixed cost for lesswater, increasing the average cost of production. Mill er argues and tries to
show empirically that the observed opposition d farmers and water associations to non
regulated water markets may be an efficient response to the problem of distributing gains and

losses amonginterdependent irrigators (a coll ective action problem).

2.3.  Water subsidies and irrigation problems

The isque of water pricing has taken a lot of space in the eonamics of irrigation literature

(Sampath, 1988. The modds of water pricing are popular amongeconamists because they can
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give very clear policy prescriptions respect to what is the "right thing' to doto improve water
efficiency and equity when there is a centralized water authority that can enforce water rights.
Thus, water pricing theory in the irrigation context (and in urban contexts as well) is referred to
the search for the optimal water tariff (of alternatives) that a mongpolistic water authority must
charge in arder to dbtain the highest social benefit (or other social gaal) from individual water
users.  The formal modds that are common in the water pricing literature are those of the
monapoalistic pricing and principal-agent types, na the auctionee price-equili brium models.
One of such typical models of water pricing is that of Rhodes and Sampath (1988. In their
moadd,
"(..) Six alternative methods! of allocating and pricing irrigation water used in
developing countries are compared and ranked on the bases of efficiency in
production, equity in the distribution o income, and cost recovery to the provisioning
authority” (p. 103
Theauthors built the modd usinga Cobb-Douglas production functionin which water is afactor
of production. Water supfy is fixed and the authority's problem is how to all ocate dficiently
this water to two types of profit maximizing farmers: large and small (in terms of land), which
have the same production techndogy. Using this modd, the authors are able to find the six
algebraic solutions to the problem and rank the analytical results in terms of efficiency, equity
and cost recovery.

As can be &pected from the outset, both the benevolent dictator's allocation and an efficient

volumetric pricing system achieve the optimal all ocation (the ejuity question is irrdevant, as

! The alternative methods are: Pareto optimal distribution by a benevolent dictator; proportional water
distribution regulatory system (proportion according to share in irrigated land); volumetric pricing
system; acreage pricing system (afixed feeaccording to irrigated land); tax on output produced; and tax
on inputs purchased.
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only reflects the initial endowments). The other four systems are restricted versions of the
maximizing problem, so it is obvious that those would not render the optimal allocation.

The Rhodes and Sampath modd is too simple to answer some of the important questions of
irrigation problems. The two optimal mechanisms are not viablein almaost any real-life situation
because the high transaction costs, externalities and information processing those would require.
The equity issue, also, is trivialized, in the sense that the results are driven by perfect markets
reflecting the initial allocation of assets, something that would change dramatically if transaction
costs and externalities of each allocation method were included.

More efficient water pricing models are probably a valuable analytical tool for water
management but, in general, these need to include considerations about strategic behavior by
water users; the transaction costs (enforcement and administration) of different water pricing
systems; differing and conflicting social goals from water users and other actors, and the limited
information that water authorities have regarding individual water demands and potential water
conflicts. Incorporating some of these complications would make these models more realistic
and useful for policy action.

The most troublesome assumption of these simple pricing models is that of non-exclusion (or
zero transaction costs assumption), which is related to the possibilities of strategic behavior by
users.

This heavily limit the effectiveness of almost any pricing mechanism as a zero-transaction cost
allocation system. In fact, water bureaucracies seldom can exclude users on the basis of water
payments, and almost never can organize auctions due to rampant strategic behavior (some
farmers may have a location-specific strategic advantage due to conveyance losses which make

them a sort of a grouped monopsonist).
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More important, econamic moddls of water pricing as all ocation guides are generally of scarce
usefulnessfor policy recommendations as the complicated problems of water management and
investments in maintenance are nat directly considered. In this direction, other approaches have
focused attention on analyzing hav water management is carried onin real life with more

reali stic assesament of the resource s features as discussed in the next section.

24. Irr igation management and the “ syndrome of anarchy”

The limitations of using prices as allocation mechanism for water are sdf-evident to any
manager of surface irrigation in developed and developing countries. Generally, water fees are
coll ected ex-ante or ex-post, but seldom aff ect water demands by farmers (Lebaron and Kdler,
1986. Inded, the normal case is one where water all ocations are suppy-oriented, and farmers
receive the amount to which they are aititled to. Water fees may be coll ected but those are to
cover maintenance and administrative costs, nat to rationing water consumption. Thus,
analyzing in more detail these supdy-oriented managerial practices becomes crucial to
understand many irrigation problems.

Managerial principles generally are designed to dstribute water in an arderly manner, respecting
the parameters of the already built distribution system and according to some established
schedule of all ocation based onwater requirements by crops (sedldom acoording to real farmers
preferences; see Chamber, 1988. The main managerial problem is that actual water use by
farmers is nat techndogically given (related to fixed crop coefficients). Water consumption is

part of farmers decision-making both onfarm and above the outlet.
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These actions may be too diverse and unpredictable to be accommodated by the designed system
and the rigid managerial practices, and managers are faced with situations in which water do not
reach farmers with recognized rights, or situations in which the planned allocation has nothing to
do with the real allocation. This situation makes water management a very complicated activity,
for which special skills of authority, persuasion and information processing is required.
The procedures of water management have been studied in many parts of the world, but with
particular intensity in South Asia (especially India). Two important volumes (Coward, 1980;
Freeman, 1989) have covered the maost important issues surrounding water management in
irrigated areas of South Asia. Freeman, for instance, recognizes that the main managerial
problem is to reconcile main system supply with farmers demand:
"The fundamental problem is that main system managers cannot control the strategic
variables that determine water demand and water productivity farm by farm and fidd
by fidd: site specific variations in soil moisture capacity, soil moisture availability,
planting times, crop variety, root zone depth, daily crop moisture depletion....  Such
matters are known to main system managers as general tendencies, not as field-by-
fidd particularities' (p. 13)
These gaps between general tendencies and specific conditions (which for Freeman remain
technological, but which can be extended to individuals economic mativations) is the basis of
many irrigation problems. Freeman considers that farmers have better knowledge about these
specifics, but are limited with respect to knowledge about the systemic logic of main canal
irrigation. To fill this gap, most of this literature has proposed the development of intermediate
institutions (for example users associations) that can facilitate and smooth information
transmission among dissonant spheres.

Other authors who have studied managerial problems in great detail are Botrall (1985) and

Wade (1988). Botrall focused his work on "above the outlet" management as a leading source
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of irrigation problems. Wade called "syndrome of anarchy" to the type of situation which
characterizes irrigation management in countries like Inda. In Inda, designed structures were
built to maximize irrigated extension and minimize administrative costs. The result has been
extremdy extensive systems with permanent flows that are extremey vulnerable to managerial
problems and strategic behavior.

Comparing Indan canals with more compact systems of Taiwan and Korea, Wadefinds that the
former allow a very low intensity of managerial control over the distribution process. The lack
of effective cortrol over water by the authority starts a cumulative process of rule-breaking by
farmers, who do no seeany benefit in restraining from stealing water. High levels of corflict
andincreasing inequality in the distribution d water are features of the "syndrome of anarchy”.
Related to the literature on managerial problems, inefficiency has been associated to the nation
of rent-seeking behavior, especially by Repetto (1986. Rent-seeking activities are those that
can lead econamic agents to dbtain prafits due to manipulation d the decision processby which
some quantity or price of some goodis determined by the government or the judicial system. In
the case of irrigation management, the goodis water, and farmers can bribe water officials or
representatives in arder to dotain more water than that legally authorized.

The dfects of rent-seeking behavior can be daunting for irrigation performance in developing
countries such as Inda (Wade, 1984). This “strategic behavior” nat only affects any ardered
allocation process but also alters the necessary mutual trust among irrigators and between
irrigators and any type of water authority. Farmers gart to break the rules and bribe officials,
and the high rank dficers tend to manage the water increasingy in bulkier units, in oarder to

reduce the problem.
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The rent-seeking behavior approach has been considered favorably by some analysts (Moare,
1989 as a simple and coherent diagncstic that acocounts for a lot of observed trends and
problems in large irrigation systems around the world. Perhaps Wade (1984 has the most
tdling analysis of rent-seeking behavior in Indan canals, where interest groups and populist
coalitions have taken strategic positions in the whde bureaucratic apparatus to extract wealth
using rent-seeking strategies of diversetype.

The rent-seeking approach to all irrigation problems, however, has its own limitations. Wade
(1989 explains how the successul Taiwanese experience in irrigation management is based on
the active role of Irrigation Associations (IA’s) but under a clear and centrali zed hierarchy ruled
by a disciplined water bureaucracy that seemsisolated from rent-seeking behavior. Inthis case,
the theory should explain why this can happen in ore cortext and nd in cather.

Other important limitations of Repetto' s approach are the prescriptions. According to Repetto,
the necessary reforms in water management should be oriented to increase the use of price and
commercial criteria for alocating the resource, under the asaumption that those are less
vulnerable to rent-taking and rent-seeking activities. This idea, however, seams of little useif it
is very hard to enforce commercial mechanisms in large irrigation systems. In general, the
problem seams more ore of lack of authority and dscipline in enforcing the rules of allocation
than ore of using the price as an alternative mechanism (Moore, 1989. The successul
Taiwanese water management is a system in which rules of all ocation are based onbureaucratic

management, nat commercial principles (idem).
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2.5. Local management of irrigation

There are many systems in which farmers organize water institutions themsalves in arder to
enforce allocation rules. In Tang's (1992 comparative analysis of diverseirrigation systemsin
terms of institutional variables, he coded 49 case studies about irrigation communities, from
which 41 arelocated in Asia. Thesize of systems ranged from 3 to 628000 hectares.

The systems were clasdfied as "community managed" and "bureaucratically managed”, and
three basic outcomes are ealuated: a) adequacy of water suppy (to users); b) degreeof rule
conformance; ¢) maintenance and dstribution d costs and benefits. The"explanatory” variables
were physical attributes of the system (size, number of users, alternative sources); community
attributes (income differentials, ethnic or cultural differences); and institutional arrangements
(operational rules, collective chaice atities).

The coding d these qualitative variables allows Tang to explore rdationships between the
explanatory variables and the observed autcomes. He also constructed scales ranking the degree
of difficulty in dotaining some outcomes, for which ore can seethat if some outcome is nat
achieved (like adequacy of water suppy), it is very unlikely that other outcomes are obtained as
well (like maintenance and rule conformance).

Tang sanalysisis mainly qualitative and tends to confirm the better performance of autonamous
irrigation communities versus bureaucratically managed systems. However, thefact that it isnot
posdble to control for size and complexity of the systems, makes many o these two type of
management systems noncomparable.  Other problem is that most of the variables are too
general and nd conrected to a clear behavioral modd. An additional limitation is that most of

the information is scond-hand, taken from studies with dff erent methoddoges and criteria for



outcome evaluation.  The framework, however, looks promising as an initial approach to
insightful comparative analysis.

One of the leading studies on autonamous water institutions was that by Maass and Anderson
(1979 that dealt with six irrigation communities, threein Spain and threein the arid western
U.S. These authars carried aut a detailed fidd work describing the complex functioning
procedures of autonamous irrigation aganizations aimed to achieve "low corflict, equity,
fairness and efficiency”. They found that these communities indead put a great weight to
minimizing corflict, even if some dficiency gains may na be realized by the imposed rigidities
in allocation. They also found that these communities were highly eff ective in reducing corfli ct
and enforcing goerating rules, in cortrast to bureaucratic management.

They gave specia attention on the etent and limitations of voluntary water transfers
independently of land (the basis for a water market). They found that in Alicante (Spain) a
market for water rights was actually operating for very longtime, although this was subject to
some mechanisms of communal cortrol and limits to water transfers. Water transactions have
ocaurred in Alicante since the thirteen century. One important feature of Alicante was the exrly
construction d a large dam that allowed a high degreeof regulation o the water supdy before
irrigation communal control was frong Maass and Anderson describe a long history of
unsuccessul intents to link water to land, promoted by the owners of "old" water rights who do
not want to seether rights permanently challenged by "new" rights.

In the other two Spanish communities they studied (Valencia and Murcia-Orihuela) water was
virtually "married to land’, since water transactions were nat permitted at all, and were even
considered as evil or sinful activities:

"...But the sale of water or of the rights to water is anathema to Valencians, where
water is married to land and canna be divorced from it. Spanish communities that
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allow divorce are both benighted and immoral in their view. The farmers attach
considerable importance also to their claim that water is 'freé in ther huerta,
compared to aher 'less fortunate areas where water is @ld. Valencians, in aher
words, prefer eaborate administrative procedures in the short run and prohibitions
against water transfers in the longrun to an efficiency-oriented market" (p 41).
The reasons that the authars put forward for this resistance to market transactions of water are
some "fears of market manipulations', especially by "moneyed men who are nat resident
farmers (and) could buy sufficient water to be able to cortrol its price and the destinies of

irrigators' (p. 42). My own interpretation is that water markets may na have been feasible in

these areas due to the low leve of control and imperfect measurement over the scarce resource.

2.6. Functioning of water markets and the formation of water prices

In the face of emerging water markets as all ocation institutions, econamic analysis has been
increasingy focusing its attention onhow these may operate, what type of market is likely to
appear and hawv water prices may be formed. Econamic modds of water markets are ather
oriented to consider the actual functioning d water markets in some areas of the world, or to
predict possble outcomes in the case that water markets are introduced.

A moadd applied to actual functioning was developed by Crouter (1987). He wanted to test
whether in Colorado—where water laws allowed trading water separately from land- the
functioning d the water market (in water rights, nat in the spot market) was independent
(separable) from the land sales market. One of the main efficiency gains from a water market is
that it allows higher flexihility in the all ocation d the resource, avoiding the traditional bunding

of water and land rights.
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Crouter used a hedonic price modd to test for separability in water and land prices. If water and
land markets are independent, a hedonic price function would be linear or additive separable in
both prices. Otherwise both resources are really traded as a bundle in the market (like houses
with bundled attributes).  Analyzing 107 land/water transactions in 1970, he estimated a
hedonic price function which was not separable in both prices. Therefore he concluded that in
this particular setting, the water market has not evolved as an independent market (yet).

He hypothesized that this may be caused by significant transaction costs in the water market.
Search and negotiation costs, identification of water rights attributes and other informational and
legal costs may be high enough to make the water market too thin to operate independently from
the land market.

A similar study but with a larger data set encompassing several irrigated areas in western U.S.
states was carried out by Colby et al. (1993). In ther study, these authors seek to find
explanatory variables for water price dispersion. They proposed thefollowing variables: priority
of rights (or attributes of water), geographic flexibility, high-praofiletransactions, size and date of
transactions. Using regression analysis they found that all of these factors and regional dummies
explained water price dispersion, pointing out that these markets are very far from competitive
markets (again, this due to high transaction costs).

In a recent analysis of water markets in Chile, Bauer (1995) finds no evidence of (independent
from land) water transactions, despite the fact that the Water Law of 1981 created transferable
water rights in that country (one of the few in the world). He argues that water transfers
independent of land are not feasible in most of Chile because high transaction costs.

If the sales water market has received a lot of attention in the last two decades, especially for the

U.S,, therental market not so. One of the few studies related to the water spot market is that of
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Saleth et al. (1991). Intheir modd, these authors smulate the operation d a “thin” rental water
market in which transactions are restricted by minimum stream flow requirements (which are
necessary to protect other water users in the same canal).

They are interested in the alternative types of markets which may appear, especialy in terms of
their efficiency and price formation. For this purpose they use a multi-agent bargaining model
in which the bargaining power of agents depend onther current valuation d water and their
gains (or losss) from trading water. The authars consider different bargaining rules and
bargaining environments for the simulations. Bargaining rules are based on signal and
settlement mechanisms, whereas the bargaining environment depends on market size (3 to 16
players), farm size distribution (identical versus kewed), property right systems (equal sharing
and prioritized system) and information (complete versus incomplete).

In their simulations using estimated parameters of water crop use and Yields (which affect
bargaining power), they find that water prices are highly sensitive to the bargaining rules and
environment. As the market size increases, efficiency losses are lower and price formation is
more competitive (and efficient). Different water rights s/stems produce different outcomes,
whereas farm size distribution appears as a central factor for increasing inefficiencies, especially
in small size markets. In general, the simulated results are suggestive in the sense that thin rental
water markets may be very sensitive to structural factors as assts distribution, information and

market size.



2.7. Towards an infor mation-based paradigm for water allocation problems

In an influential article by Young (1986 the following is gated about the role of econamists
regarding water all ocations:

“..it appears in too many cases that an owrly large difference in the value of
alternative uses is required in arder to precipitate transactions as a solution to water
suppy problems. As econamists, we can help to smoath the process of econamic
change by cortinuing to improve the empirical knowledge regarding the potential
impacts of water transactions. In addtion to the conventional econamic analysis of
direct, indrect and secondary impacts, econamic tods can be usefully directed to
assessthe cost of achieving noreconamic gaals. We can also help devise exchange
institutions with properties which permit the full range of social concerns to be
reflected in the transactions...” (p 1150

| think it reflects a correct standing onthe role of econamist for improving water institutions.
From my perspective, the most promising paradigm for achieving this goal comes from the so
called “information econamics’ as explained by Stiglitz (1994):

“(...) During the past fifteen years, a new paradigm, sometimes referred to as the
information-theoretic approach to econamics (or, for short, information paradigm) has
developed. This paradigm is explicitly concerned with these issues [problems that arise
with the absence of perfect information and the costs of acquiring information, as well
as the absence or imperfections in certain key risk and capital markets]. This paradigm
has already provided us insights into development econamics and macroeconamics. It
has provided us a new wefare eonamics, a new theory of the firm and a new

understanding d the role and functioning d financial markets. It has provided us new
insights concerning traditional questions, such as the design d incentive structures’

(PP 9
| think that this emerging paradigm may be fruitfully applied to the eeconamic analysis of water
problems, in particular, to irrigation incentives and the role of water markets. Given the special
features of water (especially its problems of exclusion), it is intuitive to think in a paradigm
oriented mainly to understand hav imperfect markets may operate in real terms is the most

appropriate. The full power of this theory applies “..when markets are incomplete and
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information is imperfect, (so) the actions of individuals have eternality-like dfects on ahers,
which they fail to take into account...” (idem, pp 29.

Returning to the quotation from Y oung, the chall enge for econamists analyzing water all ocation
problems may well go beyond measuring the expected impacts of thaose transactions to studying
with a more appropriate modd the dficiency of the market itsdf in a context of imperfect
information and adverse incentives. As water markets become a real possbility for allocating
the resource we can cortribute to understand in which contexts these market are likely to be

more dficient and stable, both decisive factors of econamic devel opment.



Chapter 3: The Limari Valley: Irrigation Infrastructure and Water

| nstitutions

I ntroduction

This chapter is divided in three main sections. The first section presents a general discusson
on the Chilean Water Code of 1981, the code that opened the posshility of water markets in
Chile. It also presents ome evidence of the operation d water markets in Chilean territory.

The second section focuses on the history of the Limari-Paloma irrigation system and its
current situation in terms of the eisting water infrastructure serving to agriculture. The third
section dscusses how water is managed in the regulated area, paying special attention to the
organizational features of water distribution, definition/enforcement of water rights and

alternatives for thereall ocation d water (including the market).

3.1. The Chilean Water Code

Chile is one of the few countries in the world that has a water legislation based on the
privatization d water rights and the full operation o water markets. This legislation was
introduced by the military government in the erly 198Gs as part of radical liberal reforms in

diverse areas of the Chilean econamy. In this sction | will analyze the most relevant features
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of this legidation and d the ingtitutional framework for irrigation and water management in
Chile,

The Water Code of 1981 (D.L. 1122 marked a radical change to the previous legislation (of
1967 and linked to the Agrarian Reform implemented in Chile in the 196@s). In the water law
of 1967 the State was the only owner and administrator of water, giving authorizations of use
to econamic agents. Authorizations were based on a ranking d econamic activities and
pertained to achieve rational and efficient use of the resource through centralized planning.
The legidlation prior to 1967, however, had a more private approach as water rights were
considered “real rights’ (derechos reales), which gave owners high security and were
registered in pubic registries (Bauer, 1995 .

Most of the planning procedures established by the 1967 legislation dd na work in practice.
The assumptions about water management were unrealistic with respect to the State's ability
to cortral actions by individual users, especially of agricultural irrigators. Also, the Chilean
tradition in agricultural water management was based onprivate ownership, so farmers did na
accept the more centralized legidation. Regulatory aspects of this legislation were sdddom
enforced and in practice irrigation in Chile went on @erating under the strong tradition of
private cortrol of the resource. Still, there were coll ective aspects within the private cortrol of
the resource which should nd be overlooked.

The water law of 1967 was grongdy criticized by the team that prepared the new water code
during the second phase (19771982 of the government of General Pinochet (19731990.
This team considered that the eisting water law of 1967was gatist and an dostacle for private
investment nat only in irrigation but also in mining and hydodectric energy, the main source

of dectric energy in Chile. Consistent with this critique, the Water Code of 1981 limited the
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possibility of State intervention in the management and administration of the resource. The
water authority (Direcddn General de Aguas, DGA) lost almost all its power and voice in
issues of alteration of water infrastructure, intra and inter-sector transfers of water rights and
about specific uses of the resource. All of these functions were, at least in theory, assigned to
private owners of water who would have private and tradable water rights with almaost not
restrictions.

The tradability of water rights was one of the most controversial aspects of the 1981 Water
Code. Private owners did not need any authorization to transfer water rights from one use to
other or to sdl it to other party. Although the Code said that negative externalities should be
compensated, in practice it did not create any institutional mechanism for tackling externality-
related problems. Water rights were to be registered in public registries and were separate and
different from land rights.

Although the DGA was not assigned any important role in water management, it was in
charge of the initial allocation of water rights. This was one of the most controversial aspects
of the new code as the DGA was obliged to give water rights to anyone who would ask for it
until the total consumptive use of the source was exhausted. There was no charge for
assigning water rights. Although the Code established that if there were more than one claim
to the same water rights these were to be allocated using public auctions, these auctions did
not work and most water rights were allocated from two processes. non-competing claims
from individuals and corporations, and bureaucratic programs for titling water rights in
agricultural areas. It was estimated that at the end of the 1980s, only about 40 percent of

water users had formal water rights in Chile (Rios and Quiroz, 1995). It seems that there were
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also acquisitions of water rights for speculative reasons, especially from firms in the
hydrodectric area.

The Code created two types of water rights: consumptive and norconsumptive. The first type
are typical of agriculture and urban consumption, the second d hydrodectric and recreatioral
activities. Mining can be considered a consumptive activity as the quality of the resource is
severdy changed after use. The Code gave a certain priority to consumptive water rights over
nonconsumptive, although this interpretation was challenged by the powerful dectric
industry. Corflicts between dectric firms and agriculture were nat diminated under this
scheme (Bauer, idem).

In terms of corflicts resolution, the Code assumed that private bargaining was enough to solve
these. Under the “Coase Theorem” type of logic of zero transaction costs, the Code assgned
any water corflicts to the regular judicial system, considering these as dandard problems of
private ownership. At the same time, the Code did na create any institutional framework for
the multi-sector use of water inside water basins. At the moment of the approval of the code
in 1981 there were no much pulic and academic interest in water management at the basin
levd, situation which would changein the 199Gs.

In the 199G and after the change of government in Chile, the Water Code of 1981 started to
be criticized both in political and academic drcles. ECLA, an institution d the United
Nations, started to evaluate some of the most important problems of this legislation which
were asciated to speculative practices in the acquisition o water rights, and to inter-sector
corflicts between hydopower and agriculture. On the other hand, a group inside the World
Bank also started to evaluate this legidation with a very different approach: stressng its

impact on terms of efficiency and promotion d private investment in water suppy



infrastructure.  Both institutions presented corflictive evidence about the advantages and
disadvantages of the Chilean Water Code.

The newly dected Chilean government in 1990 also started to consider some changes to the
1981 Water Code in two crucial areas. to establish a mechanism to tax nonused water rights
and reduce speculation, and to create an institutional framework for water management at the
basin levd. Both measures were strondy opposed by the conservative opposition in
Congess—arguing that these aff ected the private property of water owners--and could na be
pas<sd.

In the 199Gs the Chilean Water Code also served as modd for adopting similar legislation in
other countries in Latin America like Peru, Mexico and Boliviaa However in nore of these

cases the legislation became as liberal as in the Chil ean modd.

3.1. Some evidence about water marketsin Chile

When considering the posshility of activating a water market it is necessary to evaluate the
relative scarcity of the resource, which is grongy related to ecological condtions in dfferent
parts of the territory. Water scarcity is also affected by human cortrol of the resource
expressd in water storage and conwveyance facilities. Only water under human cortrol is
considered as econamically useful and thus reducing water scarcity. If water canna be
cortrolled, its abundance does nat mean low scarcity in econamic terms.

In the Chilean territory, water condtions are very different acrossthe long strip. Only in two
of the four main climatic formations is irrigation important: the Northern area (frortier with

Peru to the Elqui Valley) and the North and Central Valley (from Limari to Bio-Bio). Beyond
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that area, water supdy (i.e. water under human control) is abundant and redative scarcity will
not generate condtions for water markets to gperate.

Besides rdative scarcity, anather factor must be considered: transaction costs. If a water
market were to exist, these costs should be low enough to make transactions profitable for
both parties. However, in most irrigated valleys of Chile, reall ocating water faces important
transaction costs. These are assciated to “marcos partidores’ which are rigid structures
which asdgn water in fixed proportions to dfferent areas inside the same system. This
devices were designed previously to the market legislation and reflect the traditional practices
of water allocation under fixed proportions. Altering “marcos partidores’ invave significant
costs which nead to be paid by potential partners in a water transactions. This may also aff ect
may other parties in the system who will need to be compensated.

The preliminary studies about water markets in Chile indicate that there are very few areas in
which such markets have started to gperate (Bauer, 1995. The Elqui and Limari valleys are
perhaps the most significant Chilean agricultural valleys in which active water markets
appeared after the 1981 Water Code (Hearne, 1995 my own fiddwork in Limari, 1997. In
other agricultural areas with relative water scarcity there was very limited water market
activity, whereas in some urban areas near Santiago there is evidence of some market

activation (Rios and Quiroz, 1995.

3.2. Evolution and current status of the water infrastructure in the Limari Valley

The Limari river basin is located between latitudes 30°15 and 31°25' and is bordered by the

Elqui River watershed to the north, and by the Choapa River watershed onthe south. The
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basin's area basically coincides with the boundaries of the province of Limari. The provincial
capital is Ovalle which is the only major city in the area aad the center of administrative,
social and commercial flows. Ovalle is located 385 Km narth of Santiago, and 86 Km from
La Serena, the capital of the IV Region to which the Limari Province belongs to. In general,
the Limari valley has goodtransportation and communications infrastructure which allows for
a fluid commerce of its mainly agricultural products.

The Limari basin is made up of several mgjor rivers which have their source in the Andes and
are fill ed by thawing snow from the mountains. The Hurtado river drains the northeastern part
of the basin. Alongits lengthy course it is joined by many small tributaries formed by diverse
pluvial streams. Several rivers with a relatively heavy stream flow run from the Andes into
the central part of the basin, eventually flowing into the main water resource of the basin, the
Grande river. The other three important rivers in the basin are the Pama, Combarbala and
Cogdai rivers which ariginate in the southern area.

The whde Limari valley has an extension d about 60,000 hectares. The upper part
encompasses about 20,000 hectares in which there is nat regulation o water resources. In this
area ariculture is much more poorer than in the lower part, which has about 40,000 hectares
and is currently devoted to highly commercial crops like pisco grapes, avocados, green

peppers and artichokes.

3.2.1. Evolution of water infrastructure

The eploitation d water supgies in the Limari Valley has a long (and corflictive) history in

which extreme events like droughts and floods have played a central role. It seams that the
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hydrological sequence of this valley tends to produce three to four-year periods of severe
water scarcity followed by long periods of rdative abundance and even floods. For instance,
in the 18801890 period there was ore of these extreme scarcity situations which triggered the
first formal register of private water rights in the vall ey.

In 1928there was a more precise definition o water rights in which most of the current water
rights (asociated to land rights until 1981) were created. In the 193G the State started the
construction d two dams to regulate water in the lower part of the valley, as part of a
nationwide pulbic investment program oriented to create employment in the mid o the big
world recesson.

The initial goal of the construction d the two dams (Cogadi and Recoleta) was to gve total
regulation to the lower part of the valley. This means that the stored water must be enough to
give a permanent and secure water supdy to hdders of water rights. The dams were built
with a capacity of 150 million cubic meters for Cogai (receiving water from the southern
rivers) and 100 million cubic meters for Recoleta (receiving waters exclusively from the
Hurtado river and tributaries). The estimations were totally off the mark in terms of asauring
the regulation d water supgies for the lower part of the valley as engneas used very short
hydrological series for their calculation and the functioning o the dams in the following
decades showed that there was only a very imperfect regulation d the water suppy. This
meant that permanent crops were nat viablein the valley.

In the late 195G the Chilean government started to plan the construction d a much larger
reservoir to gve enough regulation to the valley. The financial support for this project (it
estimated cost was US$ 300 million) was gaing to come from copper export surpluses.

Technical studies owed that it was necessary to build that reservoir to generate an



interconnected system which would gve secure water regulation to the whde lower valley.
The site for the reservoir was an area known as Paloma, so the project was hamed the Paloma
system.

After an analysis of 50 years hydrological series, it was determined that the Paloma reservoir
must have a capacity of 750 milli on cubic meters. This capacity was defined orly to regulate
the water suppy of the &istent agricultural area, nat to increase it (although this was relaxed
later under socio-palitical presaures). The interconrection d the three dams would allow to
regulate 60 percent of the water received by Cogai and Recoleta, and to supdy an average of
300 milli on cubic meters per seasonto the lower valley.

It was planned that the Paloma system was gaing to start operations in 1968 However, that
year was the beginning d a severe drought that lasted for three years and the interconrected
system only could start working in 197Q The initial design d the project required a branch
canal (canal alimentador) of 78 Km between Paloma and the Recoleta dam. Because of that
extended drought this canal practically disappeared as the users of the Recoleta canal did na
invest in its maintenance in the mid of the Agrarian Reform in the 197Gs in Chil €.

In 1978 the administration d the Paloma system (which is managed by the Ministry of
Infrastructure and Public Works dnce then) made a hydrological study to determine the
optimal annual supdy of water from the whade system (which has a total capacity of 1,000

milli on cubic meters). The study determined that the annual supdy must be of 320 miillion

2 In this period the whole agrarian structure in the vall ey changed by the redistribution of haciendas to
permanent workers in the form of cogperatives. This change affeded at least to 50 percent of the area,
and in some @ses even to 70 percent (for instance in Camarico). A rapid processof parcdation of
these @moperatives was going to change again the distribution of agricultural assts (land and water)
among members, espedally after 19751976 and the liberal reform of the Pinochet government.
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cubic meters, although there are till difficulties to estimate the inter-annual distribution of
rain. The supply of 320 million cubic meters was considered appropriate for agricultural
production in the 32,000 hectares (of the 42,000 cultivable hectares that have water rights
beow the three dams). This means that in a normal year the whole regulating system supplies
water to irrigate 32,000 hectares, with an average use of 10,000 cubic meters per hectare.
This supply has allowed a massive adoption of permanent crops by local farmers since the

1980s.



Diagram 3.1.: The Paloma-Limari I rr igation System

Grande River

Hurtado River Paloma
Reservoir
Remleta
Reservoir
Talhuen Canal
Paloma
Talhuen
Master
Area
Villalon
Canal
| |
Llanos dd
Limari Area
Limari

Area

Combarbala River

Cogati
¢ Reservoir
./

Huatulame Area

\

Camarico
Canal

Camarico

Area

Cogai

Farmina

v

La Chimba,

Tabali, San

Julian Area

i

Punitaqui Area




3€

3.2.2. Current water infrastructure

The whde irrigation infrastructure in the valley is known as the Limari-Paloma system
regulating the waters for about 32,000 hectares. It includes reservairs, riverbeds, canal
systems and facilities (see Diagram 3.1.). The whde regulated system can be divided into
three subsystems. Recoleta, Cogdi and Paloma subsystems. Inside each subsystem there are
different water associations (see below about their functions). | will present a genera

description d each subsystemin turn.

The Recoleta sub-system

Includes the reservoir of the same name, six main canals and a secondary network of canals
providing access to the farms. The storage infrastructure consists of an earth-fill 70 m high
and 1,000 m long which makes posdble to store 100 million m3 of water. The Recoleta
reservoir is the oldest of this type in Chile, and it was put into goerationin 1934 At present it
has a high embankment and considerable segpage, both in the dam and in the hill s surrounding
it.

The water is ddlivered through the bed o the Hurtado river and six main canals of which the
Villalén and Talhuén canals are the most important. Both canals have significant seepage
losses, estimated in an average of 40 percent of the delivered water®. The irrigated area is of

about 14,000 hectares of which 9,000 are irrigated by the Villalbn and 3,400 ly the Talhuén.

3 Not all “lost” water isreally lost, some or even most of it may reappear for agricultural use by other
farmers located downstream or even in other sedions of the valley. According to the local enginees,
most of the percolated water is receved by the Camarico canal, which was built in the degoer zonein
thevalley. Thisincreasesthe water endowment of this area with atypical positive and uncompensated
externality in water distribution.
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The Villalon canal receives complementary water from the Paloma system in order to increase

the water regulation capacity of the Recoleta sub-system.

The Cogai Subsystem

The reservoir was built after the Recoleta, between 1935 and 194Q It consists mainly of a
dam mede of sdected large loose rocks which had been previously washed in arder to prevent
settling.  The dam is 90 m high and 400 m long and has a storage capacity of 150 milli on
cubic meters. The reservoir is designed to store winter water and ddiver it in the summer
(December-March). The water is discharged drectly into the natural bed o the former
Huatulame river and 18 Km downstream starts the intake of the Cogdi master canal. From
that a portion d the water is given to the Huatulame valley, which had permanent water rights
before the dam was built, and the rest of water is ddivered to the Cogai farming area, which
is properly the area that “owns’ the reservoir.

Although Huatulame® farmers receive regulation from the Cogai reservoir, they do nd
manage and pay for reservoir's use as they did nd own water rights in it. This stuation was
generated in the 193G when the dam was built because of Huatulame's grategic location in
the system, from which their farmers were able to bargain with Cogadi users to receive
regulation without payment or maintenance resporsibilities. The Huatualame valley also

receives water from the Grande river through the Semita canal.

* The Huatulame valley, with an estimate of more than 2,000 hedares, is very spedal. It has an
excdlent climate and soil s, which all ows the production of high-quality table grapes. Theseripen in
mid-Decamber and are exported mainly to the United States, at high prices, which makes the activity
very attractive (the farmed area has increased steadily in this zone, raising water demand and conflicts
with other areas as well).
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The remaining water from the Cogdai reservoir is ddivered using the extremely long Cogai
master canal (108 Km) from its intake in Chanaral Alto to Cruz Colorada, on the boundary
between Ovalle and Punitaqui. This canal is very old and segage looses are as high as 50 to
60 percent of delivered water, depending onthe amount of water flowingin the canals’.

The canal irrigates a large area of farmland west of the reservoir and south o Ovalle,
consisting basically of three terraces which descend in altitude toward the west. Water is
suppied to these serially. The first terrace, located in the intermediate zone, has an irrigated
area of about 2,230 hectares, and is srved exclusively with the water suppied by the Cogdi
master canal. The surplus flow is used to irrigate the other terraces, which are complemented
with water brought by the branch canal between Paloma and Cogdi.

A final terrace is located in the area of Punitagqui, which was nat considered in the original
area of the system. It seams that after the Paloma system was operating in the late 1970 there
was a severe crisis in the very poor area (related to a mining sector which went bankrupt). In
order to increase employment in the zone, the government decided to expand the agricultural
area in 1,000 hectares, which were assgned to workers of the mines. The water assgned to
Punitagui comes directly from the Paloma reservoir but using at some points the Cogdi

master canal.

The Paloma Sub-system

This g/stem consists of a reservoir, plants and a network of branch canals, which were built in

coordination. The wall is 85 m high and 900 m long the flooded area covers 3,000 hectares,

®> There are increasing returns in water delivery. This means that when canals deliver more water
proportional water losses are lower. This effed implies that water losss are highly variable across
years and months, and that water reall ocations also affed negatively to those receving lesswater in
their canals.



and it has a storage capacity of 750 milli on cubic meters. The network of canals covers a total
of 100Km. The work was considered at the beginning d the 1990s the largest, most modern
irrigation infrastructure of the country (this stuation may have changed after new irrigation
construction during this decade). It serves two main purposes. on ore hand, it provides inter-
annual regulation d surplus water produced during abundant years, which are then dstributed
during ay years, and, on the other hand, it backs up the seasonal regulation functions carried
out by the Recoleta and Cogai reservoirs, providing complementary resources.

The Paloma reservoir is in quite good condtion. Seepage is minimal and it is inspected and
maintained frequently. It is operated by a specialized staff of the Irrigation Bureau (Direccion
de Riego) which is part of the Ministry of Infrastructure and Public Works. In recent years the
government was trying to passthe administration to the local water asociations.

The Paloma reservoir usually ddivers about 200 milli on cubic meters which are assgned
more or lessin the foll owing fashion: Paloma master canal, 115 milli on m3, Camarico canal,
35 miillion m3 and the remaining 50 milli on m3 are ddlivered davnstream through the Grande
and Limari rivers.

The Paloma master canal is 25 Km long is fully lined and hes very low segage losss. The
canal eventually divides in the branch canals to Recoleta and to Cogai. The branch to
Recoleta is 8 Km long whereas the one conrecting Paloma to Cogdi is 25 Kmlong Thereis
still some discussons about who is the main responsible of maintaining and lining these two
branches (there were nat totally lined in the original project) between the irrigation bureau and

the water asciations.
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The Camarico canal is an dd privatdy owned canal which was built before the reservair. It
irrigates about 5,500 hectares in the southeastern terrace of the basin. The canal is 80 Km
long and it is nat lined, and losss an average 32 parcent of if flows (in some sort of
compensation, this canal receives water percolated from other areas in the vall ey).

The rest of the water from the Paloma reservoir is snt to the bed o the Grande River. This
water is mainly used to irrigate 9,000 hectares in the central part of the intermediate and
coastal zones. The Grande river joints the Hurtado river upstream of Ovalle, given aigin to
the Limari river. The Limari river is about 40 Km long and empties into the Pacific Ocean.

Thewhde valley and province are known as Limari fromthisriver.

3.3. Water management andwater ingtitutions in the Paloma-Limari System

The administration d the irrigation infrastructure is complex and is based on a mixture of
private and pulic administration. At the time of my fidd work, the administration d the
largest reservoir (Paloma) and its canals was gill under the Irrigation Bureau. A group of
about 10 people worked in this office, most of whom were highly trained civil enginee's with
a long experience in large reservoir administration. In general, the opinion d irrigators
regarding this office was favorable, even in the context of a severe drought in which | carried
out my research.

The main role of the office is to goerate and maintain the reservoir. These services are nat
charged to farmers, situation which may change in the near future if the administration is

passed to the water user associations. The office also provides a crucial function o
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coordination among the irrigation associations which use the reservoir. Each year around
April the office must reach an agreament with all users on the total amount of water to be
deivered from the Paloma and the other two reservoirs. Because the whde system is
interconnected, water suppy decisions must be closdy coordinated. The general rules of
water allocation were established in an gperational accord signed in 1958and which still today
is subject to some corflicts, especially during extremely dry years.

Besides this office, there are six irrigation aganizations in the regulated area which have
important duties in managing and maintaining the rest of the system. These organizations are
private and all users with water rights are required to be members (as in aher systems, thereis
not the option d avoiding membership). In Chile these associations are of three types:
Vigilance Bodes (Juntas de Vigilancia), Canal Assciations (Asociacién de Candistas) and
Irrigation Communities (Comunidades de Riego). Two o the three types of organizations
exist in the Limari valley. Both Limari and Huatulame rivers are organized as Vigilance
bodes, whereas the rest of the system is organized as canal asciations (Recoleta, Cogoti,
Camarico and Punitagui).

Water rights in this valley are measured by water shares that endow their owners with a
certain amount of water each year. The total volume to be suppied is decided each year for
the whde system and each irrigation aganization receives a fixed proportion d the total
suppy. The decision about total supdy is based ona general coordination d the Irrigation
Bureau and all the users’ associations and a basic parameter is the projected water to be stored
in the whde system. The proportional rules of all ocation to each asociation were establi shed

in the 1958accord.
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Each irrigation organization also makes a projection of water losses due to percolation and
seepage, and farmers are communicated of ther projected water endowment for each year
more or less with precision. Conveyance losses differ across organizations depending on
maintenance of the canals and managerial decisions by the corresponding administrators.

This system of water rights is the main basis for the existence of seasonal water transactions
(i.e. the water rental market). Water shares can also be traded as permanent endowments
although shares cannot be traded out of a given area (this is controversial as the Chilean Water

Code of 1981 allows these transactions, see Chapter 2). Farmers can save water from one year

to the next, but there is a penalty of 15 to 20 percent of the endowment due to projected

evaporation losses, so this practice is sddom observed. Water savings can be accumulated for

other years although this is not a common practice in this system.

Each irrigation association has an dected directorate, which generaly is linked to different
aress of the specific irrigated area. Each irrigator has voting power proportional to the number
of water shares he or she has. This voting system links directly water ownership to
representation in the directorate. Generally marginal and small farmers (with few water
shares) are underrepresented or not represented at all in the directorate.  Sometimes even
whole areas are not represented in the respective directorate.

These directorates appoint an administrator to accomplish two main functions: orderly water
distribution and canal maintenance. In some cases these administrators also take care of
construction of new infrastructure or improvement of the existent. Farmers are charged a flat
water tariff (per water share) to cover these administration costs. Failureto pay this tariff may
end up in not ddivering water to the farmer. Each administrator generally works with some

administrative personnel and with a team of water guards (celadores) who are responsible for
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water distribution in different areas. Guards are also responsible for communicating any
problems or break downs of the irrigation infrastructure or about complains or transgressions
by farmers’.

In graph 3.1 | displayed the evolution of the annual amount of water supplied to the regulated

area since 1972.
Graph 3.1.
Total Water Supply 1973-1997
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® In general, this system of private administration seemsto work well and with strong | egitimacy among
farmers. Water stealing is not really an issue in this valley and | did not hear much about that when |
was working there. Still 1 heard some complains about the administrators, especially from
small/marginalized farmers and in the context of athree-year drought and severe water scarcity. Water
tariffs, for instance, were also considered too high by poorer farmers, who claimed that even when
receiving a minimal amount of water they have to pay the same or even a higher water tariffsin 1996
and 1997. Thiseffect iscommon in irrigation system in which the administration costs are almost fixed
although annual water supplies are highly variable.



It can be seen that the average annual water supply is indeed 300 million cubic meters,
although with significant annual variability around this mean. It is important to note that the
average supply of water in the 1970s was well below the average supply in the 1980s. In the
1990s, the supply seems to be higher than in the 1970s but below the supply in the 1980s. The
severe drought 1995/97 explains most of the drop in average water supply in the 1990s.

Besides inter-annual variability in water supply, each canal association receives a different
amount of water each year depending on their water rights and the management of the stored
resource in the whole system. In graph 3.2 we see that the average endowment of water per
share between 1972 and 1997 was of about 8,000 cubic meters, but with important variation

both within and across water associations.

Graph 3.2.

Average Water Endowment per Share
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In terms of mean water per share, Huatulame, Camarico and Punitaqui have a higher mean
endovment, although with high standard deviation for the case of Punitaqui. Recoleta, Cogdi
and J.V. Limari show a lower mean water endovment with high standard deviation oy for
the case of J.V. Limari. This implies that even in this highly regulated environment, there are
important imperfections in the suppy of water suppy to each association.

Farmers have different water requirements each year depending on their crops chaice,
profitability, their rdative exdovments and specific ecological condtions (see Chapter 4,
ahead). There are different short-term options (versus longer term options) that farmers can
use to adjust their water endovments to their water demand. | describe some of the options

most used in the Limari-Paloma system:

Tubewells (pozos): this option is nat very common in this valley but was heavily tried during
the severe drought of 199597. Farmers dug wells using their own labor or hiring machinery
hoping to find goundwater suppies which are of open access In most cases, the obtained

water was nat sufficient to cover the requirements.

Intra-farmer water transfers; farmers with plots in dfferent areas of the irrigation system are
allowed to transfer water from oneto aher point. If thereis a change of water association, the
farmers transferring water must adjust their water losses acoording to the association in which

the water will be ddlivered.
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Water loans: some farmers (especially small) receive water from reatives in arder to cover
some shortages; reciprocity reations are important for some farmers although these practices

are nat very commonin aincreasingy commercialized environment.

Water trading: farmers can buy or sdl water from others in vduntary exchanges; farmers
must find their own trading partners (some water offers or requests are posted in the water
administration dfices); the price is bargained by the parties and there is no intervention d any
authority to regulate or tax these exchanges. When a deal is made, both parties dgn a legal
document (or in some cases a nate of mutual agreament) which is snt to the correspondng
irrigation aganization. If two crganizations are invaved, both are natified of the exchange.
The “water acoount” of each irrigator is adjusted to reflect the exchange. Water losses are
adjusted when the exchange is amongtwo water organizations'.

There are two types of water markets in Limari-Paloma: (a) trading d permanent water rights;
(b) trading d annual water endowvments (or spot market). High levels of regulation and clear
definition d water rights makes the operation d both water markets possble in the area.

The permanent market started early in the 1983 when the Chilean water legislation made
water trading a legal activity (seeChapter 2). Transactions of water shares amongfarmers and

from farmers and aher sectors (like urban o mining) have been common in this valley and

" |t seams that water exchanges and water transfers do not affed negatively the administration of water
resources in the valley. Given the large storing capacity of the system, water trades can be esily
accommodated by administrators without affeding operational procedures. It should be noted that
water exchanges in other environments may imply operational problems to administrators if water
claims are important enough to affed or break the scheduled water distribution. In my field work, the
administrators of each irrigation association did not find that the system of water exchanges and water
transfers were burden to most of their planning and implementation procedures.
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the price of water shares have increased constantly as economic development has been rapid

in the area.

M ean Water Endowment and 1995-97 Endowment
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The water spot market operates with variable intensity in different years. In general, in years
with abundant water supply (for instance, ailmost all the 1980s), the spot water market was not
active at all. There were some transactions but which were marginal and at very low prices.
During the severe drought of 1996/97 (see Grpah 3.3.) the spot water market operated very

intensively. A deeper analysis of how does this market work is presented in the next chapter.
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Chapter 4. The Limari Valley: Crop structure and Water Market

Operation

I ntroduction

In this chapter | approach the study area from two perspectives. The first one considers the
changes in crop structure in the last two decades. Particularly, | am interested in the interplay
between irrigation infrastructure and crop patterns. It is clear that the higher water control
achieved in the valley after the construction d the Paloma reservoir has had important eff ects
on the increasing presence of permanent crops in the Limari Valley. This does nat deny that
other factors, including policies, have influenced the changes observed in the highly
commerciali zed environment. Most of this analysis is presented in the first section.

The second perspective is more a cross &ction analysis. | analyze the current crop structure
using survey information. In the second section | describe the main productive features of the
Limari Valley. In the third section | focus on hawv the spot water market works. A first issue
there is how water prices have been behaving, particularly in the mid o the severe drought of
199697. Ancather isdle analyzed is the potential role of transaction costs in the behavior of
this market.

The fourth section focuses on the interaction between the water market and a crop structure of

the Valley, in which permanent crops occupy a prevalent space. This interaction is the main



issue to be analyzed with the theoretical modd developed in the next chapter (Chapter 5) and

the main basis for the estimations and results presented in chapter 6.

4.1. Recat Changes andthe Current Crop Sructurein the Limari Valley

The crop structure in the Limari valley changed dramatically during the 1980s and 199G as
farmers garted to install permanent crops instead o the more traditional annual crops (mainly
grains like wheat and maize) and livestock production. These changes are apparent in Table

3.1 comparing crop structure in 1985and 1997 when the Agricultural Census was carried aut

in Chile
Table4.1.: Changesin Crop Structure 1985-1997
1985*) % in total 1997(**) % in total
Basic 19.2% 1,892 5.204
Horticultur 3.9% 4,286 11.8%
Fruits 15.7% 16,074 44.3%
Pasture 61.2% 14,032 38.7%
Total 100.0% 36,284 100.0%

(*) Based onCepal ,

(**) Agricultural Census
As can be sea, high value permanent crops (mainly grapes) increased their participation in
the crop structure from 16 prcent to 44 percent. Horticulture also acquired greater
importance whereas basic grains and pasture decreased significantly. This dramatic change in
crop structure was possble due to the higher regulation d water resource which made

investment in permanent crops sfer and more prafitable.
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Some policies also favored the proliferation of permanent crops in Limari like the government
subsidy to investment in dip irrigation since 1985 The presence of the Pisco industry also
cortributed to the boom in permanent crops in the Limari valley. The resulting structure in
this valley was one in which high value permanent crops became the most important assets for

many farmers. | analyze the current structure in the foll owing subsection.

4.2. Describing farmers, their production technologies and access to markets

Based onthe producers survey® | carried aut in 1998in the Limari Valley (asking about the
199697 season) | classfied farmers using a typology d activities (or crops) that, from mny
own dbservation, is a good representation d what farmers were actually producing in the
199697 agricultural season. In this highly commercialized area, most farmers tend to
specialize in ore or at most two types of crops. Therefore, the typology is based onthe crop
of highest proportion in total production value. Using this criterion | have distinguished six

typical activities.

Livestack/traditional: this group encompasses an important group of cattle producers and a

few farmers who were cropping traditional crops like maize, beans or potatoes. It seems that in

8 The sample seledion for the survey was made according to the following criteria. Inside ech
organizaion | did not take a random sample from alist of farmers dueto financial limit ationsin term of
finding each sampled individual. Instead, | smulated random sampling for farmerswho were present at
their farm at the moment | todk the sample: starting a some point inside the irrigated area (stratum), |
interviewed farmers using a systematic round skipping close neighbars. This gives a sample which is
geographically representative for each irrigation organization. The main limitation of this sampling
procedure is that farmers who were not present at the moment of the survey had zero seledion
probability. The procedure also excludes farmers who, at the moment of the survey, have had
abandoned production or were not living at their farms.



51

the past livestock was much more important in the Limari Valley; in 1997this activity was nat
very important due to dminished profitability and water shortages; however it still had some

presence both as a speciali zed activity and as complement for some types of farmers

Horticulture/lnvernadero production: these crops include mainly artichokes, pepino dulce,
tomatoes, green peppers (morrones) and hd chili pepper (aji). In this group many farmers use
“invernaderos’, an gption in which plants are covered with a plastic structure creating an
artificially protected environment. When invernaderos are used generally the irrigation
technique is drip and the size of the “plots’ is gnall (the operated median size for farmers
producing exclusively under invernadero is 0.2 has). There are few exceptions of large
farmers using invernaderos in some small part of ther land. Renting and sharecropping are
important for this activity.

Pisco grapes and avocados: these are permanent crops (trees) which lives between 15 and 20
years (sometimes even for 30 years); farmers who chocse this option face a high initial
investment (trees dart to produce after the second year) and a decision regarding the varigties
and density of trees in ther land; after that the main costs come from maintenance of the trees
until these are no longer profitable. Most of the grapes produced by this sctor are processd
by local pisco industries, concentrated on two big private firms: Pisco Cape and Pisco

Control. The avocados, onthe other hand, are sold in the local market.

Export grapes. these are also trees but of extremdy high value (usually these trees are of

shorter time span than pisco grapes, and can start production after the first year) which are
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almost exclusively exported to U.S. and Asian markets. Currently, large commercial firms are

predominant in all the production process cropping, packing and exporting the grapes.

4.2.1 Geographical distribution

The clasdfication d farmers gives me the following dstribution acrossirrigation asociations:

Table4.1: Typology d farmers by irrigation sector

Traditional Horticulture Pisco Grape Export Grape Total

Recoleta 4 26 19 1 50
8% 52% 38% 2% 100%

Camarico 6 > 12 / 30
20% 17% 40% 23% 100%

Cogot 1 9 26 36
3% 25% 72% 0% 100%

Limari 3 10 13 1 27
11% 37% 48% 4% 100%

Huatulame 12 3 16 31
0% 39% 10% 52% 100%

Punitaqui 10 L / 18
56% 6% 39% 0% 100%

2 1 3

Other 0% 67% 33% 0% 100%

Total 24 65 81 25 195
12% 33% 42% 13% 100%

Source: 1997 Survey in Limari Valley

As can be see, the different sectors have alternative degrees of specialization in the activities.
Cogdi, for instance, is highly oriented to pisco grapes production, whereas Huatulame has a
clear orientation to export grapes. On the other hand, Recoleta is a sector in which

horticulture leads farmers' options, whereas Camarico tends to have the more diversified



structure in the irrigated area. The poorest Punitagqui area kegps producing more traditional
activities as expected, although pisco grapes are important for some larger producers entering

this small zone recently.

4.2.2. Farmers' features

If we observe the differences across our four “types’ of farmers in some of their specific

features (like elucation, experience, family size), we can see that there are nat dramatic

diff erences:
Table4.2: Farmers features and assts

Traditional ~ Horticulture  Pisco Grape Export Grape Total
Age (years) 57 51.7 55 57.9 54.3
Years of Education 5.4 7 8.1 7.5 7.3
Experience (years) 35.9 29.9 34.7 37.7 33.4
Family size 6 4.84 5.22 4.93 5.16
Corporation 0% 2% 10% 36% 9%
Rent in land 17% 26% 7% 8% 15%
Rent out land 8% 6% 4% 0% 5%
Operated land (Has) 17.1 17.2 41.4 40.1 30.2
Owned land (Has) 15.8 11.3 38.7 39.9 26.9
Water endowment (m3/Ha) 2122.7 1616.7 2543 1662.5 2059.9
Family labor endowment 2.5 2 2 1.7 2
Livestock value (,000 Pesos) 1485.3 465.5 779.7 0 665.3
Tractors 1.33 1.18 1.8 2.59 1.8
Animals 1.4 1.89 1.78 1.33 1.77
Pumps 1.11 1.17 1.3 2.14 1.41
Wells 1 1.1 1.17 1.54 1.19
Water storage 29% 42% 54% 56% 47%
Drip irrigation 1% 19% 16% 84% 24%
Invernadero 0% 22% 5% 12% 11%

Source: 1997 Survey in Limari Valley
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Perhaps the most important fact is that corporations are important only in the case of export
grapes. In this activity there is gill some family farming, but it has lost a lot of presence (in
terms of area) to corporations which entered the valley first in the processng and exporting
business and which have aggressvely moved to farm production more recently. In maost of all
other cases we observe the predominance of the family farm or of the medium/large farmer
living and managing his own farm. Thisiswhy farmers’ features tendto be nat very diff erent.

In terms of the farmers’ years of education, we observe that traditional farmers have the
lowest level (with an average of 5.7 years, below the seven years of primary education). In
terms of experience and family size (which are generally correlated), we seethat horticulture
producers ow significantly fewer years of experience and smaller family size than the rest of
producers. The smaller family size of this group reflects the higher presence of
sharecroppers/renters in this activity, which tend to be younger. Precisdy, Table 4.2. also
shows that renting and sharecropping appear to be much more important for horticulture
production. Pure renting is also important for some small livestock producers, who are

landessbut rent land with pasture for the season.

4.2.3. Production assets

More clear differences among aur types of farmers appear in productive assts (thase which
are under their control and/or ownership). In terms of the mean gperated and mean owvned
land, thereis an increasing relationship (in the means) amongactivities.

The ownership of water per operated hectare does nat sean to be highly different across

farmers. Farmers with the lowest per hectare water endovment were those who dd nd have



55

any production that year (with a mean well below the rest). Also, we see that both traditional
and pisco/avacado producers have ardatively higher water endowment than the rest.

In terms of tractors, export grapes producers have the higher leve for these assets. Animal
traction has the reverse presence across the types. Livestock value is important for traditional

farmers and complementary for the other types except export grapes producers.

4.2.4. Irrigation assets and techniques

Regarding irrigation assets and technique, Table 4.2. shows that the ownership of pumps,
wells and small private water storage devices (estanques) are highly corrdlated to drip
irrigation. According to the Table, 24 per cent of the surveyed area was under drip irrigation
(this technique assures an efficiency above 90 per cent in application, i.e. plants receive 9
from 10 units of water applied, and a very efficient use of fertilizers and pesticides as wdl).
In the case of export grapes, the proportion of land under drip irrigation was 87 per cent, with
19 per cent in the horticulture group and only 16 per cent for pisco/avocados. It is clear that
drip irrigation is highly corrdated to crop value and profitability. Access to long term capital
is crucial for adoption as this technique requires a large initial investment. In the case of
farmers with invernadero, who also show an intensive use of drip irrigation, it was observed
that their use of drip irrigation tends to be manual instead of computerized as is the case of
export grapes producers.

Drip irrigation seems to be so crucial in the Chilean context that the government implemented
a program of subsidies to those farmers investing in this technique in the mid 1980s. The

government offered between 45-55 per cent of the cost of investment, and farmers had to
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cover therest. The system was based onannuals contests in which farmers off ering to finance
more of the project gat more points in the general score. At the beginning d the 199Gs the
program was extended to include also small farmers which were previously excluded from the
program (in practice the program excluded small farmers as they could na finance much o
the projects and because they could nd cover the cost of the technical research required by the
government). More discusgon about this program beow when | analyze accessto credit and
subsidies.

In all the rest of activities the irrigation technique used by farmers was farrow (“surcos’ or
“melgas’ in Spanish) and in the case of livestock, floodngirrigation (“tendido’) and the least
efficient is also important for pasture. The estimated efficiency in water application d farrow
irrigation is between 40 and 50 percent, whereas for floodng is as low as 1520 percent. It is
necessary to mention that the costs of these alternative irrigation techniques are very diff erent.
Computerized drip irrigation can cost about US$ 2,500to US$ 3,000 per hectare. Manual drip
will require a much lessr amount (although | do nd have the figure), whereas farrow
irrigation orly requires labor or machinery to build the farrows at the beginning d the season.
In many cases this cost per hectare is low. The same for floodng, which basically is applied
to pasture (pasture can hardly be farrowed).

As | said, the ownership of other irrigation assts is highly related to irrigation technique. For
instance, it is very likdy that a farmer using computerized drip irrigation will have a water
storage device (“estanque’) and several water pumps. Livestock producers (especialy large)
are also very likdy to have water storage which is crucial for cattle The presence of
groundwater wells (“pozos’) was rdatively new in the Limari valley and was tried by many in

order to improve their water endovment after several dry years. Most of these, however, had
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very low yields, and in many cases were nat used at all. It seams that the areais nat very rich
in groundwater resources or that these are located too ceep to be econamically useable.

Regarding the presence of invernadero, it is most important in the horticulture group.

4.2.5. Differencesin Input use

Differences in per hectare input use across farmers may reflect differences in production
techniques, sKkills, reative prices and reative nonmarketable endovments of farmers in a
context of imperfect markets. It is likely that a combination d all these may explain the large

dispersion doserved in factor usein our sample fromthe Limari Valley (seeTable 4.3.)

Table 4.3. Input use and accessto credit by type of farmer

Traditional Horticulture Pisco Grape Export Grape Total
Cropped area 1997 (Has) 48 52 13.7 298 119
Cropped area 1996 (Has) 11.7 6.7 14.1 29 13.3
Lost area 1997 {Has) 0.2 06 04 04 0.5
Lost area 1996 {Has) 77 0.3 1.2 06 1.6
% cropped area 1997 58.9 45.3 55.7 80.5 56
Applied m3/Ha 4165.1 8509.1 7366.2 2877.3 67869
Tractor Hours/Ha 2.7 1.1 g 23.5 7.2
Input expenditure/Ha 56.5 209 66.4 199.8 1208
Contract farming 0.04 012 072 0.64 042
Applief for credit 0.33 0.52 0.3 012 0.36
Got credit 0.29 0.43 0.25 0.12 0.3
Credit from INDAP 0.21 0.34 0.06 0.04 017
Applied for drip subsidy 0.08 0.14 0.24 0.28 0.19
Got drip subsidy 0.04 0.06 0.16 0.04 0.1

Saource: 1997 Survey i limari Valley
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A first important observation (which related to water use beow) is that there was significant
differences in the ratio of cropped/operated land across types of farmers. Horticulture
producers were those who used the smallest proportion of their total land (only 45 per cent)
whereas export grapes producers cropped a 81 per cent of their operated land. It is clear that
farmers are more able to adjust cropped land in the case of horticulture than in other
activities, depending on different crop water requirements.

Regarding water use per hectare, we see that horticulture is the most demanding activity,
followed by pisco-avocado production. Export grapes show an extremdy low level of water
use pe hectare, explained by the high efficiency of drip irrigation.  Livestock/traditional
production, on the other hand, has a relatively high level of water use per hectare even if its
profitability is low. These differences in water use per cropped hectare across groups can be
contrasted with the rdatively equal distribution of water per operated land endowment |
mentioned before.  This means that farmers are ether adjusting land (reducing cropped land)
to their water endowment or using the water market to complement their different crop water

requirements. It seems that whereas an important part of the horticulture producers were

doing the former (they showed a low ratio of cropped land to operated land), pisco-avocado

producers were doing the latter (low adjustment but important use of the water market). |

return to this point in the description of water market participation.

Regarding the use of machinery services and other inputs (fertilizers, seeds, pesticides) both
pisco-avocados and export grapes are the most intensive users of machinery, showing that
these crops are capital intensive activities. In terms of expenditure on chemical inputs, besides

the expected high use by export grapes, horticulture demands a high expenditure of these.



Pisco-avocado producers, on the other hand, show a rdatively low level of input use per
cropped area.

In general, more than dff erences in market factor prices (which are minimal for this localized
crosssection survey), what seans to be driving the heterogeneity in input use are differences
in crop production techndogies, skills and water/labor endovments in a context of imperfect

labor and capital markets. | discussa little more onthe credit market next.

4.2.6. Accessto credit and subsidies

Farmers can ¢at liquidity for production from three alternative sources. cortract farming,
financial institutions and their own resources. In the Limari Valley we observed that diff erent
types of farmers have different patterns of accessto liquidity. In terms of farm cortracting, it
is observed that practically all or most of the producers of pisco-avocado have a cortract with
the local processng industry (seeTable 4.3). The pisqueras firms garted to goerate about 15
years ago basically promoting the installation d pisco grapes offering contracts to buy the
grapes at pre-season regatiated prices each year. Farmers only neel to find the start up capital
for the trees and wait the third year in which grapes gart to produce.

It seams that in the last years these contracts have become less attractive to farmers as the
relative price of pisco grapes has dropped and some costs (especially water) have increased
steadily. In any case, the income stream that these type of contracts asaures the farmers seans
to be enough for them to avoid the use of financial credit in most cases. Only 30 percent of
these producers applied for credit in 199697 (Tale 4.3.). The sameis true for export grapes,

in which orly 12 percent applied for financial credit. In this case, most commercial firms
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operating in this activities (some of them international corporations) have their own sources of
financing both damestic and foreign. In maost cases we did nd have accessto the information
regarding credit operations from these firms.

A very important observation is that access to financial credit seems to be crucial for
horticulture producers. In these alternatives (in which farm contracting is nat common), a 52
percent of farmers applied for financial credit and 43 received it. In this activity INDAP (the
government credit agency for small producers) has played a central role in providing credit, as
in the case of Livestock/traditional producers (29 percent of them applied for credit and 21
percent of them received credit).

In terms of accessto the irrigation subsidy promoted by the government, the most important
observation is that the pisco/avocado group was by far the most benefited by this subsidy. 16
percent of farmers in this numerous group received this subsidy, which sean to be the only

way these farmers can invest in drip irrigation.

4.3. The workings of the spot water market in the Limari Vall ey

| already mentioned in Chapter 3 that a very active (spot) rental market operates in the Limari
Valley, especially during ay years. This market has been active since the 198Gs, but started
to become more important in the 199Gs, after the Valley accommodated much more valuable
and commercial crops like pisco and export grapes. It also cortributed to this increasing

importance the fact that the 1990 were drier than the 19805 (seeChapter 3).
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4.3.1. Price behavior

Water associations keep a record of water transactions. These records basically account for
the quantity of water traded. In many cases the records also includes the price set by the two
involved parties. | used this information to build a time series of water prices since April 1994
to May 1997. In Graph 4.1. it is displayed the monthly evolution d the mean price for water
and its dandard deviation in the Limari Valley taken from records of threewater associations:

Camarico, Recoleta and Cogdi.

Graph4.1.

Mean monthly water prices and standard deviations
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As can be see, there was a significant rise in prices in 1995 but this trend accderated during

1996 wtil its had a peak in October 1996 in which average water prices were about 80 pesos
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per m3, a price never sean by farmers in this area (inflation was very low in Chile during these
years, about 5% annualy).

In Graph 4.2. | estimated norrparametrically the implicit density function for the price series
depicted in Graph 4.1. It can be seen that the price distribution tends to be bimodal, i.e. that
spot market prices tend to be highly volatile gaing from low to high prices as one can expect

from rigid water demand schedules.

Graph 4.2.

Water price density
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It is important to be cautious about the nonparametric estimation. It must be considered that |
used a shart time series of prices for the estimation, accruing to nomore than four agricultural
seasons, from which two had a severe drought affecting the water market. Thus, we canna
make strong inferences about the stability of this estimated dstributionin the longrun. In any

case, the estimation suggests that based onthis dhort term period the farmers in Limari face a
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water market with volatile prices. This market behavior will be analyzed in detail in more in
the last part of this Chapter, and it will become the main object of study for this dissertation
(see Chapters 5 and 6). Despite this high variability in water prices, | am also interested in

discussing how well this market may work in terms of transaction costs.

4.3.2. Water market and transaction costs

In my fiddd work | heard a lot about the problems small farmers faced in terms of accessing
the water market (be as sdlers or buyers) during 1996, especially amidst the driest months of
October-December.  Graph 4.1. also indicated high variance in water prices, especially when
prices started to escalate in 1996. This may be taken as evidence of high transaction costs in
this market, as water is a highly homogenous resource for which one would not expect
significant differences in quality or other attributes affecting prices.

In order to inquire more about transaction costs, | took the price series and ran a regression of
the log of water prices on the log of the quantity of water traded, as well as other variables like
time and time squared and association dummies. The results are shown in Table 4.4.

The significant coefficient on quantity of traded water indicates that sdlers supplying higher
volume of water can get higher prices with an dasticity of 3.2%. This is consistent with the
presence of fixed costs in water transactions which tend to promote more bulkier transactions.
This implies that in order for small farmers to buy water, they need to coordinate to find a

large sdler. In one case, the administrator of Camarico was trying to organize one of these
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transactions but he could not make the operation as there were collective action problems

among the many small buyers.

Table4.4.: Regression of prices on traded water

Number of obs 271
F( 5, 265) 217.3
Prob > F 0
R-squared 0.80
Adj R-squared 0.80
Root MSE 0.36

Coef. Std. Err. t P>t [95% Conf. Interval]
log(volume m3) 0.0324 0.0177 1.83 0.07 -0.002 0.067
time 0.1206 0.0110 10.97 0.00 0.099 0.142
time2 -0.0012 0.0003 -4.49 0.00 -0.002 -0.001
Camarico -0.0047 0.0775 -0.06 0.95 -0.157 0.148
Recoleta -0.2215 0.0869 -2.55 0.01 -0.393 -0.050
Constant 1.1485 0.2003 5.73 0.00 0.754 1.543

4.3.3. Water market participation andfarmers” type

One of the limitations of the producers survey | applied is that it was based on farmers who
were engaged in some form of production in 1996/97 (see footnote 1 in this Chapter).
Farmers who sold out all their water endowment do not appear systematically in our sample
(with few exceptions) and we do not have much information about them. Although this will
not affect much the information about the demand, this will bias the view of the supply side of

the water market as the sdlers that we observe are those who stayed in production. Even
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considering this limitation, we had a good level of market activity in both demand and supply

sidesin our sample (see Table 4.5.).

Table4.5: Water market participation by types and associations

Traditional Horticulture Pisco grapes Export grapes Total

seller buyer seller buyer seller buyer seller buyer seller buyer
Recoleta 0% 0% 19% 31% 5% 2% 0% 0% 12% 32%
Camarico 0% 67% 0% 20% 8% 67% 14% 43% 7% 53%
Cogoti 0% 0% 22% A% 19% 35% 19% 36%
Limari 0% 0% 0% 20% 8% 23% 0% 0% 4% 19%
Huatulame 0% 0% 0% 0% 0% 0% 0% 19% 0% 10%
Punitaqui 0% 10% 0% 0% 14% 0% 6% 6%
Total 0% 21% 11% 23% 11% 35% 4% 24% 9% 28%

Source: 1997 Survey in Limari Valley

For instance, 9 % of the surveyed farmers were net sdlers of water in 1996/97, whereas 28%

were net buyers during the season. The mean net purchase water was of 9,632 cubic meters.

The mean water price paid or received by farmers in the valley was of 53.2 Pesos per cubic

meter. There was significant variation across the different farmers, depending on transaction

costs and other production-related variables.

The highest level of water demand was observed in pisco-avocado farmers (with the highest

number of buyers, 35%). All other groups had a similar participation in the demand side with

an average of 23% of farmers buying water in 1996/97.

In the case of export grapes, the

average size of water purchases was much larger than for the rest, purchases made basically

by large agro-export corporations at very high water prices (about 80 Pesos per cubic meter).
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4.4, Main features of the water market in the Limari Valley. motivating a micro-ecmnamic

andysis

In this sction | will rdate this information focusing on econamic variables that | think are

crucial to understanding the functioning d the water market.

4.4.1. Profitahility and sunk costs

In Table 4.1 to 4.3. we observed a lot of heterogeneity among farmers and across alternative

crop techndogies (input use, production assts and accessto markets). The fact that the data
was taken at the end d a severe drought gives me a unique opportunity to doserve diff erent

“reactions’ to extreme water shortage. The following table describes different strategies to

this stuation:
Table 4.6: Main changesin 1996/1997
Producers Mean Hasin Mean Hasin Change Net
1996 1997 96/97 Buyers
Livestock 119 49 - 60% 24%
Horticulture 9.7 7.2 - 26% 25%
Artichoke/pepino 122 7.2 - 41% 25%
Pisco grapes/avacado 128 13 + 2% 38%
Export grapes 335 34.2 + 2% 24%

Souce Suveyl1997
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It is clear that producers of pisco grapes/avocados and export grapes did na find profitable to
reduce the cropped area in the mid o the severe drought. In cortrast, the rest of producers had
a drastic adjustment in their cropping area under the expected water scarcity in 1997 Thisis
also corfirmed by the participation in the water market. Whereas pisco/avocado producers
had the highest proportion d net water buyers in the sample the other groups have much lower
participation in the demand side of the market.

This indicates that the group of pisco grapes/avocado producers had to sacrifice their short-
term profits (i.e. lower productivity and acoept lower prices from the local Pisco industry)
when faced with the drought. This was nat the case of the export grapes producers, who were
able to ke the same cropping area and profitability given their superior irrigation techndogy
(drip irrigation) and exogenous (foreign) market demand. The rest of farmers (and crop
techndogies) were able to adjust more their cropping area to avoid loosing short-term
profitabili ty.

These observations suggest that pisco grape/avocado producers faced a situation in which the
long run losses from water shortages were higher than the shart-run losses in profitability.
This behavior by pisco/avocado producers can be eplained (if we keg the assumption d

econamically rational behavior) by the presence of significant sunk costs in the crop

techndogy and some sort of minimium water requirement that the trees neal for being viable

inthelongrun®.

% If trees can beirrigated with any littl e amount of water and till be ali ve, we would observe lesswater
demand from their owners. The observed rigidity in water demand of pisco/avocado producers suggest
that they have a crop technology with some sort of “discontinuity”. Below some minimum water
requirement per hedare they may loase their whole plantation (I think this “discontinuity” is a feature
of any living being, including trees, consuming energy from the eavironment).
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Now the question to explore is how this stuation may affect the functioning d the water
market in the Limari Valley. From an introductory textbook like Varian (1992 we know that
in a “world” in which the input requirement set is convex and the production function hes all
the necessary niceties like constant returns to scale and no externalities we can expect that
market exchanges in a nonproduced but essntial input (like labor or water in this case) will
generate a Pareto efficient alocation (by the way, equilibrium prices are completdy
independent of preferences and endowvments, see pp. 354355. The observed situation
suggests that the input requirement set for pisco/avocado producers is nat convex, and ore of
the main assumptions is broken. One wondxs how the water market may work if this

asuumption daes nat had.

4.4.2. Water price distribution and non-convexities

If sunk costs and norconvexities are important in the crop structure in which the water market
operates we can expect that these features readily affect how the water price is formed,
especially when water supgdy is binding for many producers (or when their water endovment
is below the minimum requirement). This stuation was observed in the Limari Valley during
the drought of 199597 (seegraph 4.1.) which triggered an activation d the spot water market
that was nat seen in the valley since this market appeared in the early 198G, The bimodal sort
of water price distribution seen in Graph 4.2. also confirms this peculiar behavior for this
market.

In 1997 most farmers did na imagine that the price of water was gaing to end up that high

(between 50 and 120 Pesos per cubic meter, depending onthe area and period) as they were



used to 3 to at most 10 Pesos per cubic meter (as | said before, in Chile inflation was very low
for the whde decade, lessthan 5 percent per year at most).

The escalation o water prices in 199697 observed in graph 4.1. reflected the fact that the
suppy of water for that season was about 200 milli on cubic meters (see Chapter 3) , i.e
almost ore third less than the normal amount. This stuation was even more complicated by
the fact that water losses due to conveyance are a fixed quantity (sort of a fixed cost), so the
avail able water to farmers was even lower™.

What we saw was that the price of water was extremey volatile in the October 96-March 97
peiod. This is the part of the year (summer) in which water demand is higher and farmers

face the decision d keeing production a locsing it altogether. | hypothesize that the main

cause of this water pricet! behavior is related to the role of pisco/avocado producers and their

nonconvex crop techndogy. Ther willingressto pay for water was very large when faced

with the posdbility of locsing their plantations altogether. Alternatively, | hypothesize that if

pisco/avocado production were nat so important in the valley (41 percent of producers in my

19 For instance, in Remleta and Cogoti, where generally a water share in a dry year gives farmers an
endowment of about 2,500t0 3,000 cubic meters, for the 199697 season these were below 1,000 cubic
meters. Most farmers were severely affeded by water shortages, espedally in Remleta, Cogoti and
Punitagui.

1 The operation of the water market in Limari-Paloma in 199697 was not freeof externality-related
problems (see Chapter 1 for a discusson of these problems in the literature). For instance the J.V.
Limari was the association which more water sold out to irrigatorsin other associations. However, the
J.V. Limari farmers who did not participate in the exchanges complained that they were affeded as a
lower flow was délivered in their sedion. Water transfers from Limari were banned by the diredorate
of thisassociation in September 1996 (although there was no legal basisfor this ban), but the restriction
was lifted in November of that year in the mid of increasing presaure from powerful sell ers and buyers.
It seans that this restriction in the JV Limari was also a cause of the huge price increase between
October and November of that year (seegraph 4.1).
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sample a more than 40 percent of area in the recent Agricultural Census), we would nd
observe this extreme variabili ty in the price of water.

The other important question that arises from this initial exploration is what may be the
implications of this “odd’ behavior of the water market in the allocation decisions of farmers

inthelongrun.

4.4.3. Water market, coordination failures and allocation efficiency

| propose that farmers in the Limari Valley face a coardination problem in their decisions to
install permanent crops like pisco grapes. The importance of this type of problem was already
suggested as promising area of research at the end & Chapter 1 when | discussed the
theoretical contributions of the “econamics of information” to irrigation problems.

In a world without this problem, farmers' decision to install permanent crops would na aff ect
the distribution d water prices in a way that have allocation implications (in a general
equili brium framework indviduals' decision always affect prices, but these dfects do nd
have any interesting allocation implications). In the case under study, it seams that more
farmers installing permanent crops have already generated a price distribution with too high
variance. This type of price distribution may na be conducive to more investment in

permanent crops in the future, reducing the prospects for econamic development.
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Chapter 5: A Micro-economic Model of Coordination Failures and

Water M arket Dynamics

Introduction

In this Chapter | will focus on a particular case of coordination failure in the context of
decentralized action in which a water market relies. This is not a central limitation for the
functioning of a water markets per se, but can reduce its efficiency gains versus other
alternatives. | will analyze the problem arising from the covariate nature of water supply
shocks across farmers sharing the same irrigation system, which are transmitted in specific

ways to the market water price distribution in the context of specific crop technology.

The basis of the coordination failure is informational and technological: farmers must decide
the type of crop (and technology) they install based on a given water price distribution which
is changed over time by those decisions. As farmers are unable to internalize the social costs
of those decisions, we have coordination failure regarding crop choice and investment. In
particular, | explore this type of problem when farmers decide to install permanent crops with
non-convexities in the production technology. A permanent crop is generally more profitable
than a non-permanent crop but also riskier with respect to water shortages as the lost of the

crop is very costly.

The Chapter is divided into four sections, conclusions and two appendixes. The first section
describes the main components and assumptions as wel as basic notation of the two-period

modd. The second solves the maximization problem of risk neutral farmers in the second
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period, which gives the basis for getting individual net water supply functions (these are used

to simulate water operation dynamicsin Appendix V.1.).

The third section goes back to the first period decision problem to see how farmers may fail to
consider the impact of their decisions on the distribution of water prices. Also, | consider how
specific shifts in the price distribution may affect the incentives for land use and for crop

choice.

The fourth section compares aggregate output and profits in four allocation alternatives. (a) no
water market and no non-convexities in crop production; (b) no water market and convexities
in production; (c) water market and no non-convexities in crop production, and (d) water

market with convexities in crop production.

5.1. Moddl’sfundamentals

In this section | describe the main features of the modd: type of decisions involve; the timing
of these decisions; the information and preferences farmers have as well as the technology for

crop production.

5.1.1. The time framework for dedsions

There are two periods characterizing one agricultural season. In the first period farmers
decide about the crop to install (or to keep if it is permanent) and the total water and land
endowment to assign to it given an exogenous market price or opportunity cost for each
resource. When taking these decisions in the first period, farmers know their water and land

endowments but not the water price in the second period.



At the onsat of the second period water price is realized. Then farmers decide the amount of
water to use in production and water is the only variable input of production, so total output is
determined. Land daes nat have rental market value during the second period but it has sles

value at the end d the period.

5.1.2. Crop choice, risk preferences and technology

Crops will differ in three parameters: (a) minimum water/land requirement (6); (b) crop price
(P); (c) land value at the end d second period (h). The crop mix chaice set, C, will be defined
as C = {sin R1+, such that 0 < s < 1}. The cortinuous decision variable “s’ in [0,1] will
characterize the crop mix the farmer will put into production. A farmer with s=1 will i nstall
only permanent crops, whereas a farmer with s=0 will i nstall only seasonal crops. Different

crop mixes will set “s’ between 0 and 1.

The value of “s’ (i.e, crop mix) will be mapped orto autput price, minimum water
requirement and per hectare land value by the monatonically increasing functions P(s), 6(s)
and Ns); P(9)>0, P'(9)<0; 8'(9)>0, 68”(9)<0; h'(s)>0, h"(s)<0. This natation implies that it
is posdble to index crop mixes © that increasing “s’ implies increasing autput prices, higher

minimum water requirement and larger land value all at a decreasing rate.

The function K.), per hectare value of land, is related to specific features of the crop mix. In
the case of a permanent crops (like fruit trees) the land value will be the present value of the
expected income stream in its relevant time harizon. If a permanent crop dies due to water
failure, the farmer will nat receive that income stream or would nd be able to sdl his land

with that embedded return, with a large drop in land value. For nonrpermanent crops, there
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are also some losss in land value when the farmer decides to leave production at all during

one season but these are much lower than with permanent crops.

With respect to risk preferences, farmers are assumed to be risk neutral, so they only care
about expected returns from water and expected land value in the second period. Farmers
canna save water for the future so their are constrained to consume what they have for this
period*2.

The main feature of the techndogy for crop mix production is a minimum water requirement
constraint. If a farmer is nat able to apply enough water for his chosen crop mix in the second
period (i.e. to med the minimum requirement), he looses all the crop and production is zero
for the season. Beyond the “minimum requirement” threshdd, the production function for
crop mix displays gandard properties of a constant returns to scale (CRS) production function
with dminishing returns to water for the fixed (in second period) amount of land. Thus, for
the nonregative water intensity variable “q,” (water/land) and the minimum requirement

parameter 0 theyidd function y(.) is defined as (seeGraph 5.1):

) ={ g(q,) with dgldqg, > 0;0%gldq,” < 0;if g, =6

1
(1) (@, 0 otherwise

12 As| mentioned in Chapter 3, farmers could save water for next season in the Limari Valley if they
wanted, but the penalty for this was between 15 to 20%, depending on the asociation, so this practice
was very limited. This high penalty was associated to estimated evaporation losses and managerial
complications regarding the allocation of savings. This topic will be addressed when | discuss
dternatives to improve the workings of the spot water market in Chapter 7.



Graph 5.1.: Production Technology

Yield (prod/ha)

y(%)

0 Op, Water intensity

This function is discortinuous and right-differentiable at the minimum water per hectare

(m3/ha) requirement point 0.

Risk neutral farmers ®e&k to maximize epected profits. As the first period requires that
farmers form a water price expectation, | start describing decision making in the second period

in the following section. Afterwards | will develop decisions onthefirst period

5.2. Second period optimal decisions

Consider the second period water use decision for a farmer who hes installed a crop mix “s;”

(in the first period) assgning positive amounts of land (T,) and water (A,) for it. The decision
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problem in the second period is to maximize total prafits plus land value h(.) at the end d the
season. Due to the minimum water requirement, there are two alternative regimes for profit
maximization, dependng onwhether the farmer exits production in the second period a na.

Denate profits by the foll owing function:

MaX;qz [P(s)T19(0R)] + P2" (A1 —0eT1) +h(s)T1 st. g = 6(sy) if not exit

() =

p."A; + h(0)T, if farmer exits production.
In the natation, h(0) < h(s,) for all 5,>0 indcates that by loasing the crop, the value of land is
equal to the case in which there is no permanent crop at all. In order to evaluate whether it is
optimal for a farmer to exit production and loase the crop in the second period we nea to
know the maximum profit he can gat from production gven the parameters and the water
restriction. Denate Tt nonext 10 the maximum profit value function when the farmer does nat
exit production. The farmer exits production if and ofly if Tt noneqt < P2"A1 + h(0)T.. This

condtionwill determine an “exit threshdd’ for the farmer.

Now for calculating the profit value function | look at the optimal condtions using the

following Lagrangian function:

L =[p(s)T9()] + P2" (A1 —T1) + h(s)T1 + A(ck - 6(sy)
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where A is the nonregative Lagrange multiplier of the minimum requirement constraint. The

condtions for optimality (assuming second ader condtions are met) are:

(2.1) [P(s)0g/0 - "] + 1 <0
(2.2) {[p(s)ogloce - p"] + p} =0
(2.3) % - 6() >0
(2.4) [Ce- 6()IH =0

where p= A/T,, the per hectare shadow cost of the minimum water intensity constraint.
Condtions (2.1)-(2.4) describe the eonamic rules maximizing farmers will follow when they
do na exit production (i.e. condtional on the nonexit regimeg). The first two condtions
describe the trade-off the farmer faces between generating profits from production and

meding the minimum water constraint.

For a farmer for whom the minimum water constraint is nat binding (U"=0), the maximization
condtion requires equalization d water intensity marginal product to the market price for the
resource. In contrast, a farmer for whom the minimum water constraint is bindng (u~>0) has
two options; (i) kegp producing even if the marginal value product of water intensity (set at
the minimum) is lower than the water market price (the positive shadow cost of the water
constraint is U= - p," + P(s1)dg/dq, ); or (i) exit production asuuming a lossin land value of -

k(s)T1 with k(s1)=-[h(s.)-h(0)] and K <0, k" >0.
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These condtions are depicted in graph 5.2 for per hectare direct profit function Te(gp,p.") =
p(s)dgdq, - p."; as a function d water intensity and for three hypothetical and increasing
water prices. As water price increases, this function moves up in the north-west direction
(higher per hectare profits). At some point it becomes optimal for the farmer to set water
intensity equal to the minimum water constraint. In that case the farmer must consider if he

wants to continue producing with negative marginal returns from water intensity or abandon

production.
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The «it decision depends on the net returns from exiting, which are represented by the three
straight harizontal lines in the graph. As water price increases, exit net returns also increase.
At some point, the it option is more attractive to the farmer, and re will prefer to sdl his

overal water endovment and exit production.

Now for deriving the condtions under which a farmer optimally sets water intensity at the
minimum requirement (call it the “binding’ threshod ) we need that 01700}~ < O i.€. When
the marginal return from water intensity (evaluated at the minimum requirement) is negative®.

Devdoping this condtion we have:

0TVO® k-0 = P(S)Y'(8(s1)) — 2" < 0> " 2 p(s))g'(6(sy))

Now for the &it condtion (call it the “exit” threshadd) it is required that profits from exiting
must be higher than profits from staying in production at the minimum requirement. This

condtionis given by:

P2"A1 + K(s)T1 > p(s) T19(8(s)) + P2 (A1-6( s1)T4)

= 02" 2 [p(s)a(B(sy) + k(s1)]/6(s)

So, the foll owing two threshdds are defined :

13 A farmer for whom 91700,)4x-6 > O will never set the optimal use of water equal to the constraint ashe
can get more profits from increasing water intensity.
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) P2"bina(S2) = P(S)Y'(B(S1))

(4) P2"edt(S1) = [P(s)9(B(s)) + k(s0)1/B(s1)

As can be see, under CRS both threshdds depend ory upon s;, the crop mix chasen by
farmers. The differentials of these two threshdds with respect to s, also depend upon s; and
the curvature of the functions p(.), k(.) and 6(.). Itistimeto returnto thefirst period decision

processin which farmers st the crop mix.

5.3. Thefirst period decision problem

In the first period farmers ek to maximize epected profits (including land value) choasing
the amount of land and water endowvment they want to devote to production as well as the crop

mix for the season:

(5) Max {ALT1sl) E[T[z* (Al,Tl,Sl, —5;” )I information] - plwAl— r1T1

st. 0<A; 0<Ty; 125=20;

where p,'is the randam price of water. | assume that the randam variable p,'in [O,M] is

generated by the probability density function f(p;’ le(s';9)), where the condtioning function
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@(.) denates hifts on the density function which in turn depends on all individual decisions

regarding crop choice that aff ect water market price.

Note that in this first period farmers are nat restricted by ther initial endovments of water or
land (from above) because they can buy land a water at the market prices if that is optimal for
them.  Only nonregative constraints apply to these variables. Using integrals, the

maximization problem becomes:

b

Max [ ,()f(Py .©dpy + 1[n;(.)f(ﬁz” ;0)dpy

{A1,T1,51}

M
+ j [Py A+ h(O) T f(P, ;@d Py — pi"Ar—11T,

st. 0<A; 0<T1:12s=20;

where “b” and “€’ are the binding and exit price threshdds respectively. The Kuhn-Tucker

condtions for this problem are:

b e
(6.) 1[an;(.)/ oT, f(Py ;@) dpy + 1[ o, (.)/ 9T, #(P; ;®d P,

M
+ jh(O) f(p, ;@dp, -1 <0
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b e
(62) [0, (.)/0s,f(P; ;@)dp;’ + J;an;(.)/aslf(ﬁz”:cp)dﬁz” <0
0

(6.3) M%2-p" < 0
with (6.1)*T,=0; (6.2)*s,=0; (6.3)*A,=0.

Expressons for the derivatives of the indirect profit function Tt (.) with respect to each chaice
variable are developed in Appendix 5.2. As can be see in (6.2), when indvidual farmers
decide about crop chaice they will take the distribution d prices as given and thus fail to
consider the impact of their own decisions on the function @(s;,.) which shifts the price
distribution in specific ways.

As more farmers install permanent crops, the water price distribution becomes more volatil e,

i.e., it has a higher variance and likely a higher mean.

5.4. Comparing aggegate output and profitsin alternative“worlds’

In the previous two sections | shawed haw a crop structure in which permanent crops become
predominant may affect investment incentives for potential entrants and even block
agricultural development for a long period d time. In this section the approach to the same
phenomenon is different, | look at how our modd of water market compares to aher

alternative modds in terms of aggregate output and welfare (expected income). In particular,
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it is interesting to compare how well the market does compared to an autarchy situation, in

which each farmer is restricted to use their water endowment.

The crucial assumptions of our modd are the non-convexity of the production technology and
the coordination failure or externality problem in individual decisions, and we are interested in

comparing market and autarchy situations, thus we have four models to compare:

Moded Non-convexity Coordination Market
Problem
A No -- No
B Yes -- No
C No No Yes
D Yes Yes Yes

Mode A: autarchy in a perfect world

In this case we have that farmers cannot trade ther water endowment (so information
problems are not relevant for price formation). Also, we have that the production technology

does nos show non-convexities, and so the production function is concave.

In this situation we have that value fo production per hectare and profits per hectare are given

by:

Z(s1,A1) = p(s1)g(A) (A1)



T(s1,A1)= Y(S1,A1) + h(sy)

Model B: autarchy in an imperfect world
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(A.2)

In this case we have that the production technology have a non-convexity (again, information

problems are not rdlevant) and farmers cannot trade their water endowment. The output value

and profits per hectare are given by:

P(s)9(A1)
Z(s1,Ay) =

0

P(s)9(Ar) + h(sy)
T(S,A1)=

h(0)

Mode C: Tradein a perfect world

if A;=0

(B.1)
if A;<9
if A;>6

(B.2)
if A;,<9

In this case a water market exists and farmers are no longer constrained to consume their

water endowments; also, the production technology does not show non-convexities and there



is no coordination problem. This mean that although individual crop chaices do affect the
water price distribution as price is an endogenaous variable, there are no amplifying effects
related to nonconvexities when many farmers do the same thing and install permanent crops.

Theresulting autput and profits per hectare are;

z(.) = p(s)9(ce ) (C.2)

() = p(s)9() + P2 (AdT1 =) + h(sy) (C.2

In this case, g, (.) is a function d the water equili brium price and cther exogenous variables.

This means that optimal production and prafits depend upon hav the water market works.

Model D: Tradein an imperfect world

This corresponds to the modd developed in sections (1)-(4). The output and profit per hectare

that we have already used are:

p(s)a(ce ) ifg, >0
() = (D.1)

0 ifq;<e
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P(S)A(®) + P2 (AYT1— ) + h(sy) ifqp =6
() = (D.2)

2" (AY/T1) + h(0) ifp <0

5.5. Simulation routine and results

In order to compare the four modds | used again the same simulation exercise described in
Appendx 5.1. In this context | was interested in comparing aggregate output, profits and the
resulting price distribution in the case of modds C and D. In the case of modds C and D, the
routine gives equilibrium water prices (at market clearing point) and | use these prices to
calculate expresdons C.1-C.2 and D.1-D.2. The simulation calculates output and profits for
each farmer and aggregates for the whde system at each simulated year (I used 100 years for
this smulation). | ran the four modds for two cases. a) when norrpermanent are predominant
(case 1 in Appendix 5.1) and when permanent crops are predominant (case 3 in Appendx

5.1).

Some results are presented in graphs 5.5 to 5.7. In gaph 5.5 (case 1) we seethat modd C

gives the higher total output and profits, as expected.

We also seethat modd A (the autarchic but perfect world) is nat very far from the most
efficient modd C, which implies that gains from trade are nat very high when there are no

non-convexities.
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In graph 5.6 | compared gains from trade (i.e. aggregate profits between modes with market
versus mode with no market) using model B as the no trade case. We see that modd A gives
larger gains from trade than modd D. This means that the assumption regarding non-
convexities clearly affects gains from trade or that the gains from trade from market activity
are highly sensitive to our assumptions regarding technology, individual behavior and how the

water market works.

Graph 5.5:
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Graph 5.6.
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In graphs 5.7 and 5.8 | compared the price distribution generated by models C and D for both
crop structures. One limitation of our simulation modd is that crop choice and investment
decisions are not endogenous (the crop structure is given). The simulation is still useful to see
how the externality in modd D may affect those decisions. A price distribution with higher
mean and variance will reduce the incentives for installing permanent crops and expanding
investment. In this context, we can argue that the price distribution generated by modd D will
generate less incentives for investments than model C for any given crop structure. In case 3
(permanent crops are dominant) we see that the impact of this externality is very high, as the
resulting price distribution shows very large variance and expected water price. The dynamic
effect of the negative externality is to reduce investment in high value permanent crops than in

the case where there no externality (modd C).
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Graph 5.7.
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Appendix V51. Net Water Supply and M arket dynamics simulation

From the maximization problem in the second period (section 2), denate for a farmer “i” the

net water suppy functiono'(p", T, A/,s/) as:

A - o ( pW,Tli,Ali,Sli) >0 P < pZWbindi;

o' (p". T/ Al\s) = Al -6 P2"ind = 2" 2 P2t

AL 2" > Poexit

One of these functions, for afarmer with A;' - 8' > 0, is drawn in Graph 4.3.

Graph 5.3.: Net demand Function

Ali ______________________
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The function is noncortinuous and nondifferentiable at the &it threshdd, and continuous
and nan-differentiable at the binding price threshdd. Thus, there are threediff erent regions of
this function, each dvided by the binding and exit threshdds. Note that for each farmer there

is only ore point at which 6"=0 (nonmarket participation).  This result changes if we

introduce transaction costs in the water market. Transaction costs will generate a larger range

on nonparticipants as is observed in real world (seeChapter 4).

Now in order to consider water market dynamics we neeal to think in terms of different
indvidual values for the variables determining indvidual net water supdy functiors.
Differences in any o these variables will create gains from trade and generate market
transactions. Assume first that all farmers have the same amount of land T,'=T,, and water
A/=A; for al i, but that they have different crop mixes distributed by (s, :9), where the

¢ parameter shifts the distribution.

There are three potential market participation regimes inside each ore of the net water
suppy’'s ctions (net sdlers, net buyers and nonparticipants). It is clear that after the «it
threshdd o[>0, only net sdlers are present in this sction. Now in the [0 p,"e] range, the
net position d each farmer depends uponits indvidual valuefor s;'. Define the following two
critical values for s;' at which a net sdler becomes a net buyer in each section d the net water

suppy function:

A; - CIZ*(Sli) <0s'= * -1(A1); P < pZWbindi
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A;-6(s) <0, = s =07(AY); P2 bind = P2" = P2t

Aggregating these expressions across farmers we have the following expected total water

supply and demand schedules:

Iw»n

S() = {{[Al 0 (51)] 9(s1;9)ds f (B {{[Al 6(s1)] 9(si:4)ds T (BY)dpy
- [A ()R
D() = II (A, - 0, (s)] @(sli $)ds T (B {j LA ~0(s)] (s} 9)ds T (5B

The interaction between water endovment distribution and the suppy-demand schedules will
determine how the water market works every year. Due to the increasing analytical
complexity of these supdy-demand schedules | will use simulation techniques to seehow this
market may work for many periods. The simulation will be based onthe actual annual water
endovment distribution o the Paloma System in Limari (Chile) but will assume that all

farmers have the same endovments of land and water. For a water market to exist, | also



asume in the simulation that there is a given dstribution of crops (s;) and that this

distributionis changing over time by individuals' actions.

The Smulation routine and its results

For simulation pursposes | used expresdons (4) and (5), and gave parametric content to the
CRS production function, output price and land sale value functions. All these are functions
of s, the crop mixing  Each farmer was equal (in terms of endovments and parameters)
except for ther crop mix, which is the only source of heterogeneity among farmers which

makes a water market feasible,

For the evolution d the total (and indvidual) water endovment over time | parametrically
estimated the distribution d water supgy in Limari using actual data on total water suppy in
the last 25 years using a beta distribution which is highly flexible. Also, for the minimum
requirement parameter | used actual data to check at which points agricultural production
starts to fall drastically due to water shortages. These are only approximations which gve the

simulation a degreeof similarity with areal situation.

The routine | used for simulating the water market basically builds indvidual net water
suppies as a function d water prices. Aggregating these function the routine check if the
market clears (supdy near demand); if there is excess demand the water price increases, if
there excess demand it falls. The equili brium price is that at which the market clears with
some degree of approximation. The routine randamly extract a water supdy from the
estimated water distribution function (beta distribution) for each year, and runs the water

market routine giving an equili brium price for each simulated year. The same procedure was
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repeated 100 times giving 100 equilibrium water prices. Using the beta distribution again we

estimated the distribution of these 100 water prices.

Finally, in order to see how changes in the distribution of s; affect the distribution of water
prices, | simulated the modd in three cases: non-pemanent crops are predominant, an
intermediate case with similar importance for permanent and non-permanent crops in the

structure, and a case in which permanent crops are predominant in the crop structure.

The simulation results are shown in graph 5.9. The simulation was able to pick up the
bimodal structure observed in the real water price distribution (see Chapter 4, Graphs 4.1 and
4.2). As can be seen, as the crop structure becomes more concentrated in permanent crops,
the price distribution not only becomes more disperse (higher variance) but its bimodal
structure tends to take a more extreme form. Also, water prices tend to be higher in average.
In general, this implies that under these assumptions (and the highly covariate nature of water
shocks in an interdependent water system), individual decisions regarding crop choice will
have a predictable impact on the distribution of water prices. This is the source of the

externality problem or coordination failure in the modd.

Graph 4.4
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Appendix 5.2; Indirect Profit function and the first period decision

problem

Definethe indrect profit function for each farmer as:

P(s)T19(0k ) + P2"(A1— @ T1) + () T if 2 < po"bing:
o (0", T1ALS)= P(s) T10(8) + p2"(A1— 6Ty + h(s) Ty if p2"tina= P2" 2 P2 exit

p2"A; + h(0)T, if p2" > P2 et

Using the eavelope theorem (Hotdling's Lemma) the correspondng first and second partial

derivatives of the profit function with respect to water price are:

(X.1.1)  0m ()/0p" = Ar-qp (P",TLALS) > 6; for ps" < poing,
(X.1.2) 01 ()/0p," = A1 - 8; for pina= P2 2 P2 et

(X.1.3) 0T, (/0P = Ag; for P > Py exi

and

(X.1.1) 0%, ()/(0p2")* = dgp*()/0p," < O; for ps” < Po"ving,
(X.1.2) 0%, ()/(0p2")*= O; for p2"ping= P2 = Poet;

(X13’) aznz*(.)/(apzw)2= 0O; for pzW > pzwexit
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In (X.1.1), before the bindng threshdd is reached, the profit function is increasing in realized

water prices at a decreasing rate 0qp (.)/0p."; in (X.1.2) between both threshdds it is

increasing at the constant rate A;-6, and in (X.1.3) after the it threshdd it isincreasing at the

constant rate A;. In graph 3 ore of these profit functions is depicted for a water price range

[O,M].  Notice that (X.1.1)-(X.1.3) also traces the net water suppy function d the

representative farmer.  The net water supdy function is responsive to price changes only in

the[0,p."uind range (X.1.1'), whereas it is constant for higher reali zed prices (X.1.2")-(X.1.3).

Also, we nedal to derive the first partial derivatives for the profit function with respect to the

first period used land and crop chaice decision veriables:

(X.2.1)
(X.2.2)
(X.2.3)

and
(X.3.2)
(X.3.2)

(X.3.3)

aT[z*(-)/aTl =- pzwq;(pzW,Tl,Al,Sl) +h(sy); for p2" < P2"bind;
0Ty (.)/0T1 = P(s)g(6) - p2"8 + h(sy); for pz"bina= P2 = P2"exi

0T, (.)/0T1 = h(0); for P, > Pa"edt

0L (.)/0s1 =T4[P ()@ (02", T1.ALSY))+N(s)]>0;for po"< po"ving:
0Ty (.)/0s; = T4[P'(s)9(B) + N (sy)]; for p2"bina= P2" = P2"exi;

0% (.)/ds, = 0; for p2" > poedt

In general, the marginals (X.2.1)-(X.2.3) and (X.3.1)-(X.3.2) are functions of the realized

water prices. Thisimplies that these decisions are aff ected by how the water market functions,

which is the main channd for the negative externality under analysis.
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Chapter 6. Econometric estimations of Water Net Supply Functions

I ntroduction

In this chapter | use survey data to estimate some of the parameters related to the modd
developed in the previous chapter. In the modd | emphasized the impact of discontinuous (or
“jumpy”) indvidual water net suppy functions on water price volatility, i.e. on the formation
of wider bimodal price distributions. These distributions became wider as the presence of
permanent crops increases in the irrigated area. It is the main interest of this chapter to
estimate a modd of the water market participation decisions by farmers and relate it to both
individual and aggregate net suppy functions as postulated by the theoretical modd.

Section 6.1. returns to the main reationships established in the theoretical modd to develop a
stochastic version that can be etimated using the survey data. One of main variables of the
theoretical modd was the crop decision “s;,”, that is nat directly observable in the data.
Indexed between 0 and 1, this variable is increasing in minimum water requirement
profitability and sunk costs. As | do nd directly observe this variable, | will approximate its
measurement using frortier techniques smilar to thase used to estimated unobserved technical
efficiency amongfarmers. This procedureis developed in Section 6.2.

In Section 6.3. | estimate the econometric modd in which the categorical dependent variable
on water market participation is compatible with an ordered-response specification called
ordered probit. For this estimation | use the individual-specific measure of “s’; taken from the
previous section. | also construct individual and aggregate net water suppy functions to

evaluate the price range in which there is no water supdy to the market. For this | build up
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an expected aggregate water supdy under the asaumption that farmers <l water
proportiorally to their probability of being a sdler. This aggregate “ potential water supdy”
function shows aflat portionfor alarge range of water prices.

Finally, Section 6.4. presents a more direct estimation d water demand and suppy functions
using censored regresson analysis (tobit moddls). The results again show a supgy function
with a large range of no supdy bedow a specific water price corfirming the ordered-response

results.

6.1. Modeling water market participation

In this sction | extract some of the rdationships established in the previous chapter for
explaining water market participation decisions in order to build an econametric modd to
empirically estimate some of those rdationships. In the two-period modd, a net water supply
function was established and it was the driving force of farmers’ water market participation
decisions. The net water suppy function depended upon reali zed water prices, land and water
endovments and crop decision taken in the first period. More important, a farmer could be at
one of threealternative regimes regarding ret water suppy: (i) he will exit production and sell
all of his water endovment: (i) he will produce at the minimum water requirement in arder to
not loose the crops (especially high value permanent crops): or (i) he can be in the wel
behaved function equalizing marginal value of water to water price. In regime (i) the farmer
will be a net sdler of water; in regime(ii) he will be likely a buyer or a non-participant: andin

(ii ) he can be at any o the threepossble options: buyer, sdler or non-participant.



The most important variable in the modd for any o these situations to accur is § in [0,1] the
crop decision taken in the first period, in which farmers with high value permanent crops are
represented by higher values (close to 1) and farmers with no permanent crops with values
closeto 0. For farmers with high s;, the modd asaumed high water requirement parameter
8(s;) and especially a high lossfunction Ks;) when they decide to exit production. The modd
identified two individual-specific threshdds for which farmers may pass from one regime to
other'®: (a) an exit threshdd, for farmers sling all their water endovment: (b) a minimum
water requirement threshdd, for farmers producing at the water constraint with marginal
productivity of water different (likely higher) than market price for water. Both threshdds
depended orly on the crop decision variable (s;) and onthe realized water price. Thus, the net
water supdy to the market decision for an individual farmer “i” can be &presed as
Z(|p.":s)), asuming that farmers located in dfferent areas may face different individual-
specific water prices.

In a stochastic specification and assuming a linear relationship with exogenous variables, the

net water suppy function can be cast as:

Z(Ip"is) = o+ B + Bost +Vi=BX + Vi (i)

where B’ x; represents the nonstochastic part of the rdationship and v ~ N(0,6,%).

4 This type of model has important similarities with the household models developed by de Janvry,
Fafchamps and Sadoulet (1992 in which “endowment sensitive’ shadow prices affed farmers
participation dedsions on input of output markets under market fail ure cnditions.
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My econametric approach to expresson (i) will be based on adered-response modds
(Maddala, 1997. In these modds, some specific decisions taken by econamic agents are
clasdfied in a given number of categories and a categorical variable if defined for these
alternatives. In the case of the market participation decision | have an ordered decision
variable with three posshble situations: (a) being a sdler: (b) do nd participate (autarchic) or

(c) beingabuyer. Returningto expresson (i), | have:

“i” isasdler if Z(|p":s) > 0;
“i” is non-participant if Z(.|p.";s,) = 0;

“i” isabuyer if Z(|p2":s) < 0.

Before etimating this modd | will explain hov did | approximate variable “s,” using

stochastic frontier methocks.

6.2. Measuring unobserved variable “ s,"

In the theoretical modd variable “s,” plays a central role in defining ret water suppy
functions. This variable is nat directly observable by the researcher as it invdves past
investments and future returns nat easily measured by crosssectional data. Thus, in this case |
retorted to “production frorntier analysis’ to get an individual-specific measure of this variable.

In the frortier approach, technical efficiency by econamic agents is nat directly observed and
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it is approximated building a stochastic frontier which gves the benchmark for efficiency.
Distanceto this frortier is the measure of technical inefficiency.

The case of “s” in my modd has dgrong similarities with the technical efficiency
measurement. This variable is nat observable but it increases observed income and aitput
from higher sunk investments. |In the theoretical modd | propose that farmers can be indexed
by such a variable measuring dfferences in crop decisions embedding dfferent past sunk
investments and future returns. It should be naticed, however, that according to this, the non
observable parameter to be estimated will be a mix of technical efficiency and embedded past
crop decisions. It is nat possble to dstinguish between these two effects in the etimation
with the avail able information.

For the frontier specification | will be using a standard Cobb-Douglas function with constant
dagticity of substitution between inputs. The eonametric specification d the rdationship

between autput andinputs for afarmer indexed as “i” takes the following form:

Yi= A*TY LS Wi P exp(u+ vi) (ii)

where Y;: value of production by i; A isaconstant; T; island used by i, L; is labor by i and W;
is water used in production by farmer i. The randam variable v;, has narmal distribution with
v ~ N(0,6,%). Production parameters are'y, o and 3, which are directly related to the marginal
productivity of the these factors. Randam variable u; < 0 measures deviations of current crop
structure by farmer “i” from maximum posdble sunk cost-technical efficiency in crop

structure in the sample. The measure of “s,” for each farmer is given by exp(u), so if u; is
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equal to zero, this takes a value of 1 and the farmer is at the highest possble value of sunk
cost-technical efficiency.

Taking logs to both sides of (ii) gives:

log(Y) = log(A) + y*log(T:) + a*log(Ls) + B*log(W:) + u; + v; (iii)

The frortier approach to the standard production function analysis is based on alternative
asumptions regarding the distribution d u;, that becomes the main doject of interest.
Asaming the standard option d a half-normal distribution for u;, the compounded dsturbance
in (i) isg = u, + v;, which is asymmetrically distributed but with knavn dstribution.

Using maximum-likelihood estimation for this modd | get estimates of the variances for u and
v, which are nealed for getting the condtional expectation d u given u+v. This expectationis
evaluated for each farmer getting individual-specific s; parameters. Before the estimation, |

present some specific features of the used dhta.

Some features of the data

The survey was designed to take production data during the 199697 agricultural season in the
irrigated area of the Limari valley (see Annex IV.1 in Chapter 4 for the sampling procedures
and survey design). A total of 195farmers were surveyed from a stratified sample (strata were
defined as irrigation aganizations, so | had six strata, seefoatnate 1 in Chapter 4). Table 6.1.
presents farmers who declared nd to have production a to used some inputs in the 199697

season. A first important point is that 11% (about 21 farmers) of the sample did na have any
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production in the 199697 season. These farmers will nead to be ecluded from the
logarithmic form of the Cobb-Douglas gecification (and aher log specifications as well) as it
requires positive production.

In the case of water used by farmers in 199697 production season, | calculated indrectly--for
each o the 195 farmers--how much water did they use during the season. This information
was na taken from the survey but from administrative records on farmers  water
endovments, water ddlivered for that season (discounting segpage losss) to the area and
water trade and transfers amongfarmers.

Many farmers (42%) declared that they did na expend anything oninputs (chemicals and

fertili zer) for that season, and that ratio was quite stable acrossfarmers’ types (Table 6.1.).

Table6.1.: No use of inputs by type of farmers

No production Noland  No labor No input

Traditional 22% 9% 26% 48%
Horticulture 18% 3% 5% 40%
Pisco grapes 4% 0% 1% 43%
Export grapes 4% 0% 0% 40%
Total 11% 2% 5% 42%

Source: Field survey

A part of this high figure for no input use might be simply reated to the fact that some
farmers could nat recall the detail ed information asked by the surveyors. In many cases | have
missng values instead o zero values. In any case, given this high presence of zeros and
missng values, | would nd use inputs in the production function specification. Farmers with

no ceclared use of labor (5%) were also dropped from this initial analysis. It left 164 farmers
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for the production function regressions. Table 6.2. presents summary statistics of the variables

used in the production function estimation.

Table6.2.: Summary statistics of regression variables

Unit N Mean Stdv Min Max
Log(production) Pesos 164 8.039 2.125 2.079 13.576
Log(land) Has 164 1.627 1.364 -1.715 5.298
Log(labor) Days 164 6.325 1.509 2.773 11.212
Log(water) Cubic meters 164 10.273 1.361 6.763 13.271
Grape age Years 164 4,653 5.586 0.000 24.200
Grape age2 Years?2 164 52.660 96.673 0.000 585.640
% land with drip Ratio 164 0.218 0.394 0.000 1.000

Source: Field Survey

Maximum+-likelihood estimations

The results of the maximum-likeihood estimation of (i) are presented in Table 6.3. along

simple OLS estimates. As can be seen, the estimated variance of u is much higher than the

estimated variance of v, the random normally distributed error term. This implies that

differences in crop structure by among farmers is important in explaining output variation.



Table 6.3.: Production Frontier estimation
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OLS Estimation Frontier Estimation
Variable Estimate Std error t-value Estimate Asym error z-value
Constant 4,949 1.089 4.545 7.1287 11935 5.97
log(land) 0.528 0.131 4.041 0.6187 0.1444 4.28
log(labor) 0.699 0.101 6.905 0.5569 0.105 5.3
log(water) -0.272 0.116 -2.337 -0.2044 0.1286 -1.59
Years 0.199 0.050 4.016 0.0783 0.0683 1.15
Years2 -0.008 0.003 -2.889 -0.0041 0.004 -1.01
% with drip 0.441 0.295 1.4%4 0.6821 0.3033 2.25
C ., 3.0759 0.2949 1043
Gy 0.4243 0.0866 49
log- lik value -0.8910
Observations 164 164
R2 0.689

(*) Coefficients in bold are different from zero at the 95% confidence level

The main interest of the estimation is to calculate the condtional expectation (for each farmer)

of u; given ui+v;, that will play theroleof “s;”:

0
E(ulu+v) = J’uif(ui| U+ V)du,
Following Kalij aran (1990, this expectationis given by:

oo, U F i
E(ullui+vb:_ u-v f() _ul +VI

AU

o [A-F() ©

]
1-AQ



10¢

in which A=0,%0°. Functions f(.) and F(.) are the values of the standard namal density
function and standard namal distribution function respectively evaluated at the second
(indvidual specific) value with negative signin the brackets.

In Graph 6.1. | displayed kernd estimates of the estimated farmer-specific technical
parameters applied to the four types of farmers.

As can be sea, the etimated “s,” parameters are coincident with our previous categarization
of farmers if the main interpretation d it is a embedded sunk cost measure. However, | stress
the fact that the etimation may also cortain dfferences in technical efficiency among
farmers. Traditional producers appear as farmers with lower “s,” in the sample, whereas
export grape producers are the ones with larger average parameter with a distribution with
thicker tail at the right side. Horticulture producers seam to be divided into two dfferent
groups, ore with higher s, than the other. Pisco grape producers appear at an intermediate

level, shawing a more normal-like distribution.
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Graph 6.1: Estimated “s,” distributions by type
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The estimation of individual-specific s, parameters is important for the operation of the water
market. In Table 6.5. it is shown the differences in the mean of these parameters among
participants-non participants in the water market.

Table 6.4: Estimated s, and water market participation

Seller Non-partic Buyer Total

Traditiona 7% 19% 11%
Horticulture 17% 27% 33% 28%
Pisco grapes 17% 23% 29% 25%
Export grapes 24% 32% 40% 34%
Total 17% 24% 31% 26%

Fuente: Frontier Estimations
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It shauld be naticed the relatively low estimated average of technical efficiency for the sample
(23%), in cortrast with aher studies in which this estimation is around 70%. It is my
impresson that this difference comes from two factors: (i) | am using a sample with very high
variability among farmers, who have different assts and crops; (i) | am mixing technical
efficiency and past investments in the frontier estimation. These factors increase the
dispersion d the estimated parameter distribution, giving a lower average than in aher studies
in which farmers are croppers of the same crop and with low variability in assts.

Water buyers appear with a much more higher value of s; than nonrparticipants and sdlers. In
general, my results suggest that the estimated parameter is indead an important factor behind
water transactions in the Limari valley, allocating water from low value annual crops to high
value pemanent ones. | will use this parameters in the subsequent estimation d market

participation cecisiors.

6.3. Estimating an ordered probit model of water market participation™

Now returning to variable z(.|) in Section 6.1, | will assume that | canna directly observe
these but | know the regimen in which each farmer was in the sample: sdler, buyer or non
participant. In this case the specification is in terms of a cumulative distribution function F(.)

for the dependent categorical variable:

5 In Appendix 6.1 | present the main limitations of the ordered probit model for estimating all the
relevant parameters of the theoretical model. The source of the limitation isthe lack of information on
transaction costs in the water market.



Prob(i=sdll erlx) = F@'x +V; > 0)
Prob(i=nat participation|x;) = F(B'x +Vv;=0)
Prob(i=buyer|x;) = F(B'x +vi<0)

Now we know that F(.) being a cumulative distribution function is increasing in its argument.
We can define two parameters oy and a, representing two critical threshad values with a; <
o, at which the specific farmer will be at any o the three alternative regimes. Figure 6.1.

displays the situation for one hypothetical farmer:

Figure 6.1.: Cumulative distribution for order ed-response model

F(Bxi+vi)

T

Seller a, Non-patic g, Buyer B X+Vi
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Thus, the modd can be re-parameterized in the foll owing way:

Prob(i=sdl er|x;) F(B'xi + vi < ay)

Prob(i=nat participationjx;) Fla,<=B'x +Vv; <=qay)

Prob(i=buyer|x;)

F(B'x + Vi >ay)

Where v, is redefined as a randam variable with standard namal distribution v ~ N(0,1), nat
corrdated with x; and independent acrossfarmers.

The parameters of interest in this modd are the two threshdd values a; and a, and the
B-parameters that allows to evaluate the individual specific aritical-values B*x; at which the
three probabilities are estimated. The likelihood function for the modd for ml sdlers, m2

non-participants and (n-m1-m2) buyersis:

[0 % ~a) + [0 % ~a,) - (B ~a)]+ []@-9(8'x ~a,)

This function is used to estimate the parameters of interest using maximum-likelihood
methods. For the specific estimation | used the variables for which summary statistics are
presented in Table 6.5. for each o the threecategaries. Note that in this case | used up all the

195 observations. | assgned the mean sample value of the estimated “s,” parameters to the
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no-production farmers in ader to keg the important information for the suppy function

coming from these farmers in the ordered-response modd estimation.

Table 6.5.: Summary Statistics for Regression Variables

Sellers Non-participants Buyers
Mean Stdv Mean Stdv Mean Stdv
Estimated s; 0192 0125 0245 0170 0303 0.204
Log(water price) 3992 0361 3935 0554 3816 0512

Log(land endowvment) 2.909 1578 1538 2020 2445 2078
Log(water endovment) 10838 0911 8281 3778 10133 2252
Log(livestock value) 9.031 6.663 4428 6362 4722 6.699

Cogdi 0111 0323 0097 0297 0302 0463
Camarico 0389 0502 0129 0337 0245 0434
Limari River 0056 0236 0169 0377 0.094 0.295
Huatulame 0.000 0.000 0234 0425 0.057 0.233
Punitaqui 0056 0236 0145 0354 0.019 0.137
Observations 18 124 53

The etimated coefficients for the modd are presented in Table 6.6. The first specification
(first three columns) does nat consider endavments on the exogenous variables, whereas the
other does consider these. However, these appear as nat statistically significant at the 95%
corfidence level.  In both cases the etimated “s,” and water price appear as sgnificant and
with the epected signs. In increase in s; value raises the probability of being a buyer,
whereas higher prices increase the probability of being a sdler in the water market. Two

organizations appear with higher probability of their farmers being buyers. Cogadi and
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Huatulame, whereas Punitaqui appears as likdier to have more sdlers. These conditions
coincide with fidd observation regarding these organizations in the face of very high water

pricesin 1996/97.

Table 6.6.: Ordered Probit Water Market Estimation

Coef.(*) Std. Err. z Coef.(*) Std. Err. z
Estimated “s,” 1.424 0.505 2.821 1.332 0.511 2.607
Log(water price) -1.079 0.344 -3.135 -1.066 0.347 -3.069
Log(land owned) - - - -0.027 0.060 -0.443
Log(water -- -- -- 0.012 0.036 0.342
Log(Livestock - - - -0.025 0.014 -1.809
Cogoti 0.684 0.282 2.427 0.698 0.283 2.463
Camarico -0.070 0.263 -0.265 -0.078 0.267 -0.292
Limari River -0.596 0.342 -1.743 -0.614 0.344 -1.784
Huatulame 0.764 0.399 1.914 0.580 0.418 1.386
Punitaqui -0.855 0.394 -2.169 -0.862 0.403 -2.137
alphal -5.253 1.390 -5.346 1.471
alpha2 -3.148 1.370 -3.210 1.450
Number of obs 195 195
LR chi2(7) 28.29 31.59
Prob > chi2 0.0002 0.0004
Log likelihood -153.92 -152.17

(*) Coefficients in bold are different from zero at 95%
level

In Graph 6.2. | display the estimated probabilities of water market participation at individual

real values for x and only depending on increasing water prices.
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Graph 6.2: Estimated Probabilities

for increasing water prices

prnon o prsell
+ prbuy
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As can be sea, for prices below 60 Pesos the probability of being a sdler is amost nil in the
sample whereas the probability of non-participation reaches its maximum at 60-75 Pesos per
m3. Indedal, the probability of na participating in the water market is higher than the
probability of being a buyer above 30 Pesos par m3, and it kegps growing until water prices
are as high as 70 Pesos per m3. This suggests a wide range of prices in which the net water
suppy function is flat as considered in the theoretic modd developed in Chapter 5 when
farmers are at their minimum water requirement constraint. Only with very high prices (above
70 Pesos) the net water suppy function starts to have positive probabilities and so sdlers are
attracted to the market.

The estimated probabili ties for market participation can be used to build a Expected “ Potential

Water Suppy Function” which will be defined for farmer “i” as:
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s(.Ip") = prob(i=sallerjx;)*W;

i.e. the probability of “i” to participate as €ler in the water market multiplied by hissher water
endovment. The summation d these individual-specific suppy functions will conform to an
aggregate water supdy schedule as a function d market prices. This estimation for the

sample of 195farmersis shown in Graph 6.3.

Graph 6.3.: Aggregate Potential Water Supply Function
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The supgy is quite flat for prices below 30 Pesos and it starts to increase its dope after that

price. It should be considered that for prices between 30 to 70 Pesos the probability of finding
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net sdlers in the sample is very low, so the epected aggregate suppy is quite low. The

suppy starts to have a more pronaunced slope after 70 Pesos per m3.

6.4. Estimating water supply and demand using censored regression models'®

The previous approximation to the water market decisions gives a good idea of the driving
forces behind this market. As e, production efficiency, prices and locations (related to
different water endovments) sean to be the most important variables behind water market
participation. The discrete form of the ordered probit modd does nat allow ore to estimate
more directly the demand and supdy features, so in this sction | use censored regresson
modds for the demand and supdy schedules.

In censored regresson modds (Maddala, 1997, the dependent (decision) variable for an

econamic agent has the following form:

yi =y* ify*>c

yi=cC otherwhise

The resulting sample y1,Y»,...yn is called a “censored sampl€’, in which for variables y; = ¢ we
only know that y* < c. Asaming a normal distribution for the dependent variable y ~

N(u,0?) the likdlihoodfunction becomes:

L(po® 1y)= [] oo H

Y¥i >0 Y*>C
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Where @(.) and ®(.) are respectively the density and dstribution function d the standard
normal distribution.

In the case at hand, | have y* =x' as water bought in the market being a function o
exogenous variables. The water sales variable is censored at y*=0 for all farmers who either
sold water or did na participate in the market at all. This particular case in knavn as the
Tobit modd in which c=0. The same modd can be applied to the sold quantity, censoring the
dependent variable at c=0 as well. The parameters of interest in this case are the s which
allow estimation d the demand schedule as a function o exogenous variables.

The maximum-likelihood estimation d these two tobit modds for estimating water demand
and supdy (with the same variables as before) are shown in Table 6.7.

The water price appears as datistically significant at the 95% confidence level for both
equations and with the expected signs. The estimated “s,” only appears sgnificantly different
from zero for the demand equation. Using these parameters | could estimate both demand and
suppy schedule as a function d water prices. In Graph 6.4. these two schedules are depicted

against the logarithm of water quantity.

18 Like for the ordered model, Appendix 6.1 presents the limitations of the Tobit model to estimate all
the relevant parameters of the theoretical model.
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Table6.7.: Tobit estimates for water demand and supply

Demand estimation Supply estimation

Coef.(*)  Std. Err. t Coef.(*) Std. Err. t
Estimated “s,” 121.96 41.94 2.91 -37.37 26.39 -1.42
Log(water price) -70.97 25.26 -2.81 33.87 16.00 2.12
Cogoti 78.38 21.72 3.61 -6.98 11.63 -0.60
Camarico 4.97 22.01 0.23 3.61 9.88 0.37
Limari River -59.29 29.31 -2.02 -0.64 16.64 -0.04
Huatulame 12.97 36.04 0.36 -- -- --
Punitaqui -114.0 48.78 -2.34 -2.58 17.52 -0.15
Constant 184.78 99.35 1.86 -156.53  66.89 -2.34
sigma2 77.82 8.13 28.60 5.60
Number ofobs 195 195
LR chi2(7) 45.47 19.39
Prob > chi2 0 0.0077
Log likelihood = -348.35 -115.38

(*) Coefficients in bold are different from zero at 95% confidence level

Graph 6.4.: Water demand and supply schedules
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The graph indicates that if a water market should work in the irrigated area only involving the
sampled farmers, the equilibrium water price would be around 100 Pesos per m3. For the
sample of farmers | got, the average observed water price was 55 per m3. This indicates that
my supply schedule is somewhat downward biased as important sdllers (non-producers) were
not present in the specified sample scheme. In any case, these results indicate that the water
supply in the irrigated area required at least 30 Pesos per m3 to activate, and that attracting
more farmers to sdl water required prices that reached even more than 100 Pesos per m3.
This feature of the supply schedule is consistent with the idea developed in Chapters 4 and 5
of many farmers having (at the same time) valuable permanent crops with a flat net water

supply functions for a wide range of prices.



Appendix 6.1.: Limitations of the Econometrics for estimating the full theoretical model

The main restriction | face for fully estimating the parameters of the theoretical modd is that |
do nd observe all of the variables that create different market participation regimes in the
context of transaction costs. For instance, remember in Chapter 5, Appendix 5.1, | defined the

net water supdy function:

Ali - QZ*(-) > ei; pzW < pzwbmdi; (unr&etricted)
O-iD(leTlilAliasli) = /A\]_i - ei pzwbindi 2 pZW 2 pzwexiti (I'eStI’ICth)
Al P > et (eXit)

This is a “desired” net water supdy function with orly three possble regimes related to the
shadow prices p,"yind @nd poeq that are not observable but that | know depend on some
observable variable like s;. The problem arises when | consider transaction costs, that canna
be ignaed for such a market. With transaction costs, we observe transactions only outside
some band d critical points that lets call a; and a, with (a; < a,). Desired transactions that
lieinside this band do nd occur as costs surpassbenefits from the transaction.

This means that | may have both restricted, unrestricted and even exiters inside the transaction
cost band, and this makes identification d the critical prices p,"sind @nd p."eq NOt Viable with
the information. Obvioudly, the only way to surpassthis prablem is with precise information

ontransaction costs in the water market, that | did nd gather in the survey.
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Even considering these limitations, | can estimate a mix of the critical parameters using Probit
and Tobit models. Lets call 0'(.) the observed net water supply. In terms of the latent desired

net water supply, this will be defined as:

a'()- 0 if o >a,
o()=0 if a,< 0"() <o, 2
o'()- oy if o <ay

Now the desired net water demand function will depend on some vector function h(B,x;) of
variables x; that might include crop structure (s,'), water price and location for the farmer and

parameters (3. For the sample, this relationship occur in a probabilistic environment defined as:

o = h(Bx) + Vi , with v, ~ N(0,0,%) and Cov(v;,x) =0, (3)

and the desired demand is itsdf a random variable with conditional mean h(.) and conditional
variance 0,2 In the case of x= water price, the form of the h(.) function is given by (1) and it
has two price thresholds (psing @nd peqt) @t which it is not differentiable with respect to water
price. Also, above pying he function has the partial derivative with respect to water price equal

zero. Lets define the Tobit and Probit models.

Tobit mode
A Tobit estimation of (2) is possible for each side of the net water supply function. For

sdlers, | have
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0" () - az = h(B.X) + Vi - 0tz if 0 >a,

o()= 4)

0 otherwise.

The main dfficulty from this gecification come from the form h(.) may take in view of (1).
It is clear that in the case of water prices the marginal response of the net water suppy
function H(.) is positive below puing” and zero afterwards. A log specification for the price
variable in the tobit estimation would approximate this modd’s feature although it canna
distinguish parameters from exit sdlers from restricted sdlers, and the same for buyers, as
said before. The estimated price-response parameter would contain a mix of unrestricted,

restricted and exit sellers, andthe same for buyers.

Ordered probit

Now asaume that we cannd observe desired net water suppy ¢ (.) and also that we only
know if farmers are sdlers, buyers or non-participants in the water market. Also, redefine (3)
such that the eror terms is u; ~ N(0,1). In this case | have the following three probabili ty

functions:

Pri=sle) = Probh(Bx) + > az] = 1-Fla,- h(Bx)]
Pr(i=non-part) = Proda; < h(B,x) + u; < a,] = Faz- h(B,x)] - Fa1- h(B,x)] (5)

Prii=buyer) = Probfh(Bx) + < ay] = Flo- h(B.x)]
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In this case, assumptions about the form of h(.) are more problematic as the modd requires the
same function with the same parameters for the three market participation regimes. In this
case the form of (1) also would suggest that the price variable be included in log form. The
mode cannot identify restricted from unrestricted or exit buyers, or restricted, from
unrestricted or exit sdlers. The B parameters are a sort of average from the different
types of market participants and in this case are forced to be the same for buyers, sdlers

and non-participants.
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Chapter 7. Discusdng dternativesfor improving the dficacy of the
water market in the Limari Valley

I ntroduction

In this chapter | discuss ®me alternatives for improving the dficacy of the water market in
the regulated area of the Limari valley. As | argued in Chapters 5 and 6, the water market in
the Limari valley, although an important and valuable all ocation mechanism, started to face
important limitations in the face of a severe drought. These limitations are associated to rigid
net suppy functions that in turn are associated to a certain production structure concentrated
on permanent high-value crops.

In the context of the severe drought of 199697, the water market started to be lesseffective in
allocating the resource, with a wide range of prices for which there was no apparent water
suppy to cope with high demand. This generated a extremely volatil e water price distribution
which may hinder incentives for further investment in permanent crops, one of main
developing tods in the valley for the last decade.

As guch, it is important to think in ways to improve the workings of the water market,
especially when it becomes clear that negative water shocks (droughts) are a real posshility in
the Limari environment. In Section 7.1. | explore a techndogical aternative which might
impact (and is impacting) on the functioning d the water market, such as drip irrigation
Section 7.2. analyses the introduction d an information system to reduce transaction costs
aswociated with lack of information, which although were nat explicitly measured in Chapter

6, were important in amplifying the limitations of the water market as fidd doservation
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showed (see Chapter 4, Section 4.3). Finally, Section 7.3. explores a more ambitious st of
potential policies oriented to introduce changes in the operation d the water storing system
and aredefinition d water rights in the face of a changing environment. These changes are

oriented to increase the responsivenessof the net water supdy functionto price incentives.

7.1. Technological innovations: drip irrigation

Techndogcal innowations may have important impacts on hav input markets work, as these
reflect differences in production a post-production efficiency. In the case of irrigation,
adoption d water-saving techniques such as drip irrigation might have significant effects on
water market dynamics.

Returning to the theoretical modd developed in Chapter 5, adoption d drip irrigation by
farmers will tend to decrease ther minimum water requirement parameter (6) in the
production function and this will have two effects on the net supgy function: (i) move the
minimum water price threshdd P(s)g'(0) to the right as g'(.) is decreasing in its argument;
and (i) move the it threshdd [P(s)g(6)+k]/0 to the left'”. These two movements will
shrink the range of prices for which the net supgy is flat and therefore making the water
market to behave more smoathly.

The changes in minimum water parameter can be dramatic with drip irrigation adgption. In

the farmers' sample drip irrigators consumed ore third of the water (per hectare) than nondrip

'" The negative sign can be derived differentiating the eit threshold p,*" with resped to 8. This
differentiation gives: (1/6)(JP(s))g’'(8) — p,>"] which is negative as the eit threshold is always larger
than the minimum water threshold P(s;)g'(8).
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irrigators and so this innowation might have quite important impacts on improving the
operation d the water market, especially if adopted by permanent crop farmers as is currently
thetrend.

Notwithstanding this paositive role, the adoption d drip irrigation imposes ome challenges to
the management of the irrigation system. The use of drip techniques for permanent crops
requires a much more frequent delivery of water to farmers al year round. This changes the
traditional way in which water is managed, where the distribution system have two o three
months in which important cleaning and lining d canals is dore. The increasing presence of
drip irrigation doliges the management to have water flowing permanently through the canals,
even when nondrip irrigators are nat demanding much water. This ort of low compatibili ty
between drip and nondrip irrigation inside the system may become an important source of

conflict over water distribution in the near future,

7.2. Reducing transaction costs: introducing a water price information system

The presence of transaction costs were important in the water market operating in 199697
season as | argued in Chapter 4. Such an intensive operation d the spot water market with
prices above 50 Pesos per cubic meter was a relatively new affair in the Limari valley, where
farmers were used to a more moderate water market with prices oscill ating between 3 and 10
Pesos per cubic meter in the 199Gs.

In the context of the severe drought of 199697, this context changed dramatically and farmers
had to take decisions on water trades in a very uncertain scenario in which potential increases

in water shortages were nat totally known and with skyrocketing water prices in the spot
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market. A decision taken by ore of the irrigation aganizations (Limari River) to prohibit
water transfers to aher organizations (arguing that transfers were having regative dfects on
third-party irrigators) increased the presaure over the market and the water price achieved a
top of nearly 100 Pesos in October 1997, which was unreachable for most farmers. That
decision was changed in November, and prices darted to return to a 60-80 Pesos per cubic
meter in November-December of that year.

It was clear in this context that there was a disorganized flow of information regarding hav
this market works and hav the opportunities can be better used by a large group of farmers.
In the case of Punitagui, the poarest irrigation area, | heard many complains about the
irrigation dficers taking advantage of ther information to sdl water they bought cheaply to
their associates to sdl it more expensively to aher water asociations. Lack of information on
current water prices by farmers was a common problem, especially with poor farmers.

Looking at the records of the organizations | found a number of persons who in 199697
season were daoing as “middemen” in water trades. They bough water from a farmer at one
price and sold it out immediately to aher farmers at higher price. Although these activities
can be wdfare improving, in some cases there was abuse with pooarer and less educated
farmers who hed little information oncurrent water pricesin a little known water market.

Other situation encountered in some of the organizations was that there was ome minimum
amount of water required for a large transaction with an attractive price. This amount could
have been suppied by a group of small farmers who were nat able to arganize despite the
efforts by the administrator of the organization. Disputes about the best way to dothe trade

discouraged the buyer who preferred to deal with ore big sdler instead of many small ones.



In general, when | was daing my field work | heard a lot about the lack of transparency in the
water market. For many farmers (especially small, but also some large farmers), this market
only worked for some privileged farmers, who hed much more power in the irrigation
organizations (as mentioned before, representation is based on number of shares).

Some of these complains are justified but others are nat. There was an important number of
small farmers who were able ather to sdl or buy water at favorable prices in the 199697
season as the records kept by the organizations indcated.

As ®a in 199697, the water market of the Limari valley increasingy requires sme sort of
centralized body that can make water trade more transparent and can generate useful and
opportune market information for potential participants. This idea is nat expensive as all water
trades are currently registered by organizations, although price recording is nat obligatory.
The organizations can make price registering dligatory and have a unified information
system of water trades which must be accessble for all farmers alongtheirrigated area. This
will i ncrease the transparency of the market and expand the opportunities of the market for

many currently excluded groups.

7.3. Ingtitutional innovations: re-defining rules for reservoir management and water rights

At the background d water market failures | investigated in previous chapters there are some
asumptions regarding total water suppy and on hev water rights are defined.  In this sction
| explore some alternatives re-definitions of water rights and water management that can make

the net water supdy more responsive to water prices, i.e. more dficient.
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Location-specific water losses

One important feature of water management in the regulated area is that average sespage
losses are assumed collectively by the users of each canal. For example, the Camarico Canal
has an estimated 35% of seepage losses. This average is equally distributed among all user
even when water losses are location-specific. There are areas with higher water losses due to
the bad maintenance of the canal, or there are other physical conditions that increase water
losses along the canal.

This practice has efficiency implications for the water market. |f water losses were associated
to the location of farmers, the water market could play a role in reallocating water from
farmers with higher water losses to farmer with lower water losses. For some range of prices,
these type of exchanges can increase total output and social benefitsin the irrigated area.

Like in the previous case, this reform may have important transaction costs as there is the need
to have accurate measurement of water losses. Also, the whole process of water management
becomes more complicated as water rights become location-specific. It should be mentioned
that water lasses are highly sensitive to investments in maintenance and improvement of canal
infrastructure.  As such, water rights may be changing too often and the costs of each
redefinition may be higher than the benefits.

In any case, it is clear that the water market will work better if water rights become location-

specific.



Mohility of water endowments

One of the most controversial isaues in the Limari valley is the strong @position d farmers to
re-allocation d water rights among irrigation aganizations. The Chilean water code allows
these reall ocations, but the problems and corflicts that arise have limited this practice.

In case that water rights could be reall ocated amongirrigation aganizations, the water market
can also improve its efficiency, especially in the longrun. Irrigated areas with lower segage
losses or/fand hgher crop value will benefit with more water rights.  In this reall ocation, the
probability distribution d the total water suppdy should play a role, and zones more
econamically affected by droughts will be allocated more water (through the market). With a
more dficient water rights basis, the spot water market would be less apron to extreme price
volatility.

However, breaking the opposition to water rights transfer is not an easy task. These
reall ocations may benefit directly to the owners of the rights but may negatively affect the rest
of farmers both in the receiving and gving area, dependng onthe condtions in which the
whde system works.  For instance, if water losses are till collectively all ocated, it is very
difficult to reallocate the implicit water losses among irrigation aganizations with dff erent
water losses. This complication is more serious when the storing devices are different among
the exchanging aganizatiors.

This exchanges are often gpposed by the giving area a the non-participant farmers there will
seethe total water distributed to their area reduced, whereas the cost of administration d ther
canals remains fixed. This is a common source of oppaosition to water transfers in many

contexts.
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Water saving

Although farmers in the regulated area could save water for the next season, this practice is
heavily penalized (20% of penalty) under the argument that evaporation losses are of that
amount. So in 199697 | did nd aobserve any water savings by indvidual farmers, lessin a
very dry year.

However, the practice of saving water by indvidual or grouped farmers may improve the
workings of the water market in the Limari valley. Because farmers with permanent crops
have different exposure to risk than farmers with annual crops, it is concelvable to imagine
that they will have different incentives for saving water at each season. Currently the decision
is centralized and is based in a rigid gperational rule which was st up many years ago when
permanent crops were not important in the valley. The last update of the parameters for the
operational agreement was made in 19705, and it did na consider the crop structure of the
valley but only how to improve the ddlivery of a minimum amount of water each year.

If saving water starts to be a real option for farmers in the Limari vall ey, this may change the
way in which the water market works, reducing the flatness of net suppy functions. With
permanent crop farmers saving more water than norrpermanent crop farmers, we will have a
reduced probability of seéng permanent crop farmers at the minimum water requirement
parameter for each season. This will reduce the range of nonresponse prices in the net suppy
function, improving the functioning d the market.

The implementation d the water saving idea can be cumbersome depending onthe degree of
reform that one wants to introduce. The most radical alternative would be an oweral re-

definition o indvidual water rights in which each individual has a proportional share of the
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total capacity in the system (1,000 million m3). If we are talking d 33,000 shares, each share
would have 30,000m3 of capacity assgned. An example of how this may work foll ows.
Imagine a farmer with ore share in a first season in which this re-definition takes place and
when stored water (after evaporation losses from previous sason) is 500 mill m3. He would
have 15,000 m3 of stored water assgned and 15,000 m3 of his capacity na used. Discounting
20% from segpage losses, he will have 12,000 m3 to consume for that season. Imagine he
only wants to consume 8,000 m3 for that season and wants to save 4,000 m3 for next ore.
The next season total stored water (after evaporation losses) turns out to be 300 mill m3, and
he then has 10,000 m3 stored plus the 4,000 m3 saved, so his total is 14,000 m3 from which
he can receive 11,200 m3 after segpage loses. The farmers is able to “smoath” water
consumption using water savings.

Important implementation problems may arise from this type of reform. Some upper limit
must be imposed onindividual savings as there is a risk of having the reservoirs totally full
with potential floodng problems and extreme water waste. If many farmers are saving at the
same time in abundant years, therisk of floodng increases and this may turn aut to be a severe
managerial problem. Using long water suppy series and established parameters it can be
determined an upper limit for individual savings which can be indvidual specific or group
specific.

The second important problem is related to evaporation losss. In the example above there
was no penalty to savings from evaporation losses. The truth is that part of the saved water
will be lost to evaporation but how much is that is an goen question. For instance, in the
Paloma reservoir, annual evaporation losss are etimated to be between 15to 20% as it is a

very extensive reservair (it has 3,000 Has and about 25 meters of depth).  Should this rate be
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applied to the savers?. Probably the correct answer to this question should be based onthe
following calculation: after all savings are known from previous sason, estimate evaporation
loses “with savings’ and “with no savings’ for the coming season, and dvide up the
difference between these two figures proportionally among the savers. In this case only the
real impact of savings on evaporation losss are considered and this may be much lower than
the overall ratefor the total water stock.

A third potential problem is reated drectly to the redefinition d water rights itsdf. Asin any
institutional change, there are important transaction costs invaved. The posshility of water
savings will indeed increase the neal o more precise measurement of water flows at the
indvidual leved and also to strengthen the enforcement capacity of water distributors. Precise
records of water savings must be kept and carried aut for each season, and reighboring
farmers must respect water saving decisions. One rdated prablem here is that when a farmer
decides to save water, he is reducing the average flow in the canal. Because water losss are
fixed and na proportional to water flow, the reduction in flow may leave less water than
expected to aher canal users. All of these are measurement problems which can be addressed
with more precise measurement mechanisms. However, it is nat only a techndogical isaue, if
farmers do nd fed or understand that this redefinition d water rights is fair and efficiency-
enhancing, the reform would certainly na work.

Thus, although the problems are several (and perhaps many aher problems canna be
predicted right now) these are nat difficult to solve if there is enough will and farmers sense
that this reform is to benefit them. This ingtitutional innovation will require special expertise
in water management at the general (reservoir) and at the farmer levels. It requires lot of

consensus amongfarmers about the rules.
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A potential way to start this reform is re-defining water rights first only at the irrigation
organizations level. Each arganization can decide at the beginning d the season (with some
adjustments permitted during the season) how much water do their associates want to save for
next season (respecting upper limits).  This will i ntroduce the reform in a more manageable
way and people can learn hav to work the important problems that can arise in a more

appropriate environment.

7.4. Concluding remarks

In this research | have discovered a real water market working in agriculture. This is nat an
usual event for econamists, who tend to assume that markets are the rule rather than the
exception even for natural resources. |n the case of water for irrigation, using a market is dill
an exception, but it is clear than it will become a more and more important institution as water

scarcity increases.

What | have been uncovering in the chapters is that this particular market is very sensitive to
some specific factors: (i) geographical location; (ii) irrigation techndogy; (iii) water rights;
(iv) system management; (v) cropping system; (vi) information; among dhers. It was clear
form me that | needed a theoretical paradigm that considers market imperfections, and |
focused on om of the potential failures: lack of investment coardination. In the case of the
Limari valley | found that “excesgve’ investments on permanent crops may have reduced the
efficacy of the water market for all ocating the resource.

Obviously, more investment in permanent crops is neeaded, as it increases econamic

devedlopment and income stability. Thus, what we neal is nat to reduce investment in
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permanent crops, but to make the water market more efficient in the face of this trend. For
these | have explored three areas of action: drip irrigation, an information system and re-
definition of water rights. These three policy areas are important and may have a better
impact if taken together. The main goal is to reduce the rigidity of the water demand
schedule, which means making farmers less exposed to downward risk in the face of a water
supply distribution in which potential droughts may have devastating effects.

The general feding | have is that the water market was much better than other non-market
mechanisms in coping with the 1995-97 drought, at least in efficiency terms (I did not explore
the equity implications in this research). This does not mean that we cannot improve the
utility and efficiency of the water market for farmers. This last chapter and the whole thesis

was devoted to make some recommendations in this direction.
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