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Water markets are considered an excellent economic instrument for water management as they lead to a
more efficient allocation and use of the resource. Their establishment and operation has been promoted due to
the fact that the steadily increasing demand is creating water scarcity problems in many regions of the world
and that existing management policies are proving ineffective in addressing modern challenges. This paper
attempts to carry out a comprehensive review of water markets as an alternative method for water manage-
ment by presenting their main characteristics as well as the international experience gained from their estab-
lishment in different regions of the world. For this purpose, a systematic review of the international literature
in the Google Scholar and Scopus databases was carried out using specific criteria. In particular, 144 studies
were found that met the search criteria set and finally 91 of them were selected as a source of information for
the writing of this paper. The processing of these papers provided information on how water markets operate,
their background, the advantages and disadvantages associated with their establishment and their adoption by
countries with different characteristics. The main conclusions that emerge are that water markets on the one
hand increase the economic efficiency of water by encouraging the movement of water quantities to users who
are able to attribute to them high economic value and on the other hand that their establishment and operation
are linked to neoliberal economic policies that are often criticised and at the same time raise issues of social
justice and equal treatment of different users.

Keywords: water resources management, water markets, tradable water rights, water trading.



Environmental Research, Engineering and Management

Introduction

In recent years, the rapid economic development in
many regions of the world combined with popula-
tion growth, improved living standards and changes
in people’s lifestyle have significantly increased the
demand for water and consequently created water
scarcity-related problems in many regions (Borghesi,
2014; Debaere, 2014). As it is estimated by the World
Health Organization, within a few years almost half of
the world's population will live in water-stressed re-
gions, and nowadays almost 844 million people do not
have access to drinkable water (Wutich et al., 2020).

These pressures are significantly intensified by cli-
mate change and the inefficient and unsustainable
way many countries manage water, forcing changes
in the way different countries allocate limited wa-
ter resources among different users (Koopman et
al., 2017; Walter et al., 2010). In this context, exist-
ing water resource management systems, which are
based on treating water as a social-public good, are
proving increasingly ineffective, creating serious risks
for local communities and economies (Debaere et al,,
2014; Bekchanov et al,, 2013).

Considering the above, many countries are undertak-
ing reforms related to how water is managed and al-
located by modifying both the relevant legislation and
common practice (Rey et al., 2019). The relevant poli-
cies implemented can be broadly divided into two cat-
egories: those aimed at improving supply, such as the
construction of new infrastructure, and those aimed
at managing demand (Aghaie et al., 2020). As policies
aimed at improving supply appear increasingly less
able to address the problems associated with water
scarcity in many regions of the world, policies and re-
lated reforms aimed at demand management appear
to be the most viable solution (Bekchanov et al., 2015).

Policies and related reforms aiming at demand man-
agement have a focus on treating water as an eco-
nomic good (Bjornlund and McKay, 2002). Treating
water as an economic good is based on three as-
sumptions concerning it, which are the following:
first, water is a finite natural resource and thus it has
an economic value; second, the provision of the nec-
essary quantities of water to humans for their various
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activities requires the construction and operation of
costly facilities that require financial resources which
can only be secured through water charging in order
to operate properly; third, the limited availability of
water makes it necessary to effectively manage the
demand by maximizing the benefit derived from water
(Tsiarapas and Mallios, 2020; Lubell and Edelenbos,
2013; Biswas, 2008).

This approach was first presented at the United Na-
tions Conference on Environment and Development
held in Rio de Janeiro in 1992 and came as a result of
the formulation of the Dublin Principles for Water (for-
mulated as a result of the International Conference on
Water and the Environment held in Dublin in 1992),
one of which recognises the economic value of water
and urges that it should be treated as an economic
good (Hodgson, 2006). This fact combined with the
subsequent publication of the Directive 2000/60 EC by
the European Union which recognises water not only
as a fundamental social good but also as an economic
good paved the way for a new planning for water re-
sources management.

That being the case, there is a growing interest in
the role that economic instruments such as water
markets can play in improving and facilitating wa-
ter resources management and allocation (Walter et
al., 2010; Rey et al,, 2019). Water markets are con-
sidered an excellent instrument for demand man-
agement and water reallocation in areas facing water
scarcity, i.e. areas where there is increasing demand
while availability is limited (Seidi et al., 2020; Easter
et al,, 1999). What water markets do is lead to an effi-
cient allocation of water to different users by balanc-
ing the forces of supply and demand, and therefore it
is considered that they can provide sufficient quanti-
ties of water for urban, industrial and agricultural use
without the need for new costly infrastructure (Mat-
theis et al., 2009; Hearne and Easter, 1997). Hence,
the establishment and operation of such markets is a
strategy to improve water efficiency and is promoted
to a significant extent by both the irrational and ineffi-
cient use of this precious resource by many countries
and the gradual adoption of neoliberal economic pol-
icies over the last decades (Campanhao et al., 2021).
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This paper attempts, through a systematic review of
the international literature, to present first the main
features of water markets, the theoretical background
behind them, how they operate, their main categories,
the advantages and disadvantages associated with their
establishment and operation and then the experience
gained from the establishment of water markets in
different regions of the world. These are consequently
the research questions that this paper seeks to answer.
This work differs from similar works appearing in the
international literature in that it presents an overview of
water markets that includes the entire theoretical con-
text about them, it seeks to answer the majority of the
questions raised about them, and it refers to the overall
international experience gained from their implemen-
tation without focusing on a specific geographical area.
Thus, the novelty of this review lies in the fact that it is
not just another study concerning water markets and
their implementation in specific countries but a com-
plete work that can be used as a useful guide for schol-
ars dealing with water markets and seeking to answer
theoretical questions about them.

Methods

The methodology followed for writing this paper was
that of a systematic literature review. This methodology
was chosen as it was deemed to be the most appropri-
ate to answer the research questions of the paper as
outlined in the introduction.

A paper that is the product of a systematic literature re-
view is essentially a summary of the available literature
on a topic. The author of a systematic literature review
is not limited to simply reading existing research on the
topic of interest but extends to critically analysing it in
order to evaluate it and ultimately produce a result that
contributes to the existing knowledge on the topic un-
der study (Landa et al., 2011). The reasons that lead to
the decision to conduct a systematic literature review
may be the desire to summarise prevailing views on a
topic, or the advantages and disadvantages of a method
of analysis, or even to find the research gaps that ex-
ist in a research topic. The stages that make up such a
research are three and include designing the research,
conducting the research and publishing it (Busalim and
Hussin, 2016). During the stage of designing the re-
search, those parameters that will be used in order to
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limit the research have to be determined. These include
the language of the sources to be used, the geographi-
cal area from which information will be sought, the pe-
riod of publication of the sources and of course the type
of sources which can be scientific articles, conference
proceedings, books, etc. (Zafeiriou, 2019). In conducting
the research, bibliographic sources — mainly scientific
articles — are searched mainly in electronic databases
using keywords and using the AND, OR, NOT operators
to facilitate the search. The search is also continued in
sources listed as references to the bibliographic sourc-
es that resulted from the initial search (Patelarou and
Mprokalaki, 2010).

The main ingredient of success of this methodology is
the selection of appropriate literature sources that are
relevant to the topic and can answer the research ques-
tions posed. The general concept of the systematic liter-
ature review methodology is illustrated in Fig. T, which
depicts the flowchart of the literature search process.

The first step required to apply this methodology is to
define the parameters of the research. The research pa-
rameters are presented in Table 1. As it can be seen in
Table 1, the databases that were selected were Google
Scholar and Scopus, the keywords selected were “water
markets”, “water trading” and “tradable water rights” and
the studies’ continent of origin (geographical area) was
selected not to be limited. The selection of the keywords
shown in Table 1 was made with the aim of limiting the
search as much as possible. Thus, no keywords were
chosen as keywords that might be implicitly related to
water markets such as “water economics” or “econom-
ic instruments” AND “water resources management”,
where AND is the well-known Boolean operator.

Table 1. Parameters associated with the searching process

Parameter Which/When

Databases Google Scholar, Scopus

“water markets”
“water trading”
“tradable water rights”

Keywords

Studies’ continent of origin All continents

11" January 2021 -
16" February 2021

Time period of the
searching process
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Fig. 1. Flowchart that elaborates the workflow of the searching process (Source: own work)
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Table 2 summarises the eligibility criteria for selecting
or rejecting a study. Due to the fact that water mar-
kets are not a new concept as they have appeared in
the international literature for some decades, it was
decided not to set time constraints in the search for
literature sources and it was also decided not to set
geographical constraints, as it was mentioned above,
since water markets have been established in many
regions of the world.

Table 2. Eligibility criteria for the selection of studies included in the
literature review process

Criterion description Studies included

Journal article, book
chapters, conference papers,

Document type reports, PhD and
Master theses
Type of study Qualitative and quantitative
Publication date No limit
Language English
Availability Online full-text availability

(through institutional access)

Geographical origin No limit

Results and Discussion

The following lines present the findings of the system-
atic literature review conducted on the basis of the pa-
rameters mentioned above. First, some statistics about
the literature sources used are presented and then the
qualitative results of the research are presented.

The results of the search based on these parameters
are presented distributed in time intervals in Tables 3
and 4 and in Figs. 2 and 3, respectively. Both from the
data in these two tables (2 and 3) and from Figs. 2 and
3, two conclusions can be drawn: firstly, that research
interest in water markets has increased significantly
over the last twenty years with a large number of pa-
pers published every five years, and secondly, that the
number of published papers is large and therefore it is
impractical for a researcher to study all these papers,
so that the definition of criteria for the acceptance of
papers is required in order to limit the volume of study.
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Table 3. Results obtained from the searching process in Google Schol-
ar database

Google Scholar

“water 7 ., ‘“tradable water
markets” R e rights”

until 1980 136 41 4

1981-1985 101 17 0

1986-1990 339 46 1

1991-1995 749 105 54
1996-2000 1580 400 278
2001-2005 3030 1090 473
2006-2010 4270 1990 520
2011-2015 5280 2500 496
2016-2021 5710 2820 494

Table 4. Results obtained from the searching process in Scopus da-
tabase

Scopus

“water A ., ‘“tradable water
markets” D i rights”
until 1980 4 0 0
1981-1985 6 0 0
1986-1990 36 1 0
1991-1995 46 9 4
1996-2000 85 12 7
2001-2005 201 41 7
2006-2010 270 76 11
2011-2015 321 113 13
2016-2021 360 95 10

The application of the criteria described in Table 2 led
to the limitation of the search as 144 studies were
found that met the specific criteria and were consid-
ered relevant to the topic of the paper. After reading
the abstracts of these studies, 91 of them were se-
lected and studied in detail, the detailed description
of which is presented in Table A-1 (see Appendix).
These 91 studies were the sources of information for
the drafting of the paper. The majority of these studies
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are papers published in peer-reviewed journals as
shown in Fig. 4. Further on, Fig. 5 shows the distri-
bution of the 91 studies by the continent from which
the authors come from. In the case of the reports, the
continent of origin was considered to be the continent
where the headquarters of the issuing organisation or
government is located. As it can be seen, more than
half of the studies originate from the Americas or Eu-
rope. Finally, Fig. 6 shows the distribution of the stud-
ies by date of publication. As it can be seen, this graph

Fig. 2. Graph that corresponds to data provided in Table 3
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follows the trend that graphs presented in Figs. 2 and
3 also follow and which concerns a steadily increasing
number of studies related to water markets published
in the course of time.

It should be noted that in addition to the studies di-
rectly related to water markets, studies not directly
related to water markets were used to flesh out the
part concerning the background of water markets.
These studies are not included in the 91 studies for
which the relevant bibliometric analysis is presented.
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Fig. 3. Graph that corresponds to data provided in Table 3
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Fig. 4. Document type and percentage per document type of the studies  Fig. 5. Continent of origin and percentage per continent of origin of the

included in the literature review studies included in the literature review
W Journal papers I Reports (for governments, national W Africa = Americas (North and South America)
organisations or consulting firms
Conference papers 9 ¢} ) " Asia B Australia
W Books or book chapters PhD and Masters theses
W Special issues Europe More than one continent
PhD and Masters
Reports theses Africa
(for governments, 1% 206

national organisations
or consulting firms)
21%

More than one
continent
14%

Special issues

Europe
6%

21%
Books or book

chapters
3%

Conference
papers
3%

Fig. 6. Date of publication of the 91 studies included in the literature review

33
30 -
25
20
20
15 - 13
1
10 - 7
0 0
0 T T - T . T T T T T

until 1980 1981-1985  1986-1990 1991-1995  1996-2000 2001-2005 2006-2010 2011-2015 2016-2021

Number of studies

1

Time intervals
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One of the first questions one might ask is what exact- ~ water markets that exist around the world. This sec-
ly a water market is, what is the scientific background  tion aims to provide a brief answer to these questions.
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Water markets’ definition

A water market can be defined as an institutional
framework of legal or social principles that allows
some users — water rights holders - to transfer these
rights to other users - also rights holders or not —
against a financial compensation based on certain
rules (Rey et al,, 2019). Water rights have the role of
currency in a water market and it should be noted that
they are in most cases use rights and are in no way
linked to the ownership of water as a natural resource
(Richter, 2016). In other words, a water market is a
system of formally institutionalized and/or informal
regulations and controls that govern the purchase
and sale of water rights (Debaere et al., 2014). There-
fore, in reality what constitutes a water market are
the transactions and interactions between buyers and
sellers with the market itself being a legal or social
institution that simply aims to facilitate these trans-
actions (Lee and Jouravlev, 1998). This institutional
framework, which essentially allows water trade
among different users, can exist both at the level of
a small sub-basin and at the level of an entire basin
(Bekchanov et al., 2013).

Water markets’ background: the Coase theorem

The idea of implementing tradable rights for the allo-
cation of natural resources and consequently water
markets is attributed to the Canadian economist John
Dales, who formulated his proposal based on the
Coase theorem (Borghesi, 2014). Although the Coa-
se theorem has been formulated since 1959, the first
formal formulation came in 1966 by George Stigler
and since then many other alternative formulations
have followed (Medema and Zerbe, 1999). According
to Stigler (1966), what the Coase theorem argues is
that under conditions of perfect competition, social
and private costs will be equal. A more careful and
explicit formulation of course is that presented lat-
er by Regan (1972), who stated that"... in a world of
perfect competition, perfect information, and zero
transaction costs, the allocation of resources in the
economy will be efficient and will be unaffected by le-
gal rules regarding the initial impact of costs result-
ing from externalities.” Therefore, according to Coase,
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it is the market that will provide the socially optimal
solution to a natural resource allocation problem, so
the crucial step in maximising the social benefit of
a natural resource, such as water, is simply the fact
that a relative market exists and rights of use are
allocated regardless of how this allocation is carried
out (Raffensperger and Milke, 2017). This assumption
has been incorporated into modern economic theory,
which argues that under ideal conditions the trading
of a natural resource can lead to the socially optimal
allocation of that resource regardless of how it is in-
itially allocated to users (Chong and Sunding, 2006).

From the above, it can be understood that the key as-
sumptions, i.e., ideal conditions on which the Coase
theorem, and by extension the theoretical, economic un-
derstanding of the problem of optimal allocation of nat-
ural resources, is founded are (Raffensperger and Milke,
2017; Hadjigeorgalis, 2009; Hoffman and Spitzer, 1982):

first, that natural resource use rights are well defined,

second, that there are no transaction costs in trans-
ferring the rights from one user to another,

third, that there is perfect information,

fourth, that perfect competition prevails in the rele-
vant market; and

fifth, that in any negotiation for the transfer of rights
to use the resource there are two parties involved — a
buyer and a seller —who seek to maximise their prof-
it and the utility they derive from the resource.

Of these assumptions, the most important is the one
related to zero transaction costs. This is an assump-
tion that is considered as unrealistic (Coase, 1960),
since in the case of water, transaction costs not only
exist (Hadjigeorgalis, 2009) but are also very high.
Thus, views have recently begun to develop that argue
that the Coase theorem cannot apply to water, with
that of Nobel Prize-winning economist Eric Maskin
leading (Raffensperger and Milke, 2017).

In summary, what should be noted is that regardless
of the Coase theorem, the basic idea underlying the
tradable rights system and thus water markets is to
use the properties of markets as tools to optimally al-
locate natural resources in order to both achieve eco-
nomic efficiency and avoid overexploitation of these
resources (Borghesi, 2014). More specifically and in
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the case of water markets, it is assumed that in a ful-
ly competitive market these water rights will end up
with those users who can attribute the highest possi-
ble value to the resource (Kraemer et al., 2004).

Types of water rights

As understood from the definition of water markets
presented, the most basic parameters associated with
them are water rights and the water transactions that
take place among users. The big question that arises
here is what exactly these rights are, what categories
of rights exist and, correspondingly, what categories
of transactions exist.

Water rights are usually defined in terms of volume (for
example, in cubic metres or litres/second) or as a share
of the flow in a canal or stream, or in terms of time dur-
ing which a particular water supply inlet is accessible to
a particular user (Holden and Thobani, 1996). This es-
sentially means that water rights are either quantities of
water expressed in units of volume or percentages of a
particular flow or hours of use.

In general, water rights can be divided into three cate-
gories (Colby, 1988; Holden and Thobani, 1996; Meran
etal., 2021):

those based on the riparian rights system (riparian
rights). In this case, any landowner adjacent to a riv-
er can take water from the river provided that some
water is left for other landowners along the river's
course.

those based on the prior rights system. In this case,
water rights are allocated to users on a first-come,
first-served basis, which means that, for example, in
the case of a river, those users who are first in line
along the river’s course can take as much water as
they want from the river without concern for sub-
sequent users, who in times of drought may be left
without water. To address this problem when water
rights are allocated under this system, a distinction
is made between consumptive rights (the holders
of these rights have no obligation to return water to
the river) and non-consumptive rights (the holders of
these rights have an obligation to return water of a
certain quality and quantity to the river).

those based on the public allocation system. In this
case, which is the most commonly used when es-
tablishing water markets, the allocation of water is
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determined by the public authorities, which allocate
water rights to users with or without charge, but
impose charges for the use of the resource. In par-
ticular, the water available in a region is divided into
a consumptive pool and an environmental pool, i.e.,
water that is not to be consumed. A share of the con-
sumptive water is allocated to each user and is called
a water entitlement and expresses a perpetual right
of access to water as a percentage of the total con-
sumptive water available per period. Water entitle-
ment transactions based on the public allocation sys-
tem can be divided into temporary and permanent. In
the case of temporary transactions, a user holding
a water entitlement for a certain quantity leases a
part of this entitlement for a certain period of time
(in many cases even for a few hours) to another user
without transferring ownership of the entitlement.
In contrast, in the case of permanent transactions,
ownership of the right is transferred for a long period
of time (at least equal to a period) (Hearne and Eas-
ter, 1997; Delorit and Block, 2018).

Formal and informal water markets

Water markets can be divided according to the legal
status that governs their operation into two categories:
formal and informal (Hadjigeorgalis, 2009). This distinc-
tion, which is the most basic one, is based on two differ-
ent views on the institutional environment required for
the efficient operation of a water market: the neoclas-
sical view, which argues that a formal institutionalised
system is required for the operation of a water market,
and the practical or pragmatic view, which argues for
the importance of promoting informal agreements be-
tween different users (Easter et al., 1999).

Formal markets are those that are supported by a le-
gal system that facilitates water rights transactions
and the corresponding contracts signed between us-
ers while protecting the interests of all stakeholders
involved. Moreover, in a formal water market, the
transfer of user rights is usually long term which
makes the impact of the market on the communi-
ty quite high (Bjornlund and McKay, 2002; Matchaya
et al., 2019). The success of a formal water market
largely depends on the legal framework governing it
and their establishment is appropriate in areas where
water rights transactions between users belonging
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to different sectors of the economy are needed (Had-
jigeorgalis, 2009). Under ideal conditions in a formal
water market, both the price a user pays for the use
of a given quantity of water and the other terms and
conditions related to the transaction are exclusively
negotiated between the seller and the buyer. How-
ever, in a formal water market, there are usually re-
strictions imposed by a central authority (Holden and
Thobani, 1996). Formal water markets are the ones
studied in this paper and will therefore be discussed
in more detail below.

Informal markets are those in which agreements are
made between users based on social imperatives
rather than a legal framework. The operational frame-
work of informal water markets is largely determined
by the needs of the users (Hadjigeorgalis, 2009). In in-
formal water markets, the transfer of water rights is
usually temporary which makes them preferable for
users as they do not actually change the “ownership”
of water rights (Bjornlund and McKay, 2002). Here
the sale prices of water rights are freely negotiat-
ed between the seller and the buyer and the lack of
a legal framework governing the transactions limits
the application of such markets to users belonging to
the same sector of the economy, such as the sale of
a certain amount of water by one farmer to another
who owns a neighbouring parcel of land (Holden and

Table 5. Main features of formal and informal water markets (Source:
own work)

Formal water markets Informal water markets

There is a legal system
governing the transactions

They are based on social
imperatives and users’ needs

The terms of each
transaction are freely
negotiated between the
seller and the buyer

There is a central authority that
controls the transactions and
regulates the relevant terms

Long-term transfer of
water rights

Temporary transfer of
water rights

Suitable for water transfers
between users in the same
economic sector

Suitable for water transfers
between users in different
sectors of the economy

They are legal They are illegal
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Thobani, 1996; Thobani, 1997). In general, informal
water markets have been established in areas where
governments have failed to address water-related
challenges. Although they are illegal, governments
often overlook this fact as they believe that informal
markets achieve rapid and efficient water reallocation
(Thobani, 1997).

Table 5 summarises the main features of formal and
informal water markets.

Decentralised and centralised markets

Another distinction of water markets found in the in-
ternational literature is that between decentralised
and centralised water markets, which is made on
the basis of the structure of the markets. In the first
category of water markets, buyers and sellers trade
directly with each other without the mediation of a
broker. In this case, prices are set by the market itself
through continuous interactions between buyers and
sellers. In the second category, also called the “smart
market”, water allocation is based on the willingness
to pay (WTP) and willingness to accept (WTA) of mar-
ket participants through a double auction mechanism
implemented by a central authority that receives bids
from both buyers and sellers concerning the water
quantities they want to buy and sell respectively and
the corresponding prices they are willing to pay or ac-
cept as compensation (Xu et al., 2018). A special cat-
egory of centralised water markets are water banks,
which are essentially market mechanisms through
which an administrative body, private or state-con-
trolled, acts as an intermediary when trading water
quantities in order to facilitate and provide information
to traders (Montilla-Lopez et al., 2016). Decentralised
markets are considered more flexible in contrast to
centralised markets which are considered slower and
cumbersome as they often require bureaucratic pro-
cedures to operate (Hill and Tollefson, 1996).

Formal water markets:
particular features and operation

As mentioned above, this paper primarily deals with
formal water markets. Therefore, this section pre-
sents both the particular features that distinguish
formal water markets from other water allocation
methods and a brief description of how they operate.
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Formal water markets’ particular features

The particular features that distinguish a formal wa-
ter market from other methods of water allocation to
competing users or more correctly from other pro-
cesses of transferring water from one user to another
can be summarised in the following three points (Col-
by, 1988; Lee and Jouravlev, 1998):

Tradable water rights, i.e., the quantities of water that
are the subject of a transaction in a formal water mar-
ket, have a separate value from both that of the services
required for the transaction and that of the land that
may contain them. This means that for a formal water
market, water is an economic entity in its own right.

The driving force of a formal water market is the per-
ception among the various users and potential buy-
ers or sellers that water rights transactions work to
their benefit and therefore the reallocation of water
that follows each transaction can be seen to have the
consent of the transactors.

No central authority determines the price or any other
term of a water rights transaction carried out in the
context of a formal water market. What a central au-
thority can do is to impose a framework of rules within
which a formal water market operates. This means,
on the one hand, that both the price and the other
terms governing each transaction are negotiated be-
tween the buyer and the seller and, on the other hand,
that each transaction can be financially profitable for
the seller since the seller is not bound to sell at cost.

Formal water markets’ operation

From the above it is clear that water allocation
through a formal water market is directly linked to the
establishment of tradable water rights (Bekchanov et
al., 2013). What should be noted is that water rights
exist in many countries. What formal water markets
seek to do is either restructure or modify existing
systems towards economic efficiency (Rosegrant and
Binswanger, 1994).

The operation of a formal water market consists of
the initial allocation of water rights and the trading of
rights among users. For this reason, a formal water
market is divided into two sub-markets, the primary
and the secondary market (Wang et al., 2019). This
means that a central authority with a role similar to the
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one described above first sets a water consumption
cap for each user that corresponds to the maximum
amount of water that the user can consume (Borgh-
esi, 2014). This process which is called initial alloca-
tion of water rights or primary water market (Wang
et al,, 2019) is one of the most important parameters
for a formal water market, as it is considered to be
a focus for intensifying competition among users. For
this reason, the primary allocation should be fair or at
least perceived as such by users. The initial allocation
can be carried out in several ways which are as follows
(Tietenberg, 2006; Armitage et al., 1999):

based on historical data on water use by each user,

in a random way, i.e., by the organisation of some
kind of lottery by the central authority regulating the
official water market,

based on queuing theory, i.e., based on the principle
that the first user to apply for water rights is served
first (also known as first-come first-served),

based on specific rules imposed by the central au-
thority which determine a user’s eligibility to partici-
pate in the process, and

through auctions in which different users are invited
to participate.

Once the above process is completed, users have the
possibility to either buy or sell these rights according
to their water needs (Borghesi, 2014). More specifi-
cally, after the initial allocation of water rights, these
rights can be transferred from one user to another
through trading. This marks the transition of the for-
mal water market into a second phase, also called the
secondary water market (Wang et al., 2019).

Transaction costs

As mentioned in the relevant section, a key assumption
of the Coase theorem on which the concept of natural
resources’ markets is essentially based is that of zero
transaction costs. This assumption, of course, is not re-
alistic as in the case of water markets transaction costs
are not equal to zero and are the cause of the operation-
al difficulties that often occur in them (Wang, 2012). The
operation of a formal water market is therefore largely
constrained by transaction costs, which when high can
lead to a reduction in the volume of transactions among
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users and thus limit the positive economic impact of
formal water markets (Armitage et al., 1999).

In general, transaction costs are those costs associated
with the establishment, operation and promotion of a
formal water market and are incurred not only by stake-
holders involved in a transaction but also by the public
sector and relate to both primary and secondary mar-
ket. The existence of transaction costs is felt by partici-
pants in a formal water market through the imposition
of fees and taxes on the transactions that take place
(Lee and Jouravlev, 1998; Armitage et al., 1999).

The activities that are the source of transaction costs
are three: search and information, negotiation, con-
tract signing and decision making, and supervision,
monitoring and promotion (Lee and Jouravlev, 1998).
In particular, transaction costs include (Armitage et
al., 1999; Rosegrant and Binswanger, 1994; Hearne
and Easter, 1997):

The cost of opportunity identification, i.e., transac-
tions that may prove profitable or otherwise buyers
and sellers willing to enter into a transaction.

The cost of negotiations preceding the transaction in
the secondary market or the cost of the central au-
thority in deciding on the initial allocation of water
rights in the primary market.

The costs associated with bureaucratic procedures
involving the validation of a transaction.

The costs of monitoring, limiting or even eliminating
the influence of externalities on transactions. Exter-
nalities in the context of a formal water market can
be defined as the effects of a water rights transac-
tion on a third party that is distinct from the seller and
the buyer, i.e., not directly involved in the transaction
(Raffensperger and Milke, 2017).

The cost of the infrastructure used to transport water
to users, the associated treatment that may be re-
quired and the monitoring of this process.

Conditions for an effective formal water market

There are certain criteria that have to be met in order
for water to be efficiently allocated to users through a
market. In this section, those conditions that are capa-
ble of ensuring the existence of a functional and efficient
market are to be presented.
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In general, the proper operation of any market re-
quires firstly that no user has the ability to control
and determine the price of the traded good, secondly
that the market is monitored by an authority that en-
forces rules and thirdly that transaction costs are low
(Raffensperger and Milke, 2017). When these condi-
tions do not apply, the market is not only not efficient
but is driven to failure.

The proper and efficient operation of any market,
therefore, requires the existence of certain condi-
tions. These conditions for the case of water markets
are those presented below (Lee and Jouravlev, 1998;
Simpson and Ringkog, 1997; Armitage et al,, 1999;
Kraemer et al., 2004; Dinar et al,, 1997; Bekchanov et
al,, 2013; Holden and Thobani, 1996; Rosegrant et al.,
1995; Hung et al., 2014):

There must be a physical and legal possibility for a
water market to exist.

The product that is traded in each market must be
identifiable. In the case of formal water markets, this
means that water rights must be clearly defined in
terms of ownership and measurable and fully differ-
entiated from land tenure. This condition is the most
important prerequisite for the effective functioning of
a water market (Wheeler et al., 2020).

Demand for water must exceed supply so that com-
petition among users occurs.

There must be information on the supply and de-
mand for water.

The quantities of water corresponding to the water
rights that are in turn subject to negotiation must be
available to buyers at the place and time they need
them.

There must be a strong legal and organisational
framework governing the market, which ensures
that:

prospective buyers feel confident that they will
ultimately be able to use the water supplies they
have acquired and derive the benefits they expect
from them,

problems arising between market participants are
resolved,

all users will have water both during periods of
surplus and during periods of shortage,
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users are adequately compensated when they

transfer the water rights granted to them,

the right conditions are not created for a

monopolistic market to develop,

environmental laws are respected and

all stakeholders involved participate in shaping

this framework.
The water market must take into account the social
and cultural dimensions of water. This means that
the way the market operates must be compatible
with the social and cultural values of the area where
it is established.

The water market must be economically sustainable
in the long term.

The initial allocation of water rights and the way in
which this is done must be clearly defined.

Investments should be made in infrastructure to en-
sure the safe transfer of water from one user - the
seller — to another user — the buyer.

Advantages and disadvantages
of water markets

Advantages

Public policy experts on water in every country and
prominent academics and economists around the
world have increased expectations of water markets.
These heightened expectations are based on an antic-
ipated development since the establishment of water
markets and a core belief behind it. The expected de-
velopment is the provision of incentives for more effi-
cient use of water. This means that users who cannot
add much value to water will have an incentive to sell
their allocated rights to other users who are able to
add more value to water. The basic belief is that real-
locating water through a market reduces government
spending on new infrastructure since the demand for
water is reduced, while the possibility of assigning the
operation of water markets exclusively to the private
sector can further reduce central government spend-
ing on the maintenance of existing infrastructure
(Bjornlund and McKay, 2002).

More specifically, the benefits of establishing water
markets can be summarized in the following points
(Rosegrant and Binswanger, 1994; Rosegrant et al.,
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1995; Bekchanov et al., 2013; Armitage et al., 1999;
Howe et al., 1986; Bonnis et al., 2011; Dinar et al.,
1997: Holden and Thobani, 1996):

Water markets offer a great deal of flexibility to
market participants in terms of the price at which
they procure water and, in the case of farmers, the
price at which they sell their products. This means
that when a user considers that the price asked by
another user for the sale of water rights is high, he
can seek another seller who will offer a lower price.
In the case of farmers, they are given the option to
change crops when they consider a particular crop to
be more profitable, regardless of how water-inten-
sive it is, as there is no question of water supply.

The position of users is strengthened as the realloca-
tion of water through a market is a process in which
their interests are taken into account, which is partic-
ularly the case in the initial allocation of water rights,
and financial compensation is provided for those us-
ers who transfer their water rights to others.

It increases users’ security of tenure of their water
rights as no user is obliged to transfer their rights
to others.

Incentives are created to adopt water-saving tech-
niques, since the water saved can be a source of ad-
ditional income for the users.

Users are offered the possibility to obtain additional
economic benefits by selling part of the water rights
originally granted to them.

It enables mainly professional users (industry and
farmers) to re-evaluate the profitability of their activ-
ities as the establishment of the water market opens
up new business opportunities for them through the
sale of water rights which may be more profitable
than their main activity. In other words, users are
induced to take into account their opportunity costs.

Water markets are more acceptable to users both
compared with other water allocation methods and
compared with traditional water pricing methods.
This is due to the fact that transactions through a
water market guarantee a climate of fairness as if
someone considers that they do not have an interest
in the purchase and sale of water rights, they may
simply not participate in the market.
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Water markets are generally considered to reduce
the information costs of the central authority respon-
sible for water management, as the information re-
quired is now generated by the market itself and the
users bear the corresponding costs.

Environmental protection is enhanced as the shift to-
wards more efficient water management implied by
the establishment of a water market is considered to
reduce the pollution associated with irrigation water.

Disadvantages

Despite the multiple benefits of establishing water
markets, there are factors that can be an obstacle
to their effective operation. These factors are main-
ly related to the specific physical, technological and
economic characteristics of water, which make it dif-
ficult to implement water markets, especially when
compared with other economic instruments used for
water allocation and management (Rosegrant et al,,
1995; Bonnis et al., 2011).

The effectiveness of water markets is largely limited
by the ability of potential sellers and buyers of water
rights to first easily carry out a transaction and then
to measure and transfer the respective quantities of
water and to guarantee the quality required by each
transaction (Hearne and Easter, 1997). Therefore, the
flexibility of water markets depends on the availabili-
ty of infrastructure for water storage and distribution.
This means on the one hand that users may not be
able to transfer quantities of water from one place to
another or store the water they purchased until they
need it due to the lack of suitable or sufficient infra-
structure (Debaere et al., 2014). At the same time, un-
regulated purchase and sale of water rights through
free, private agreements has the potential to cause
negative impacts on users who do not participate in
the transaction and negatively affect people, especial-
ly low-income farmers (Hearne and Easter, 1997).

In particular, the disadvantages of water markets can
be summarized in the following points (Dinar et al.,
1997; Holden and Thobani, 1996; Thobani, 1997; Lee
and Jouravlev, 1998; Delorit and Block, 2018; Bonnis
etal, 2011):

In many countries there is a prevailing perception
that water is a fundamental good for human surviv-
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al and therefore its management should be under
public control. In other words, it is considered that
social benefits outweigh private economic benefits.

There are practical difficulties associated with
measuring water, defining rights and establishing
an institutional framework for market formation as
discussed in a previous section.

The consumption of large quantities of water for
urban and industrial use may lead to an increase
in environmental pollution if appropriate measures
are not taken.

The transaction costs mentioned at length above
are particularly high.

The requirements for fixed capital investments are
particularly high and the payback period for such
capital is long, so there is a strong risk of monop-
olies developing.

Government intervention can by no means be ruled
out as there will always be issues directly linked to
water in terms of flood control, disease and pollu-
tion that private initiative is unable or unwilling to
resolve. This precludes the fully independent and
seamless operation of any water market.

There is always the risk of socio-economic inequal-
ity, i.e., people with low incomes being excluded
from access to water. This is particularly true for
small farmers who will either acquire limited water
rights and will therefore be forced to switch to less
water-intensive and therefore less profitable crops
or will not acquire any water rights at all as these
will end up with large companies and wealthy in-
dividuals.

It cannot be ruled out that a monopoly or monop-
sony will be formed which will determine prices or
even the emergence of speculation.

Water markets are characterised by learning
curves that are difficult to formulate on the part of
users, since each user is confronted with a large
number of other users who are potential buyers
or sellers whose behaviour must gradually be de-
coded. This process is particularly time-consuming
and difficult and is clearly more difficult than in the
case where water is allocated by other methods or
charged by simple billing.
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International experience

This section attempts to summarise the develop-
ment of water markets in the world. Water markets
have been implemented primarily in regions outside
Europe and in developed countries such as Australia
and the United States of America. Among developing
countries, only Chile has stood out in the development
of water markets. Since water markets in each coun-
try operate under a specific social and institutional
framework the experience gained from each coun-
try is different (Hadjigeorgalis, 2009; Mattheis et al.,
2009). Fig. 7 summarises the international experience
of establishing water markets in different regions of
the world and then a more detailed account of this by
continent is provided.

Europe

Water markets have not been widely implemented in
Europe. This is due to the various obstacles that exist
and make it difficult to implement them in this region,
the main one being the difficulty in understanding the
process. Indeed, there are countries such as France
and ltaly which have rejected the possibility of es-
tablishing water markets for decades. There are, of
course, cases of informal water markets’ establish-
ment in Mediterranean regions with intensive agricul-
tural activity (Rey et al., 2019; Mattheis et al., 2009).

The most prominent example of the implementation
of water markets in Europe is Spain. In Spain in many
areas facing water scarcity problems, there are infor-
mal water markets, which take the form of simple
agreements between individuals to reallocate water
without any central control. However, water markets
were formally introduced in Spain in 1999 with the
passing of Law 46/1999 and the first transactions
took place a year later. This law included the legal
framework under which water markets would oper-
ate in the future and provided for the establishment
of formal water markets in the form of local markets
and water banks (Palomo-Hierro et al,, 2015). What
this law essentially allowed was voluntary transac-
tions of water quantities for an economic consider-
ation among users at the river basin level and during
periods of drought, provided that the quantities of wa-
ter traded were allocated to corresponding or high-
er priority uses (Calatrava and Martinez-Granados,
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2018). The Catalonia region in Spain is one of the ar-
eas where water markets have been established and
farmers have the possibility to sell their water rights
to other farmers or companies (Mattheis et al., 2009).

Americas

In the United States of America, water markets have
been implemented mainly in Western States where
high population growth has raised concerns about
ensuring sufficient water for the population (Borgh-
esi, 2014). Typical examples include the Rio Grande
markets in the State of New Mexico, water markets in
the States of Texas and California. In the former case
where water rights are sold or leased on an annu-
al or long-term basis, empirical evidence suggests
that overall water use has eventually increased while
raising social justice issues related to poorer users.
In the second case, only those users who are able to
make a profit can use water while in the third case,
water rights transactions can only take place between
a small number of agents and not between all users
(Mattheis et al., 2009). The case of California is con-
sidered to be special and quite successful with the
success being due to the fact that the oversight of the
trading process is under the control of the State as
well as the fact that the way it operates differentiates
it from other water markets making it more similar to
a water bank (Borghesi, 2014; Dinar et al., 1997).

The best known example of the implementation
of water markets not only in the Americas but also
around the world is that of Chile (Mattheis et al,
2009). The Chilean example has been used by re-
searchers both to support the establishment of water
markets and to oppose them. In Chile, water markets
were part of a broader policy of free-market manage-
ment of natural resources introduced by the military
government of Augusto Pinochet, who took over the
country in 1973, and based on the rulers’ belief that
the optimal and most efficient allocation of these re-
sources should not be the responsibility of the State
but of the market (Donoso, 2003). This policy intend-
ed on the one hand to promote private investment
in the infrastructure used to manage water and on
the other hand to reinforce the public belief that wa-
ter is an object like all others and therefore can be
wholly owned (Raffensperger and Milke, 2017). The
latter pursuit is what differentiates Chile and makes
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it a pioneer in approaching water as a fully tradable
commodity (Bauer, 2005). Despite the widespread
implementation of water markets in Chile for sever-
al decades, many problems still remain unresolved,
the main ones being the management of externalities
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and the determination of water rights, while it seems
that water markets do not confirm the initial expec-
tation that accompanied their creation, which was to
increase the economic efficiency of water (Mattheis
et al., 2009).

Fig. 7. Brief description of the international experience from water markets’ establishment

U.S.A.
Establishment of water markets in the Western States
Californian water markets are successful and special:
= The State has the supervision of the trading process,
= More like water banks than water markets

Mexico

+ Reforms towards
a free market-
centered
approach during
‘90s
Establishment of
a tradable water
rights system
Water rights
belong to Nation

Most well-known example of water
markets’ establishment worldwide
Pioneer in treating water as fully
marketable commodity

Problems concerning externalities’
management, definition of water rights
and increase in the economic efficiency of

water

Source: own work

The idea of establishing water markets in Chile began
in 1976 with the introduction of water rights alongside
the re-privatisation of land that had been collectivised
in 1966 (Rosegrant and Binswanger, 1994). However,
it was the Chilean National Water Code which ap-
peared in 1981 that established a system of tradable
water rights completely independent of land tenure
and use (Dinar et al.,, 1997). The 1981 Chilean National
Water Code was seen by some as a successful neo-
liberal reform, highlighting the benefits of the contri-
bution of free market forces to more efficient water

Europe
No wide establishment with the exception
of Mediterranean areas with strong
agricultural activity
Difficulties in understanding the whole

Informal water markets in
China, Thailand and
Pakistan
In China promotion of a
governmental programme
for the development of
tradable water rights’
system with pilot
implementation in Yellow
River basin

\/ ¥ e ° o

\ °

AN

Australia
Introduction of Water Act
in 1989 which is a legal
framework for water
markets’ operation
The water market in
Murray-Darling basin is the
most successful in the
world
Water markets still face
problems concerning
environmental and social
justice issues

management, and by others as an ideological and
social aberration due to the complete liberalization of
water trading (Bauer, 1997; Bauer, 2005).

Chile's approach to water has been an inspiration for
many Central and South American countries such
as Mexico and Peru. In Mexico in particular, as the
country’'s economy was driven towards a free mar-
ket-centred approach it was increasingly understood
that the establishment of a system of tradable water
rights offered flexibility in the face of changes in wa-
ter demand. For this reason, reforms were promoted
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during the 1990s. The main difference with the legal
framework established in Chile is that in Mexico water
rights are the property of the Nation and not of private
individuals, who of course grant their use for a peri-
od of five to fifty years to them (Holden and Thobani,
1996). Water rights transactions in Mexico provided
an excellent source of income and debt repayment for
poor farmers who had accumulated exorbitant debts
due to unprofitable crops (Thobani, 1997). In the case
of Peru, during the 1990s there were severe problems
with the reliability of the water infrastructure and con-
sequently the supply of sufficient quantities of water
for urban and rural use. In order to address these
problems, the government of the country promoted a
law related to water that provided for the allocation of
water rights to different users without charge which
could then be traded under a specific set of regula-
tions and rules (Holden and Thobani, 1996).

Asia

In Asia, informal water markets have been established
to allocate groundwater in China, Thailand, India and
Pakistan, mainly in areas with water scarcity prob-
lems. These markets are seen as flexible and are under
community control (Hadjigeorgalis, 2009). In terms of
formal water markets, in China, the government since
the beginning of the millennium has changed the way
water is managed by promoting a programme to de-
velop a tradable water rights system, i.e., by establish-
ing water markets. This programme has already been
piloted in areas of North China such as the Yellow Riv-
er Basin (Wang, 2012). In general, however, it is gen-
erally considered that this program is more a project
of sensationalism than substance (Wang et al., 2019).

Australia

Australia, which is the driest continent on Earth, is an-
other case of the implementation of water markets.
When water markets were first established in Aus-
tralia, an adequate and appropriate legal framework
governing their operation was not developed, resulting
in social, environmental and economic impacts. Such
a framework was formalised in 1989 with the intro-
duction of the Water Act, which provided for regula-
tions to govern water rights transactions (Mattheis et
al,, 2009). In 2014, new rules were introduced to reg-
ulate the conflicts that often arise from the operation
of markets (Raffensperger and Milke, 2017). The most
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prominent example of a successful water market not
only in Australia but around the world is that of the
Murray-Darling catchment, a region with large varia-
tions in rainfall and at the same time high water de-
mands both for agricultural production as about one-
third of Australia’s food supplies are produced there
and for domestic consumption as more than two mil-
lion people live in the area (Raffensperger and Milke,
2017; Loch et al.,, 2013). This success is due in large
part to the way water markets in Australia have been
designed - separating water rights from land owner-
ship and offering users different types of rights such
as long-term access to a specific amount of water
and simple annual allocations - but also to particular
characteristics of this region such as the large number
of farmers who consume 80% of the total amount of
water consumed in the Murray-Darling region and the
public funding of the project (Breviglieri et al., 2018).
Despite their success, of course, water markets in
Australia still face problems, the main ones being
those related to environmental issues and those relat-
ed to social justice issues, as in this case there is also
the phenomenon of the predominance of large farm-
ers over smaller farmers at the crop level (Borghesi,
2014).

Conclusions

This paper is a systematic literature review that aims to
present an overview of water markets and the interna-
tional experience gained from their establishment and
operation in various countries. To achieve this purpose,
91 relevant studies found after a search of scientific
databases were thoroughly studied by setting specific
criteria.

The study of the selected literature sources led to the
collection of information on the precise definition of
water markets, the background behind them, the main
categories into which they are divided, their main fea-
tures, the conditions that have to be met for them to
operate effectively, the advantages and disadvantages
they present as methods of allocating water to differ-
ent users and as an economic instrument for demand
management, and the establishment of water markets
in various countries. This information was organised
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and presented in an appropriate manner.

The general conclusion drawn from this paper is that
water markets are a worthwhile alternative for allocat-
ing water to competing users and thus for the efficient
management of this natural resource and therefore
have been implemented in several countries. At the
same time, in addition to this general conclusion, the
following individual conclusions also emerge:
first, the most important advantage put forward by
the proponents of water markets is that they in-
crease the economic efficiency of water by encour-
aging users who have no or limited economic benefit
from water use to sell the amount of water allocated
to them to users who are able to derive large eco-
nomic benefits from it;

secondly, the main disadvantage raised by those who
do not support water markets relates to issues of so-
cial justice, as it is considered that the way a water
market operates essentially excludes low-income
users from consuming this fundamental resource;

thirdly, the establishment and operation of water
markets has been largely linked to neoliberal eco-
nomic policies implemented mainly in Latin Amer-
ican countries since the 1970s. This fact, combined

References

Aghaie, V., Alizadeh, H. and Afshar, A. (2020) Agent-Based hy-
dro-economic modelling for analysis of groundwater-based
irrigation Water Market mechanisms. Agricultural Water Man-
agement 234. https://doi.org/10.1016/j.agwat.2020.106140

Andersen, M.S. (2001) Economic Instruments and Clean Water:
Why Institutions and Policy Design Matter. Organisation for Eco-
nomic Co-operation and Development, Paris.

Armitage, R.M., Nieuwoudt, W.L. and Backeberg, G.R. (1999)
Establishing tradable water rights: Case studies of two irriga-
tion districts in South Africa. Water SA 25 (3): 301-310.

Bauer, C.J. (1997) Bringing Water Markets Down to Earth: The
Political Economy of Water Rights in Chile, 1976-95. World
Development 25 (5): 639-656. https://doi.org/10.1016/S0305-
750X(96)00128-3

Bauer, C.J. (2005) In the image of the market: the Chilean model
of water resources management. International Journal of Wa-
ter 3 (2): 146-165. https://doi.org/10.1504/1JW.2005.007283

2022/78/1

with the fact that their focus is on viewing water as
an economic good, the high transaction costs and the
difficulty of establishing a perfectly fair legal frame-
work governing their operation, makes water mar-
kets cautiously considered by many researchers.

Taking into account all of the above, it is fully under-
stood that despite any disadvantages associated with
the establishment and operation of water markets, and
given that the need for efficient methods of water re-
sources management still exists, exploring the possi-
bilities of modifying their operational context to make
them not only a cost-effective but also a socially equita-
ble solution for water management and distribution is a
challenge for the scientific community.

In general, this study could be used as the theoretical basis
for the construction of operational research models that
intend to make the operation of water markets better and
more efficient and it could also be used as a useful source
of information for scholars that deal with water markets.

Acknowledgements

Part of the present research was initially presented in
CEMEPE2021 Conference, July 20 to 24, 2021, Thes-
saloniki, Greece.

Bekchanov, M., Bhaduri, A. and Ringler, C. (2013) How market-
based water allocation can improve water use efficiency in the
Aral Sea basin?. ZEF Discussion Papers on Development Pol-
icy, 177. University of Bonn, Center for Development Research
(ZEF), Bonn. https://doi.org/10.2139/ssrn.2255535

Bekchanov, M., Bhaduri, A. and Ringler, C. (2015) Potential gains
from water rights trading in the Aral Sea Basin. Agricultural
Water Management 152: 41-56. https://doi.org/10.1016/j.ag-
wat.2014.12.011

Biswas, A.K. (2008) Integrated Water Resources Management:
Is It Working? Water Resources Development 24 (1): 5-22.
https://doi.org/10.1080/07900620701871718

Bjornlund, H. (2004) Formal and informal water markets: Driv-
ers of sustainable rural communities? Water Resources Re-
search 40: 1-12. https://doi.org/10.1029/2003WR002852

Bjornlund, H. and McKay, J. (2002) Aspects of water markets
for developing countries: Experiences from Australia, Chile, and



Environmental Research, Engineering and Management

the US. Environment and Development Economics 7: 769-795.
https://doi.org/10.1017/S1355770X02000463

Bonnis, G., Maestu, J. and Gomez, C.M. (2011) Economic instru-
ments as tools for water management in the transition towards
a green economy. Proceedings of the UN-Water International
Conference, October 3-5, Zaragoza, Spain:1-7.

Borghesi, S. (2014) Water tradable permits: a review of theoret-
ical and case studies. Journal of Environmental Planning and
Management 57 (9): 1305-1332. https://doi.org/10.1080/0964
0568.2013.820175

Breviglieri, G.V., Osorio, G.I.S. and Pupim de Oliveira, J.A. (2018)
Understanding the emergence of water market institutions:
Learning from functioning water markets in three coun-
tries. Water Policy 20: 1075-1091. https://doi.org/10.2166/
wp.2018.119

Busalim, AH. and Hussin, A.R.C. (2016) Understanding social
commerce: A systematic literature review and directions for
further research. International Journal of Information Man-
agement 36 (6): 1075-1088. https://doi.org/10.1016/j.ijinfo-
mgt.2016.06.005

Buzolic, B., Arumi, J.L. and Jimenez, J. (2021) How Much Does
Water Management Cost? The Case of the Water Market in the
Nuble River of South-Central Chile. Water 13: 1-15. https://doi.
org/10.3390/w13030258

Calatrava, J. and Martinez-Granados, D. (2018) The limited suc-
cess of formal water markets in the Segura River basin, Spain.
International Journal of Water Resources Development 34 (6):
961-981. https://doi.org/10.1080/07900627.2017.1378628

Campanhao, L.M.B., Picharillo, C., Ranieri, V.E.L and Okawa,
C.M.P. (2021) Socioeconomic and environmental impacts of wa-
ter markets: a literature review. Desenvolvimento e Meio Am-
biente 56: 275-291. https://doi.org/10.5380/dma.v56i0.73765

Chiueh, Y.W. and Huang, C.C. (2015) The Willingness to Pay
by Industrial Sectors for Agricultural Water Transfer During
Drought Periods in Taiwan. Environment and Natural Resourc-
es Research 5 (1): 38-45. https://doi.org/10.5539/enrr.v5n1p38

Chong, H. and Sunding, D. (2006) Water Markets and Trading.
Annual Review of Environment and Resources 31: 11.1-11.26.
https://doi.org/10.1146/annurev.energy.31.020105.100323

Coase, R.H. (1960) The Problem of Social Cost. Journal of Law
and Economics 3: 1-44. https://doi.org/10.1086/466560

Colby, B.G. (1988) Economic Impacts of Water Law-State Law
and Water Market Development in the Southwest. Natural Re-
sources Journal 28 (4): 721-749.

Crase, L., O'Reilly, L. and Dollery, B. (2000) Water markets as a
vehicle for water reform: The case of New South Wales. Aus-
tralian Journal of Agricultural and Resource Economics, 44 (2),
299-321. https://doi.org/10.1111/1467-8489.00113

2022/78/1

Debaere, P. (2014) The Global Economics of Water: Is wa-
ter a Source of Comparative Advantage?. American Eco-
nomic Journal: Applied Economics 6: 32-48. https://doi.
org/10.1257/app.6.2.32

Debaere, P. and Li, T. (2020) The effects of water markets: Ev-
idence from the Rio Grande. Paper selected for presentation
at the 2017 Agricultural and Applied Economics Association
Annual Meeting, Chicago, Illinois, July 30-August 1.

Debaere, P, Richter, B.D., Davis, K.F,, Duvall, M.S., Gephart,
J.A.,, 0" Bannon, C.E., Pelnik, C., Powell, E.M. and Smith, T.W.
(2014) Water markets as a response to scarcity. Water Policy
16: 625-649. https://doi.org/10.2166/wp.2014.165

Delorit, J.D. and Block, P.J. (2018) Promoting Competitive
Water Resource Use Efficiency at the Water-Market Scale:
An Intercooperative Demand Equilibrium-Based Approach
to Water Trading. Water Resources Research 54: 5394-5421.
https://doi.org/10.1029/2017WR022323

Deng, X., Song, X. and Xu, Z. (2018) Transaction Costs, Modes,
and Scales from Agricultural to Industrial Water Rights Trad-
ing in an Inland River Basin, Northwest China. Water 10: 1-16.
https://doi.org/10.3390/w10111598

Dinar, A., Rosegrant, M.W. and Meinzen-Dick, R. (1997) Water
allocation mechanisms-Principles and Examples. Policy Re-
search Working Paper. The World Bank, Washington DC, USA.
https://doi.org/10.1596/1813-9450-1779

Donohew, Z. (2009) Property rights and western United
States water markets. Australian Journal of Agricultural and
Resource Economics, 53: 85-103. https://doi.org/10.1111/
j.1467-8489.2007.00427.x

Donoso, G.H. (2003) Water Markets: Case Study of Chile's
1981 Water Code. Pontifical Catholic University of Chile, Fac-
ulty of Agriculture and Forestry, Department of Agricultural
Economics.

Dou, M., Zhang, J., Li, G. and Zhao, P. (2019) A multi-objec-
tive water trading optimization model for Henan Province's
water-receiving area in the Middle Route of China's South-
to-North Water Diversion Project. Water Policy 21: 693-707.
https://doi.org/10.2166/wp.2019.184

Draper, S.E. (2005) The Unintended Consequences of Trada-
ble Property Rights to Water. Natural Resources and Environ-
ment: 49-55.

Easter, KW. and Huang, Q. (2014) Water Markets for the 21st
Century. Springer Science+Business Media, Dordrecht, Neth-
erlands. https://doi.org/10.1007/978-94-017-9081-9

Easter, K.W., Rosegrant, M.W. and Dinar, A. (1999) Formal and
informal markets for water: Institutions, performance, and
constraints. The World Bank Research Observer 14 (1): 99-
116. https://doi.org/10.1093/wbro/14.1.99



Environmental Research, Engineering and Management

Ellerman, A. D. (2005) A note on tradeable permits. Environ-
mental and Resource Economics 31: 123-131. https://doi.
org/10.1007/s10640-005-1760-z

Endo, T., Kakinuma, K., Yoshikawa, S. and Kanae, S. (2018) Are
water markets globally applicable? Environmental Research
Letters, 13:1-8. https://doi.org/10.1088/1748-9326/aaac08

Erfani, T., Binions, 0. and Harou, J. J. (2015) Protecting envi-
ronmental flows through enhanced water licensing and water
markets. Hydrology and Earth System Sciences 19: 675-689.
https://doi.org/10.5194/hess-19-675-2015

Hadjigeorgalis, E. (2009) A place for water markets: Perfor-
mance and challenges. Review of Agricultural Economics 31
(1): 50-67. https://doi.org/10.1111/].1467-9353.2008.01425.x

He, T., Wang, C,, Wang, Z,, He, X, Liu, H. and Zhang, J (2021).
Assessing the agricultural water savings-economy-ecological
environment system in an arid area of northwest China using
a water rights transaction model. Water 13: 1-13. https://doi.
org/10.3390/w13091233

Hearne, R.R. and Easter, K.W. (1997) The economic and financial
gains from water markets in Chile. Agricultural Economics 15:
187-199. https://doi.org/10.1111/}.1574-0862.1997.tb00431.x

Hearne, R. R. and Trava, J.L. (1997) Water Markets in Mexico:
Opportunities and Constraints. International Institute for Envi-
ronment and Development, London.

Hernandez-Mora, N. and Del Moral, L. (2015) Developing mar-
kets for water reallocation: Revisiting the experience of Span-
ish water mercantilizacion. Geoforum 62: 143-155. https://doi.
org/10.1016/j.geoforum.2015.04.011

Hill, H. and Tollefson, L. (1996) Institutional questions and Social
Challenges. In Pereira L.S., Fedds R.A,, Gilley J.R. and Lesaffre
B. (eds) Sustainability of Irrigated Agriculture. Kulwer Academ-
ic Publishers: Dordrecht, London, United Kingdom. https://doi.
0rg/10.1007/978-94-015-8700-6_4

Hodgson, S. (2006) Modern Water Rights: Theory and Practice
116. Legislative Study, 92. Food and Agriculture Organization of
the United Nations, Rome.

Hoffman, E. and Spitzer, M.L. (1982) The Coase Theorem: Some
Experimental Tests. Journal of Law and Economics 25 (1): 73-
98. https://doi.org/10.1086/467008

Holden, P. and Thobani, M. (1996) Tradable water rights: a prop-
erty rights approach to resolving water shortages and promot-
ing investment. Policy Research Dissemination Center, Working
Paper 1627. The World Bank, Washington DC, USA.

Howe, C.W. and Goemans, C. (2003) Water transfers and their
impacts: Lessons from three Colorado water markets. Journal
of the American Water Resources Association 39 (5): 1055-
1065. https://doi.org/10.1111/}.1752-1688.2003.tb03692.x

2022/78/1

Howe, C.W.,, Schurmeier, D.R. and Shaw, W.D. (1986) Innovative
Approaches to Water Allocation: The Potential for Water Mar-
kets. Water Resources Research 22 (4): 439-445. https://doi.
org/10.1029/WR022i004p00439

Hung, M.F,, Shaw, D. And Chie, B.T. (2014) Water Trading: Loca-
tional Water Rights, Economic Efficiency and Third-Party Effect.
Water 6 (3): 723-744. In Viaggi D., Raggi M. and Zanni G. (eds)
Water Policy, Productivity and Economic Efficiency: MDPI, Ba-
sel, Switzerland.https://doi.org/10.3390/w6030723

Jakeman, A.J.,, Barreteau, O., Hunt, R.J., Rinaudo, J.D. and Ross,
A. (2016) Integrated Groundwater Management: Concepts, Ap-
proaches and Challenges. Springer International Publishing
AG, Cham, Switzerland. https://doi.org/10.1007/978-3-319-
23576-9

Koopman, J.F.L., Kuik, 0. Tol, R.S.J. and Brouwer, R. (2017)
The potential of water markets to allocate water between in-
dystry, agriculture and public water utilities as an adaptation
mechanism to climate change. Mitigation and Adaptation Strat-
egies for Global Change 22: 325-347. https://doi.org/10.1007/
s11027-015-9662-z

Koundouri, P. and Papandreou, N.A. (2014). Water Resources
Management Sustaining Socio- Economic Welfare: The Imple-
mentation of the European Water Framework Directive in Aso-
pos River Basin in Greece. Springer Science+Business Media,
Dordrecht, Netherlands. https://doi.org/10.1007/978-94-007-
7636-4

Kraemer, R.A., Kampa, E. And Interwies, E. (2004) The Role of
Tradable Permits in Water Pollution Control. Inter-American
Development Bank, Sustainable Development Department,
Environment Division.

Landa, AH., Szabo, I., Le Brun, L., Owen, |, Fletcher, G. and Hill,
M. (2011) An Evidence-Based Approach to Scoping Reviews.
The Electronic Journal Information Systems Evaluation 14 (1):
46-52.

Latinopoulos, D. (2016) Equity considerations in implementing
tradable water permits systems in agriculture - A case study
from Greece. European Water 55: 7-19.

Latinopoulos, D. and Sartzetakis, E.S. (2014) Using Tradable
Water Permits in Irrigated Agriculture. Environmental and
Resource Economics 60: 349-370. https://doi.org/10.1007/
s10640-014-9770-3

Lee, T.R. and Jouravlev, AS. (1998) Prices, property and mar-
kets in water allocation. Economic Commission for Latin Amer-
ica and the Caribbean, United Nations, Santiago, Chile.

Lewis, D. and Zheng, H. (2019) How could water markets like
Australia's work in China? International Journal of Water Re-
sources Development 35 (4): 638-658. https://doi.org/10.1080/
07900627.2018.1457514



Environmental Research, Engineering and Management

Li, T., Zeng, X,, Chen, C., Kong, X., Zhang, J., Zhu, Y., Zhang, F. and
Dong, H. (2019) Scenario analysis of initial water-rights alloca-
tion to improve regional water productivities. Water 11: 1-20.
https://doi.org/10.3390/w11061312

Liu, Y., Tang, P, Xu, T. and Zheng, H. (2016) Optimizing trading
assignments in water right markets. Proceedings of the 30th
AAAI Conference on Atrtificial Intelligence (AAAI-16), 551-557.

Loch, A., Wheeler, S., Bjorlund, H., Beecham, S., Edwards, J.,
Zuo, A. and Shanahan, M. (2013) The role of water markets in
climate change adaptation. Final report prepared for the Na-
tional Climate Change Adaotation Research Facility.

Lubell, M. and Edelenbos, J. (2013) Integrated Water Resourc-
es Management: A Comparative Laboratory for Water Govern-
ance. International Journal of Water Governance 1 (3): 177-196.
https://doi.org/10.7564/13-1JWG14

Matchhaya, G., Nhamo, L., Nhlengethwa, S. and Nhemachena,
C. (2019) An Overview of Water Markets in Southern Africa: An
Option for Water Management in Times of Scarcity. Water 11:
1-16. https://doi.org/10.3390/w11051006

Matthei3, V., Le Mat, 0. and Strosser, P. (2009) Which role for
economic instruments in the management of water resources
in Europe?; In search for innovative ideas for application in the
Netherlands. Report for the Dutch Ministry of Transport, Public
Works and Water Management, France.

McKinney, D. C. and Savitsky, A. G. (2006) Basic Optimization
Models for Water and Energy Management. Report for the Unit-
ed States Agency for International Development.

Medema, S.G. and Zerbe, R.0.Jr. (1999) The Coase Theorem. In
Medema S., Bouckaert G. and DeGeest G. (eds) Encyclopedia of
law and economics. Edward Elgar: Aldershot, United Kingdom.

Meran, G., Siehlow, M. and Von Hirschhausen, C. (2021) The
Economics of Water: Rules and Institutions. Springer In-
ternational Publishing AG, Cham, Switzerland. https://doi.
org/10.1007/978-3-030-48485-9

Montilla-Lopez, N.M., Gutierrez-Martin, C. and Gomez-Limon,
J.A. (2016) Water Banks: What Have We Learnt from the Inter-
national Experience? Water 8: 1-19. https://doi.org/10.3390/
w8100466

Palomo-Hierro, S., Gomez-Limon, J.A. and Riesgo, L. (2015)
Water Markets in Spain: Performance and Challenges. Water 7:
652-678. https://doi.org/10.3390/w7020652

Patelarou E. And Mprokalaki, H. (2010) Methodology of system-
atic review and meta-analysis. Nosileutiki 49 (2): 122-130 (in
greek).

Pharino, C. (2007) Sustainable Water Quality Management Pol-
icy, The Role of Trading: The U.S. Experience. Springer, Neth-
erlands.

2022/78/1

Prabodanie, R. (2018) A Market Mechanism for the Optimal
Control of Groundwater and Surface Water Pollution from Ni-
trates. PhD thesis. University of Canterbury, New Zealand.

Raffensperger, J.F. and Milke, MW. (2017) Smart markets for
water resources: a manual for implementation. Springer In-
ternational Publishing AG, Cham, Switzerland. https://doi.
org/10.7249/CB901

Regan, D.H. (1972) The Problem of Social Cost Revisited.
Journal of Law and Economics 15: 427-437. https://doi.
org/10.1086/466745

Rey, D., Pérez-Blanco, C.D., Escriva-Bou, A., Girard, C. and Veld-
kamp, T.LE. (2019) Role of economic instruments in water al-
location reform: lessons from Europe. International Journal of
Water Resources Development 35: 206-239. https://doi.org/10
.1080/07900627.2017.1422702

Richter, B. (2016) Water Share: Using water markets and im-
pact investment to drive sustainability. The Nature Conservan-
cy: Washington, D.C..

Rioz, M.A. and Quiroz, J.A. (1995) The market of water rights in
Chile: major issues. Cuadernos de Economia 97:317-345.

Rodriguez-Flores, J.M., Medellin-Azuara, J., Valdivia-Alcald, R,
Arana-Coronado, O.A. and Garcia-Sanchez, R.C. (2019) Insights
from a calibrated optimization model for irrigated agriculture un-
der drought in an irrigation district on the central Mexican high
plains. Water 11: 1-23. https://doi.org/10.3390/w11040858

Rosegrant, M.W. and Binswanger, H.P. (1994) Markets in trad-
able water rights: Potential for efficiency gains in developing
country water resource allocation. World Development 22 (11):
1613-1625. https://doi.org/10.1016/0305-750X(94)00075-1

Rosegrant, M.W., Schleyer, R.G. and Yadav, S.N. (1995) Water
policy for efficient agricultural diversification: market-based
approaches. Food Policy 20 (3): 203-223. https://doi.
org/10.1016/0306-9192(95)00014-6

Rosegrant, M\W., Ringler, C., McKinney, D.C., Cai, X., Keller, A. and
Donoso, G. (2000) Integrated economic-hydrologic water mod-
eling at the basin scale: the Maipo river basin. Agricultural Eco-
nomics 24: 33-46. https://doi.org/10.1111/j.1574-0862.2000.
tb00091

Schwabe, K., Nemati, M., Landry, C. and Zimmerman, G. (2020)
Water markets in the Western United States: Trends and oppor-
tunities. Water 12: 1-15. https://doi.org/10.3390/w12010233

Seidl, C., Wheeler, S.A. and Zuo, A. (2020) Treating water mar-
kets like stock markets: Key water market reform lessons
in the Murray-Darling Basin. Journal of Hydrology 581: 1-1é.
https://doi.org/10.1016/j.jhydrol.2019.124399

Simpson, L. and Ringskog, K. (1997) Water Markets in the
Americas. The World Bank: Washington D.C., United States of
America. https://doi.org/10.1596/0-8213-4088-3



Environmental Research, Engineering and Management

Stigler, G.J. (1966) The Theory of Price, 3rd edn. Macmillan: New
York.

The Allen Consulting Group (2006) Transaction costs of water
markets and environmental policy instruments. Final Report to
the Productivity Commission.

Thobani, M. (1997) Formal Water Markets: Why, When and
How to Introduce Tradable Water Rights. The World Bank Re-
search Observer,12 (2): 161-179. https://doi.org/10.1093/
wbro/12.2.161

Tietenberg T. (2006) Tradable Permits in Principle and Practice.
In: Freeman J., Kolstad C. (eds) Moving to Markets in Envi-
ronmental Regulation. Oxford University Press, Oxford: 63-94.
https://doi.org/10.1093/acprof:0s0/9780195189650.003.0004

Tsiarapas, A. and Mallios, Z. (2020) Operational Research Mod-
els in Water Resources Management: A Literature Review. Pro-
ceedings of the International Conference Protection and Resto-
ration of the Environment XV, Patras, Greece: 821-831.

Venkatachalam, L. (2015) Informal water markets and willing-
ness to pay for water: a case study of the urban poor in Chennai
City, India. International Journal of Water Resources Develop-
ment 31 (1): 134-145. https://doi.org/10.1080/07900627.2014
.920680

Viaggi D., Raggi M. and Zanni G. (2014) Water Policy, Productivi-
ty and Economic Efficiency. MDPI, Basel, Switzerland.

Villanueva, AJ. and Glenk, K. (2021) Irrigators' preferenc-
es for policy instruments to improve water supply reliability.
Journal of Environmental Management 280: 1-12. https://doi.
org/10.1016/j.jenvman.2020.111844

Walter, T., Kloos, J. and Tsegai, D. (2010) Improving water use
efficiency under worsening scarcity: Evidence from the middle
Olifants sub-basin in South Africa. ZEF Discussion Papers on
Development Policy, 143. University of Bonn, Center for De-
velopment Research (ZEF), Bonn. https://doi.org/10.2139/
ssrn. 1713891

Wang, Y. (2012) A simulation of water markets with transaction
costs. Agricultural Water Management 103: 54-61. https://doi.
org/10.1016/j.agwat.2011.10.017

Wang, L., Huang, Y., Zhao, Y., Li, H., He, F, Zhai, J., Zhu, Y., Wang,
Q. and Jiang, S. (2018) Research on optimal water allocation
based on water rights trade under the principle of water de-
mand management: A case study in Bayannur City, China. Wa-
ter 10: 1-18. https://doi.org/10.3390/w10070863

2022/78/1

Wang, L., Zhao, Y., Huang, Y., Wang, J., Li, H., Zhai, J., Zhu,
Y., Wang, Q. and Jiang, S. (2019) Optimal Water Allocation
Based on Water Rights Transaction Models with Administered
and Market-Based Systems: A Case Study of Shiyang River
Basin, China. Water 11 (577): 1-17. https://doi.org/10.3390/
w11030577

Wang, Z.,, Zhang, L., Cheng, L., Liu, K. and Wei, Y.M. (2020)
Basin-Wide Initial Water Rights Allocation Model Considering
Both the Quantity and Quality of Water. Environmental Mode-
ling and Assessment, 25: 581-589. https://doi.org/10.1007/
s10666-020-09709-7

Wheeler, S.A,, Zuo, A., Xu, Y., Haensch, J. and Seidl, C. (2020)
Water market: literature review and empirical analysis. Final
report prepared for the Australian Competition and Consumer
Commission. The University of Adelaide.

Wautich, A, Rosinger, A.Y., Stoler, J., Jepson, W. and Brewis, A.
(2020) Measuring Human Water Needs. American Journal of
Human Biology, 32: 1-17. https://doi.org/10.1002/ajhb.23350

Xu, T, Zheng, H., Zhao, J,, Liy, Y., Tang, P, Yang, Y.C.E. and Wang,
Z. (2018) A Two-Phase Model for Trade Matching and Price
Setting in Double Auction Water Markets. Water Resources Re-
search 54: 2999-3017. https://doi.org/10.1002/2017WR021231

Zafeiriou, G. (2019) Literature review. Lecture notes, Master
in Business Administration, University of Macedonia, Greece
(in greek).

Zeng, X, Li, Y., Huang, G. and Yu, L. (2014) Inexact mathe-
matical modeling for the identification of water trading policy
under uncertainty. Water 6: 229-252. https://doi.org/10.3390/
w6020229

Zhang, L.H., Jia, S.F, Leung, C.K. and Guo, L.P. (2013) An Anal-
ysis on the Transaction Costs of Water Markets under DPA and
UPA Auctions. Water Resources Management 27: 475-484.
https://doi.org/10.1007/s11269-012-0197-8

Zhang, Y., Lu, Y., Zhou, Q. and Wu, F. (2020) Optimal water
allocation scheme based on trade-offs between economic
and ecological water demands in the Heihe River Basin of
Northwest China. Science of the Total Environment, 703: 1-9.
https://doi.org/10.1016/j.scitotenv.2019.134958

Zhu, T., Fernandes-Marques, G. and Lund, J.R. (2015) Hy-
droeconomic optimization of integrated water manage-
ment and tranfers under stochastic surface water supply.
Water Resources Research 51: 3568-3587. https://doi.
org/10.1002/2014WR016519



Environmental Research, Engineering and Management

Appendix

Table 5. Main features of formal and informal water markets (Source: own work)
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