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Abstract

The paper provides an integrated framework to asseder markets in terms of their
institutional underpinnings and the three ‘pillaref integrated water resource
management: economic efficiency, equity and enwrental sustainability. This
framework can be used: (1) to benchmark differersttew markets; (2) to track
performance over time; and (3) to identify wayswhich water markets might be
adjusted by informed policy makers to achieve @elsgoals. The framework is used to
identify strengths and limitations of water markets (1) Australia’s Murray-Darling
Basin; (2) Chile (in particular the Limari Valley8) China (in particular, the North); (4)
South Africa; and (5) the western United Statesddntifies what water markets are
currently able to contribute to integrated watesorgce management, what criteria
underpin these markets, and which components of peeformance may require further
development.
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Introduction

Many parts of the world’s arid and semi-arid regidace the dilemmas of reduced water
supplies (Ludwig and Moench 2009) and an increadielgand for water resources due
to population and income growth (Falkenmark 1999)water scarce and low-income

countries, especially those with high populatiorovgh rates, the effects on the
livelihoods of the poor will be dire without compensive efforts to address water
scarcity. In rich and dry regions, such as Audrali in the US West, the challenge will
be to balance competing demands such as betwerggated agriculture and the

environment (Grafton et al 2010).

To address these global water challenges, ther® meed for effective institutional
arrangements and allocation mechanisms among corgpeters to mitigate and manage
water scarcity. Our contribution is to develop, tbe first time, a comprehensive and
integrated framework to benchmark water markets, @nthe most important allocation
mechanisms. The framework is used to identify gfites and limitations in five water
markets: Australia’s Murray-Darling Basin, Chila articular the Limari Valley), China
(in particular, the North), South Africa, and thestern United States. All these locations
are semi-arid and face, to a greater or lessemgxém expectation of reduced water
availability associated with climate change. Twe g rich countries (Australia and the
United States), two are in low to middle-income raoes (Chile and South Africa), and

one is in a poor, but rapidly developing countriiftz).

To provide the comparisons across different watarkets we use both a qualitative and
guantitative framework that provides an assessnoyar 26 criteria in four key
categories: institutional underpinnings (eight emd), economic efficiency (eight
criteria), equity (five criteria) and environmentalstainability (five criteria). The
framework allows us to identify what water markate currently able to contribute to
integrated water resource management, what criterigerpin these markets, and which

components of their performance may require furtieelopment.



In the following section we describe the integrafteanework and provide an overview
of the five water markets. Sections three, foure fand six separately evaluate the five
water markets, respectively, in terms of their itnbnal underpinnings, economic
efficiency, equity, and environmental sustainapilih section seven we draw together

key and general insights from the integrated assess

An Integrated Water Markets Framewor k

Several indicators of water scarcity, water withelbs, water poverty or ‘peak’ water
have been developed (Palaniappan and Gleick 2068telP Daily and Ehrlich 1996;
Shiklomanov 2003; Sullivan 2002). Most of these sueas are based on physical
guantities of water and are not indicators of thalidy of water institutions. A notable
exception is a Water Institutions Health Index (Wlldeveloped by Dinar and Saleth
(2005) and Saleth and Dinar (2004) that uses lidblas of institutional quality in three
broad categories: law-related, policy-related, anghnization or administration-related
variables. While the WIHI is useful for broad comipans it was not designed to be an
assessment of water markets and, as Dinar anchSdleerve, generates some perverse

rankings®

Previous reviews of water markets include Eastesegrant and Dinar (1998; 1999),
Howe, Schurmeier and Shaw (1986), Rosegrant answiinger (1994), among others.
These studies focus on the benefits of water msuded provide guidance as to how they
may be improved, typically from an economic effrag perspective. Our goal is more
modest, namely, to show how water markets candandunction in very different legal
and institutional frameworks and what this impliasterms of efficiency, equity and
sustainability. We do not provide specific advidmat how to ‘improve’ water markets

and neither do we discuss best practices in tefragater institutions (Saleth and Dinar

> The WIHI has only one variable directly related to water markets. This variable evaluates water rights
and varies from 0 to 7, where 0 indicates no water rights, 1 unclear/unauthorized/scattered rights, 2
common/state rights, 3 multiple rights, 4 riparian system, 5 appropriative systems, 6 proportional sharing
system and 7 indicates the existence of water licenses/permits. It is not clear why a riparian system
should receive a higher rank than multiple rights or why appropriative rights are necessarily superior to
riparian rights. The WIHI also suffers from perverse overall rankings with Myanmar ranking higher than
Australia.



2000). Instead, we develop a comprehensive angrated framework to generate an
ordinal rank of the institutional underpinningsvediter markets and their performance in

terms of integrated water resource management.

Our approach is ‘institutional’ (Livingston 1993gdause it recognizes that objectives,
capacities and institutional constraints differ l'subat there cannot be a single set of
recommendations universally applicable for all watearkets. For example, South
Africa’s National Water Act 1998xplicitly places equity considerations as a tapryy,
putting this goal ahead of economic efficiency enms of how its water markets have
developed (Muller 2009). Consequently, recommendatito improve the economic
efficiency of water markets without sufficient regafor their equity implications are
unlikely to be fully supported within South Africa.

The integrated water markets framework (IWMF) usedour-point scale in four
categories: institutional underpinnings, econonifciency, equity, and environmental
sustainability. It allows for an understanding dfetinstitutional constraints and
challenges of implementing water markets, and ekjyliconsiders the ‘three pillars’ of
integrated water resource management developedheatl®92 Dublin International
Conference on Water and Environment: equity, ecoaafiiciency and environmental
sustainability (Lenton and Muller 2009).

Many of the criteria we use are qualitative measuhat are derived from primary or
secondary data, but some economic efficiency @itare quantitative. The qualitative
scores provide four ordinal rankings: the highdisteg drops) indicates the criterion is
nearly or fully operational; two drops indicateg ttriterion is mostly satisfied but some
further development is required; one drop meansctiterion is partly satisfied and
substantial development is required, while the Etwenking (X) specifies that the
criterion is not operational or is missing. For sowriteria, in some water markets,
insufficient data or information is available taopide a ranking. The contribution of the

integrated framework is that it can be used: (énchmark different water markets; (2)



to track performance over time; and (3) to identifgys in which water markets might be

adjusted by informed policy makers to achieve @elsgoals.

We apply the integrated framework to five water ke#s: Australia’s Murray-Darling
Basin, Chile (in particular the Limari Valley), @iai, South Africa, and the western
United States. In the case of the US limited, lagater markets have existed since the
nineteenth century, while in China they are seltyymuch in their infancy. Chilean water
rights of the Limari Valley are, arguably, the mestrenched in terms of legal rights, but
this market is small in size compared to water miskn Australia’'s Murray-Darling

Basin that were first established in the early X980

In all countries we use secondary data sourceshthat been supplemented by data, first-
hand knowledge and experience with three of themdets (Australia, South Africa and

US). The difference in the ranking across the watarkets shows that, depending on
the goals of policy makers and underlying instdn$i, markets can deliver very different
outcomes. In all cases, even in the most develodr markets, the framework shows
that further development of robust water rights @ymdernance are possible, should

policy makers wish to undertake the necessarymefor

Institutional Under pinnings

The IWMF uses eight criteria to assess the ingtital underpinnings of water markets,
namely: (1) Recognition of the public interest @egnd practical recognition of multiple
interests in water resources and measures to néearanflicts); (2) Administrative
capacity (sufficient administrative authority, rastes and information to manage water
resources effectively); (3) Well-developed horizdntinkages (robust and clear
institutional relationships at a given level of govance); (4) Well-developed vertical
linkages (robust and clear institutional relatiapsh between different levels of
governance); (5) Legal/administrative clarity (aéfonal clarity, particularly in relation
to water rights, as well as transparent adminisgaactions); (6) Conflict resolution
mechanisms (appropriate and robust mechanismsefmiving conflict between water

users and uses where it arises); (7) Adaptive nanegt of institutions (capacity for



institutional adaptation); and (8) Registratiotifig (sufficient processes for ensuring
accurate and updated registration/titling of waigits). A summary of the comparisons

of the five markets in terms of these criteriansvided in Table 1.

Recognition of Public Interest

The public interest includes beneficiaries from evatesources other than direct water users.
This broad conception of the public interest is trieveloped in Australia, the Colorado Basin
and South Africa. In the case of Australia, wag=gource plans are obliged to &stablish the
intended balance between environmental and consuengpée outcomes, as well as setting out
terms and conditions for water access” (NationataV&€ommission 2009a, p. 14). In practice,
wider interests are not necessarily put into op@matConnell and Grafton 2008). In the US,
western states own water in trust for their citzdndividuals holdusufructrights to the water,
subject to the requirement that the use is beéfarid reasonable and is subject to oversight by
the state in monitoring applications and waterdfars to ensure that they are consistent with the
public interest (Gould, 1995, 94). The notion afityic interest’, however, is sufficiently vague
and potentially expansive in justifying state intantion with the effect that uncertainty
regarding water rights and markets is increase& $buth African approach is similar to
Australia with the public interest in water res@saefined under itSational Water Act 1998
and the national government held as the custodfathe public interest (Nieuwoudt and
Armitage 2004, p. 2). In practice, however, théaratl government has failed to prevent major
pollution problems, such as acid mine drainage 8VResearch Commission 2009, pp. 14-17),

that generate substantial external costs.

The divergence between theory and practice is masient in Chile and China. In Chile, the
1981 Water Codspecifies “..water is a natural resource for public use” (He&al888: 142),
but there appears to be little supporting regutairoplace to protect the public interest (Bauer
2004:, p. 33). China’s Constitution provides thaitev resources are owned by the state on
behalf of the people (Speed 2010a, p. 207), and0®2 Water Lawprovides a framework for
integrated water resource management and includi®ss dealing with planning, conservation

and pollution control (Khan and Liu 2008, p. 14edpite the good intentions, however, Chinese



water resource planning is still in a ‘developmémiaase’ (Liu and Speed 2010, p. 12) and
water plans tend to focus solely on allocation atitization of basin water resources (Zhou
2006, p. 6).

Administrative Capacity

Unsurprisingly, administrative capacity is most eleped in the high—income countries:
Australia and the US. In both cases, much of thacity resides at a state level, but in the case
of Australia this capacity is rapidly being deveddpat a federal level consistent with changes in
the legal governance of the Murray-Darling Basilofeing passage of th&/ater Act 20071In

the US, each state has a regulatory agency to amomihether water is held, used, and
transferred consistent with the notions of benafiase and the public interest. These agencies
vary from the State Engineer in New Mexico and Utalthe Department of Water Resources in

Arizona, and to the Department of Natural Resouacesspecial water courts in Colorado.

In South Africa, capacity in the water sector iscimunore limited, to the extent that the ability
of the state to effectively manage and control wedsources remains problematic (Malzbender
et al. 2005, p. 2). This is evidenced by the caritig failure to effectively implement catchment
management authorities, despite more than a deshtlying. A similar problem exists in
China, where there are “serious questions aboustdte’s capacity to tackle water problems”
(Lee 2006, p. 10), and although several river beasmmissions have been established they have
“no effective tools to monitor and supervise watevelopment and use” (Zhou 2006, p. 4). By
contrast, the problem in Chile is not so much dneapacity to implement, but rather inadequate
regulatory authority. This is because the goverriteemater rights agency, Direccion General
de Aguas (DGA), “.has very little regulatory authority over privatater use”, and “cannot

cancel or restrict water rights once they have lgganted” (Bauer 2004, p. 33).

Horizontal Linkages

Well-developed linkages across governments andcaggeare fundamental to ensuring effective

water governance where responsibilities are shdmnedustralia, cross-government agreements



as part of the Council of Australian Government©AG) have formed the basis of water
reform since the mid 1990s. A willingness to caape and cede authority to the federal
government in return for financial benefits ha®disen critical to the water reform process. The
substantial inter-basin transfers within South édriand also across borders, have necessitated
functioning horizontal cooperation and numerousewatgreements have been implemented
(Turton, Patrick and Rascher 2008, p. 326).

The US federal government has not had the same@e®egraction in water reform, where water
management is left to the states, as in Australi&auth Africa. Consequently, institutional
relationships are less than clear, with multiplafticting, overlapping or sequential jurisdictions
within states. For example, proposed water tradag have to be approved initially by the
irrigation district board within which the watergsirrently located; the county where the district
is found; the state regulatory body; and potentidiéderal agencies, such as the Bureau of
Reclamation (BOR), if BOR water is involved. Comgently, agency actions may not be
consistent. In Chile, while relationships are s@arent at lower levels of governance (e.g.
between irrigation organizations), significant gdeshs exist at upper levels, particularly between
the DGA and the court system in dealing with watanflicts (Bauer 2004, p. 98-9). China has
the most fragmented horizontal linkages of the fi@untries in this study, which has
undermined administrative authority and caused usah (Lee 2006, p. 10; Liu and Speed
2010, p. 17). In addition to the Ministry of Wateesources, there are eight other bureaus with
interests in water policy, known collectively ag thine dragons’ of Chinese water policy (Lee
2006, p. 10).

Vertical Linkages

Well-developed vertical linkages allow for effe@iyimplementation of water policy. Australia,
until its Water Act 200y/lacked any formal linkages across multi-levelsggo¥ernance except
those between catchment authorities and state igongits and agencies. Such processes may be

effective at a local, catchment level but have pbineffective when faced with Basin-wide



challenges. The US is also characterized by velgtiweak vertical linkages. Interstate
compacts, where applicable, divide surface watersng the states; state regulatory agencies
rule on water transfers involving changes in tineirtg, nature, and place of diversion; county
regulations may restrict water exports; and locataw supply bodies, such as irrigation districts
with different decision rules and water rights agaments among their members may have a

separate role in approving water transactions (Tgsam 1993).

At a much more restricted spatial scale, Chile appdo have the most developed vertical
linkages. The inter-connected nature of the Lim#alley’'s water infrastructure means that
water supply decisions must be closely coordinatestween officials and irrigation
organizations (Zegarra 2008, p. 40). The top-doature of water governance in South Africa
since theNational Water Act 1998as generated many challenges, even though inierthe
lines of authority are clearly defined. In realitypwever, water planning has been rendered
ineffective at a catchment level (Farolfi and Peg@02, p. 3) until capacity and authority are
developed in the (still-planned) catchment managemethorities. China also has its difficulties
with institutional relationships between differdatels of government unclear, with confusion
and conflict a frequent result (Zhou 2006, p. Sadgmented water management systems have
been identified by the World Bank (2002, p. 5) astlie critical unsolved problem” for China’s

water resources.

Legal/administrative clarity

Legal clarity over water rights, including what yhean be used for and the rules of water trade,
is a cornerstone of functioning water markets. bs#alia, surface water rights are statutory
rights that are separated from land rights. In soim@imstances they can be attenuated or even
acquired without compensation. Chile has the seehgnd most broadly-defined water rights
(Bauer 1997, p. 13), although there is confusiorouébthe priority of consumptive
(predominantly irrigation) and non-consumptive (fombwer) rights (Brehm and Quiroz 1995,
p. 15).



In the US West, water rights are typically basedpdar appropriation and diversion (Johnson,
Gisser and Werner 1981), with diversions priordizeased on the date of the right. In certain
areas, however, water rights are not well definddle in others over allocation of the available
water undermines the assurance of receiving watguhior rights. Water rights are, therefore,
not always fully quantified. In addition, rightseaconditional upon meeting public interest and
beneficial use standards, which can be looselyaddficoncepts that depend on administrative

judgements.

In the case of South Africa, correcting previougustices — including through water
management — remains the chief national prioriglegating the trading of water rights
between relatively privileged farmers to a low-ordeiority. Registration, licensing and
recognition of existing water uses are also reguata catchment level to provide clarity over
use rights before trade can occur. Delays in negdieh have, in many catchments, prevented
water users from being assured of their existigipts and impeded trade. Unclear property
rights in China continue to cause significant peols for the management of China’'s water
resources (Speed 2010b, p. 88). There remains ka dadransparency surrounding water
allocation decisions (Lee 2006, p. 17; Zhou 20Q066)p and the opaque legal status of water
allocation has led to inconsistencies and impleatent difficulties (Shen and Speed 2010, p.
33).

Conflict Resolution

Conflict resolution mechanisms provide a way torogene disputes that could compromise the
functioning of water markets. In Australia, conficover water use and tradeoffs are resolved
primarily in the water planning framework at bottbasin and catchment level. Provided the
planning processes are effective, conflicts camelselved in timely and effective ways. Where

there have been difficult tradeoffs, for examplénsen water allocations to the environment to
the detriment of irrigators, the federal governmusd provided substantial funding, worth some
$8 billion, to smooth the transition (Crase and €gfe 20095,

* We have converted Australian dollars to US dollars at the rate of SA 1.00= USS 0.90.



The approach to conflicts in both Chile and thenaS primarily been one of litigation. In Chile,
conflicts that cannot be solved through privategbharing have gone to the court system which,
to date, “has not demonstrated the institutionglacdy to resolve water conflicts” (Hearne
1998, p. 146). In the US, state regulatory agenk@se a review process for water trades to
determine whether they meet the no harm requiream@htare in the public interest. If opposed,
trades can be modified or halted. A source of micdk judicial action is the Public Trust
Doctrine, a common law notion that emphasizes thigip nature of water and other natural
resources (Sax, 1970; Brewer and Libecap, 2009alse there is no compensation for rights
holders who lose water under the doctrine, corsflater water reallocation can be long lasting
(Libecap, 2007, 148-51).

In South Africa conflicts are on-going. Until andhless there are effective catchment
management authorities that encompass all stakefsolthiese difficulties are unlikely to be
resolved. In China, th2002 Water Lawcontains provisions relating to dispute settlen{&nt
and Speed 2010, p. 9). However, shortcomings invier planning framework have allowed
inconsistencies to emerge between regional and \eater plans, increasing the potential for
conflict in times of water shortage (Liu and Sp2édo0, p. 18).

Adaptive Institutions

Australia’s Water Act 2007was a radical shift in responsibility of water miéng and
management and was agreed to by all levels of gavemt and with bi-partisan support. This
suggests that, at least at the present time, Alasttas the most adaptable institutions of the
countries in this study. This adaptability is, undtedly, linked to what has been perceived as a
national water crisis that has provided a motivatio political leaders to resolve the problems.
By contrast, in Chile there have been numerousngite since 1990 to reform Chilean water

law, but these have been blocked by minority psufauer 1997, p. 13; Zegarra 2008, p. 29).
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In the US, institutional heterogeneity within araass states provides opportunities for learning
and innovation. For instance, many water supphaoizations have historically resisted water
transfers (Thompson, 1993), but as the potentiaé §@m exchange rises, some irrigation
districts have become more responsive (Eden e(f)8). Additionally, water trading for
environmental purposes has been enacted withinCidetral Valley Project in California
(Brewer, Fleishman, Glennon, Ker, and Libecap 2008}her examples of institutional
adaptation include: voluntary settlement agreemientidew Mexico, whereby claimants in over-
allocated and un-adjudicated systems have agreasktgn water rights outside traditional prior
appropriation (Richards 2008); and the unitizatioin groundwater, where pumpers in the

Escalante Valley pool their interests and managetimping of the reservdir.

South Africa radically changed its water institatd framework with itsNational Water Act
1998 that provides for centralized control of waterawges. Since its passage, the focus has
been to implement the various reforms rather thambagk on further institutional change.
China’s recent development of river commissionsiferseven major basins is illustrative of
adaptability, as is th&/ater Law 2002vhich, on paper, contains many provisions condutave
sound water management. The ability of institutitms&dapt in practice, however, has lagged
significantly behind the ideals espoused in officitkaws and regulations, and

enforcement/compliance remains debilitating (Lid &peed 2010, p. 17).

Registration/Title of Water Rights

The registration of water titles is a necessarst Btep to ensure comprehensive water trading in
formal water markets. Currently, Australia has iest complete system of registration of water
rights and titles, but further development is reedito develop a national and compatible
register— a stated goal of the federal government. At preddles are set at a state level and
there are substantial differences that impede-stte water trade (National Water Commission
20094, p. 120). In the US, there is no singleemtral water title office. Existing surface water

rights have their priority date and allotments after set, but quantification of water that accrues

* See http://aquadoc.typepad.com/waterwired/2010/05/groundwater-unitization-in-utah-todd-jarvis-is

prescient.html
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to these rights is not quantified in some BasimsChile, China and South Africa there are on-

going centralized processes to register titlesdatenrights.

Economic Efficiency

One of the key attributes of water markets is theéitity to transfer water from lower to higher
value uses. In this section we provide three wdyguantifying the efficiency of water markets:
(1) Size of the marketvolume of water traded of permanent and tempoveater rights as a
percentage of total water rights); (2) Estimateshefannual gains ($) from water trade; and (3)
Size of storages (that allows for trades over géomuration and trades upriver). In addition, we
present qualitative measures of economic efficieity Nature of water rights (the extent to
which they are unbundled); (2) Quality of title {emt to which rights are recognized in law and
in practice); (3) Breadth of market (capacity foater trading between catchments, including
upstream trades, as well as inter-sectoral tragdi@dg)Stability of price formation (predictability
of prices given changing water availability); ar) @Availability of market price information

(accessibility and reliability of price informatiprirhese criteria are summarized in Table 2.

Size of Water Market

Chile’s Limari Valley (Hadjigeorgalis and Lillywhat 2004, p. 9) and Australia’s Murray-
Darling Basin (National Water Commission 2009b5phave well developed water markets in
terms of the amount traded as a proportion of titégl@ments available. The amount traded is
some 30% in both locations, including permanent &ewiporary water rights, which is
extraordinarily high. Data is not available acrafishe US West to make a similar calculation,
but the amount of water traded as a proportionotdl twater use appears to be an order of
magnitude smaller. Nevertheless, substantial votuafevater are traded in US water markets,
as is demonstrated by the following figures, byesthetween 1987 and 2008: Texas (38,700
GL); Arizona (27,500 GL); and California (24,500 31 These amounts are based on committed
volumes where the annual amounts are projectedafonfor the term of the contract and
discounted back at 5% (Brewer, Glennon, Ker, arzetap 2008, p. 99). In terms of the total

> All values in acre-foot have been converted to Gigaliters (GL, one thousand million liters) or Megaliters
(ML, one million liters) at the rate 1.0 acre-foot = 1.233482 ML.
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value of trades from 1987-2008, the leading statesCalifornia ($1.33 billion); Texas ($0.86
billion); Arizona ($0.84 billion); Colorado ($0.88illion); and Nevada ($0.73 billioff) As of
2010, there have been only limited transfers ofewaghts in South Africa, although this may
change after all rights are registered (expectethbyend of 2011). Similarly, in China there are
only ad hoctransfers that may amount to less than 0.1% ofdts¢ volumes used (derived from
Speed 2010b, p. 85 and Liu and Speed 2010, p. 15).

Gains from Trade

To be able to calculate gains from trade requiega dn actual transactions. These data, at best,
are only partially available for China and Soutlriéd. Calculations of the gains from trade in
Chile indicate that the benefits of water marketssubstantial and amount to between 8 and 32
per cent of agricultural contribution to regiondDB (Hadjigeorgalis and Lillywhite 2004, p. 9),
or some $22 million annually. Australian water neigkare much larger, with the total volume
of trade in the Murray-Darling Basin worth over &1billion in 2009 (National Water
Commission 2009b) and estimated gains from tradgedry year around $495 million (Peterson
et al. 2004, p. 43). In the USWest, the averageia@nralue of water trading between1987-2008
was about $400 millioh.Annually, the value of water transactions for @htract types and
sectors varies from under $1 million in Montana aNgloming, the two least urban western
states, to near $40 million in Arizona, Colorad@vilda, and Texas; and over $223 million in
California. The high turnover in California is deiv by one-year leases within agriculture and a

few large multi-year leases from agriculture toamhse.

Nature of Water Rights

In the past 15 years water rights in Australia hawere or less, been separated from land rights.

Although some riparian rights (stock and domessie hy farmers) still exist, essentially water

® The values are in $2008 and involve all transactions in the Bren School water transfer dataset across 12
western states from 1987-2008 as interpreted from discussion in the Water Strategist where price was
included and maintained at http://www.bren.ucsb.edu/news/water_transfers.htm. Multi-year lease and
sales cash flows are discounted by 5%. For California six large leases were not included as extreme
outliers. $1 billion = $1,000 million.

7 Calculated from data in the Bren School water transfer dataset and is the sum of the price of
transactions across 12 western states from 1987-2008 in 2008 S.

13



rights can, in principle, be traded across catchsaithout also acquiring the land where the
water rights were originally located (National Watgéommission 2009a, pp. 140-2). These
water rights include high reliability entittementgere, in most years, holders of these rights
would expect to receive their full allocation, aioev reliability rights where in dry years there

may be zero allocations of water. In addition, weger market includes two types of trade: a
permanent market for the water right and its aliocain per perpetuity, and a seasonal market

for the actual allocations of water assigned eagr o the permanent water right.

Chile has a similar system to Australia that feeguroth permanent and contingent rights where
the latter provide allocations when availabilityalsove-average. In the Limari Valley there are
also both permanent (title) and seasonal tradé thi latter typically more prevalent (Zegarra

2008, p. 5; Hadjigeorgalis and Lillywhite 2004,9). In the US western states, surface water
rights are based on the prior appropriation doetthmt allows water to be separated from the
land and moved via canals and ditches to new lmst{Getches 1997, p. 74-189; Kanazawa
1998; Johnson, Gisser and Werner 1981). Appropeatghts with the earliest water claims are

the most secure because they have the highestyudtaim on water during drought.

Water rights have been unbundled from land in Sdftica since the passage National
Water Act 199gPott et al. 2009, p. 2) and both temporary aminpaent water trading have
been observed (Nieuwoudt, Gillet and Backeberg 2008). In China, despite tt#002 Water
Law, water rights remain poorly defined at either tegional, irrigation district or farmer level
(Speed 2010b, p 88). Water remains an ‘open acesssirce’ within the Chinese Constitution
(Lee 2006, p. 15) and where rights have been esialol, allocations have generally not been
granted at the farmer level (Shen and Speed 20132)pwith land area often used as a proxy to

calculate water charges (World Bank 2002, p. 12).

Quality of Title

The most developed/protected title for water rigats Chile where it is not possible to modify

rights without full compensation (Bauer 1997, p).1Bhis provides security to existing rights
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holders, but has created conflicts where existisgsuimposes external costs on others. In
Australia, water rights are statutory rights thauld, in principle, be revoked or modified
without compensation. In practice, however, bo#ttesgovernments and the federal government
have sought to protect the existing rights holdsrgurchasing water rights at the market price
when seeking to reduce water diversions and inereagironmental flows (Connell and Grafton
2008).

Appropriative water rights in the US West argsufruct rights conditional upon varying state
regulations for beneficial use, preferred uses,aaoé origin restrictions, and public
interest/public trust doctrine mandates (Getche3719.128-9F Regulatory mandates vary
across states and can raise the transaction dostmsfers and lower the value of water rights.
For instance, high conveyance losses and risksiassd with environmental mandates result in
low levels of reliability for surface water trangked through the Sacramento Delta.
Consequently, buyers pay a 20-25 per cent premamwéter originating south of the Delta
(Hollinshead 2008). The ‘use it or lose it’ requirent of appropriative rights has also motivated
rights holders to place water into low-valued aqgtiions rather than forgo their water rights. In
China the quality of title is not well defined noecessarily protected in the rule of law. In the
case of South Africa, water rights are formallyagtized and registered by the Department of
Water and Environmental Affairs, but as rights eeeewable every five years this restricts the

security of tenure (Pott et al. 2009, p. 9).

Breadth of Market

The breadth of water markets is defined spatiadlyvell as by trades across competing uses.
While Australia has well developed water marketerav very large spatial area within irrigated
agriculture, there have been relatively few agtigal-urban trades. This is not because of legal
restrictions, but has arisen because state govetsnteat control urban water supplies have
eschewed, at least until very recently, the pureraswater from rural areas so as to protect
rural livelihoods and communities. As in Australthg agricultural sector dominates Chile’s

water markets (Bauer 2004, p. 88). In the Limariéfathere has been limited trade activity by

® Wetter western states also allow for some riparian water rights—Washington, Oregon, California, the
Dakotas, Nebraska, Kansas, Oklahoma, and Texas
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the urban sector because of adequate urban supphster et al. 1999, p. 14). Importantly, the
government has intervened in several inter-sectipplications for water rather than leave it to

markets to resolve (Bauer 1997, p. 11).

In the US West, with the exception of a few locasiothe majority of water markets are
localized with trading limited to within river bas or sub-basins. Regulatory restrictions and
limited conveyance infrastructure are the prima&gsons markets have largely emerged at these
levels. Nearly every western state has laws whrobect basins of origin that make it difficult
to export water from one basin to another. Consetfyyethere is virtually no private water
trading across states. The lack of conveyancastrircture and the high capital costs of moving
water also limit the geographic scope of water ratkMost short-term trades are within sector,
especially within agriculture. Agriculture-to-urbd@ransactions are dominated by longer term
leases and sales, but patterns vary across thes.statSouth Africdhe vast majority of water
trading has been within the agricultural sectortf{leoal., pp. 25-6), despite demands for extra
water by industry. While inter-sectoral transfen@nfi agriculture to mining would be beneficial
for both parties in South Africa it could also “tleage the [equity] objectives of government”
(Farolfi and Perret 2002, p. 8) and the prioritypobviding water to previously disadvantaged
individuals (PDIs). Any inter-sectoral water tragimust also wait for initial allocation of
licenses to be completed (Pott et al. 2009, pCBjnastands out as the one country where there
has been substantial transfer of water from agducall to industrial and domestic uses.
However, this has occurred via water efficiency sueas such as lining irrigation channels
rather than through a fully operational water mafsgpeed 2010b, pp. 85-9).

Stability of Price Formation

Smooth price formation, and the avoidance of inieaple price spikes, is an indicator of a
competitive and mature water market. In Australiater prices are remarkably consistent across
catchments in the southern Murray-Darling Basintidweal Water Commission 2009b, p. 26-9).
Where substantial differences exist it is becadisBfizrences in reliability of the water rights or
whether they are permanent or seasonal water rigbtgh Africa’s Lower Orange River, where

there is data available (1997-2003), is also charaed by stable price formation (Gillet et al.
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2005, p. 10), but with substantial variation incps associated with changes in water availability
(Nieuwoudt and Armitage 2004, p. 3).

In Chile’s Limari Valley, prices of water sharesvbaincreased rapidly due to economic
development across the mining, industrial and aftcal sectors (Zegarra 2008: 46). Spot
prices have, on occasions of low water availahiligen very high because irrigators with
perennial crops are prepared to pay substantiabserthan the value of the marginal product if
the alternative is the loss of their trees (Zeg20@8, p.117). In the US Wesharkets are both
local and ‘thin’ such that there is considerablauwat fluctuation in prices across time, across
jurisdictions, and among sectors. As well as o#itg limited market integration, differences in
price across sectors reflect the opportunity costaier, adjusted for water quality, conveyance,
and the priority of the water right. Price diffetiats can be considerable. For example, median
state prices for one-year leases between 1987 @88, 2anged from $6.50/ML in Idaho to
$71/ML in Arizona and median sales prices rangemnfi$92/ML in Idaho to $5,344/ML in
Colorado’ There are also significant price differenceshireé local markets. Median prices for
agriculture-to-urban and agriculture-to-agriculturansactions in the South Platte region of
Colorado were $6,600/ML and $5,093/ML respectively;the Truckee Basin of Nevada,
$15,792/ML and $2,366/ML; and in the Central ValtefyCalifornia, $138/ML and $140/ML°
The outlier in terms of price formation is China ev water prices are regulated by the
government (Liao et al. 2008, p. vi). Consequentigfer prices are stable, but they do not
reflect changing environmental or economic condgioPrices for water transfers, for instance

between regional governments, are determined thrdirgct negotiation.

Availability of Market Price Information

Market price information is not readily availabte fll five water markets. The most developed
price data is in Australia where state registees aacessible and some water brokers provide

information on water prices, sometimes on a comiakfmasis. In Chile, there is an uneven

°The price data are in 2008$ as discussed in endnote 5 above.
% All values are in 2008 S. Time periods are 2002-8 for Colorado and 2002-9 for Nevada and California.
Colorado and Nevada transactions are sales while California transactions are leases (Landry 2010).
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spread of pricing information in the market thattjgalarly disadvantages market participants
with the least resources and also increases tramsamsts (Zegarra 2008: 120). In the US
West, markets are generally informal and segmen@euhsequently, it is often difficult for
buyers and sellers to locate one another. Althduglkers are emerging to help create water
markets there are no general water rights regiseross the US states and accessible price
information is restricted to water trade journdts.China, there is no accessible water price
information while in South Africa price informatiois spread from word of mouth (Gillet,
Nieuwoudt and Backeberg 2005, p. 10) with no cémioéice board of pricing. This has led to
asymmetries in terms of price information betweaydss and sellers (Nieuwoudt and Armitage
2004, p. 3).

Water Storages

In semi-arid climates where rainfall is not eveslyread throughout the year, water storages
provide a valuable smoothing function in terms @ftev availability. The more variable is the
climate, the larger are the required storageserims of water markets, storages also provide an
opportunity for trade over longer periods of timedaenable trades upstream provided the

transaction takes place before the water is retefiom upriver storages.

In all five water markets there are substantialewatorages that facilitate water trade. The ratios
of total capacity of water storages to average made range from more than two in Australia’s
Murray-Darling Basin to about three in Chile’s Lim&alley. The ratios vary substantially for
the US West, but in Colorado the ratio is 2.3

Equity

Equity can be defined as who gets what water, dmeh® It is a key component to the successful
operation of water markets because perceived wafssr in initial allocations of water can
undermine the legitimacy of trades. Inequities naéggo compromise the overall market if it
contributes to water ‘poaching’ or contraventiona@fter regulations. An assessment of equity is
provided below using five criteria: (1) Beneficigde of water extractions; (2) Provision of basic
human needs; (3) Limits on market power; (4) Rettaanof third-party impacts; and (5) Initial

allocation mechanisms that include equity consitt@mna.
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Beneficial Use

Beneficial use refers to how the water is used, whdther it is used. In underutilized systems
the greater is the beneficial use, the larger &ee gotential benefits of water diversions.
Conversely, in overused systems the imposition efeficial use for diversions may be
inequitable to the extent it limits the rights afeus, can be subject to administrative intervention

and may contribute to conflicts among users.

Neither Australia nor Chile has explicit provisiof beneficial use although an effectively
functioning market provides strong incentives ad# allocations when water is not needed. By
contrast, in the US appropriative water rightsa@reditional upon placing the water in beneficial
use. Most western states define beneficial userims of the benefit for the appropriator, other
persons, or the public with corresponding listsubiat is considered beneficial use. Although
irrigation was the dominant initial basis for disemn, the set of beneficial uses can be expanded
or contracted based on changing public valuesgigidinterpretations, and constituent group
politics. For example, leaving water in stream Ffabitat has recently been accepted as a
beneficial use across US states although its edefatition differs among them (Anderson and
Johnson, 1986; Getches, 1997, p.113-4).

South Africa has an explicit consideration of bémaf use that it defines as “...conferring a
benefit on the whole population, not just the ug@dtt et al., p. 12). Beneficial use is taken into
account when licences are reviewed (Nieuwoudt 2p0@) although there appears to be little
transparency around what this means in practiceneClbecause of its centrally administered
nature of water allocation, presumably also incoafes beneficial use in water planning, but

again there is no transparency as to what guidesladecisions
Basic Human Needs
Basic human needs can be interpreted in variousway is typically defined as meeting the

immediate requirements of households in terms iokarg water and sanitation. In both China
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and South Africa provisions for basic needs arénrgyortant part of water planning. In South
Africa’s case théNational Water Act 1998ims to ensure adequate water for basic humarsnpeed
ecological and development purposes (Farolfi andeP2002, p. 3). As a result, the provision of
basic water services in townships has been a rpajnity of the South African government in
terms of its water policies. Basic human needsnater appears to be relatively well-provided

for in China despite an absence of provisions witkater planning (Speed 2010b, p. 214).

In Australia, basic human needs are defined in deofnwater supplies for communities that
depend on rivers for their water supplies. Suchroamities have the highest order priority of
access. In Chile there is a general deferendeetartban water supply (Hearne 1998, p. 154), as
in the case of Australia, but water scarcity ishsti@at the provision of basic human needs does
not currently compromise existing water markets altmtations. This is also true in the US, but
should there be extreme water shortages domedicramicipal uses would be preferred over

agricultural, industrial and in-stream uses (Tre¢eh955, p. 134).

Limits on Market Power

Controls that limit how many water rights one indival can own or hold may be implemented
to address perceived abuses of market power, edlyaai ‘thin’ water markets. In the case of
Australia, concerns over market power have beemaily directed towards the Federal
Government that has become the largest purchaseateir rights in the past two years in its
attempt to acquire water rights from willing seflédor the environment. A separate arm of the
Australian government is charged with ensuring anpetitive water market — including
addressing potential issues of market power — gnédvice will be incorporated into water

market rules that will be implemented in 2011 ia Murray-Darling Basin.

In Chile, speculation and hoarding have been sggmt problems, especially in non-
consumptive rights, although these effects have #tsved through to consumptive rights
(Bauer 2004, p. 122-3). The purpose of hoardingvaver, seems to be a way for holders of

water rights to insure themselves against redustinrwater availability rather than to exercise
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market power. In large part, this stems from thet that reductions in allowable water use are
proportionate across all users when water avaitploieclines. In the US, because water markets
are local with few traders and trading optionsrehere potential problems of bilateral monopoly
and bargaining problems such as between the Intdeiigation District and the City of San
Diego (Haddad 2000; Glennon 2009, pp. 258-9) Howehecause western water markets are so
fragmented there is little likelihood of broad metrlpower emerging. Limited trading in both
China and South Africa currently makes the exeroisemarket power a remote possibility, at

least until their water markets develop more fully.

Third-party Impacts

Third-party impacts can arise when water tradesogepcost on others not accounted for in the
transaction by buyers and sellers. In Australiaewatarkets have been constrained and limits
imposed on the quantity of sales so as to protectnounities from reduced water diversions.
These controls have had a negative effect on vitrsactions and the efficient functioning of
water markets (Productivity Commission 2010). ChilE981 Water Codeloes not specifically
address third-party effects or environmental impa€the World Bank considers externalities in
Chile’s water sector to be pervasive and likelydecome more important in coming decades”
(Briscoe, Salas and Peia 1998, p. 15). External@gea result of water trading, however, may

not yet be a major problem due to the low volum&ade (Bauer 2004, p. 84).

In the US water trades are regulated by statesetet tmeneficial use and no harm or no injury
requirements when they involve changes in locatiiomng and nature of use that could affect
other rights holders (Getches 1997, p. 161). Tlware also be restrictions to limit negative
pecuniary impacts of trades. Despite these eqoitgerns, most studies suggest that third-party
pecuniary effects are small (Hanak 2003, p. 81; itd®94). Overall, ‘no injury’ requirements
can be sufficiently vague so as to add uncertantyraise regulatory costs. Additionally, states
generally require that transfers be for consumather than diverted, water to mitigate third-

party effects.
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Nieuwoudt (2000, p. 8) reports that the South AfnidNational Water Act 1998gives
prominence to third party (environment and humasyies”, although it is difficult to assess how
effective these protections are in practice inahsence of significant levels of water trading. In
China, water transfers as a result of water ‘sasiittgough lining of irrigation channels is likely

to produce third-party effects which, to date, hasebeen adequately considered (Speed 2010Db,
p. 89), including in terms of surface-groundwatekages and wetlands (Xie 2008, p. 76).
Importantly, the third-part effects of large intasin transfers from South to the North
(Ghassemi and White 2007, pp. 307-316) have not hdly compensated.

Initial Allocation Mechanisms

Initial allocations of water rights can be contens, especially if prior users of water are
excluded or provided with a lower share than thag historically. Such allocations may be
viewed as inequitable and can contribute to wateflcts that can jeopardize the efficient

functioning of water markets.

The challenge in Australia has been to reallocatédewrights from existing users to the
environment in ways that are equitable and meetetdcgoals. To date, this has been
accomplished with the purchase by the Federal Govent of water rights from willing sellers

funded from general tax revenues (Connell and GnaZ008). In the US, water rights in western
states are largely based on the prior appropriatamirine or ‘first possession’ (Getches 1997,
p.74-189; Kanazawa 1998; Johnson, Gisser and W@&8&k). Appropriative rights are based
on timing of claim, measured in terms of water dsi@n, and held conditional on beneficial use.

Senior rights have first claim to water and jumights holders bear more risk during drought.

Since the passage of Nmtional Water Act 1998outh Africa has been undergoing a process of
compulsory licensing, following which an ‘initiallacation’ of water licences will occur (Water
Research Commission 2009, p. 9). This process swliocate water to other purposes, such as
to previously disadvantaged individuals, withoutmpensation, as way of correcting past
inequities. China’s 14 five-year plan (2006-10) requires the developrmna national initial

allocation system (Sun 2010, p. 1), but no cle@erpretation of this requirement has been
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provided to date. Large inter-basin transfers ftbeaSouth to the North indicate that past water
use does not ensure current access. In Chile&l Water Codeprior users, primarily in
agriculture, were allocated consumptive water gghiut also included were non-consumptive
rights such as for hydro-electric power generatidisputes over the priority of water rights
(consumptive versus non-consumptive) have led dallehallenges (Bauer 2004, p. 103-111).
Allocation of return flows to holders of water righas part of th&981 Water Codehas also

disadvantaged the customary practice of using 8oals by downstream users.

Environmental Sustainability

Water markets provide a mechanism for the allooatibwater between competing water users
and market-based consumptive uses. However, uthess is explicit consideration given to
non-market uses or set asides/reserves for thecpgixbd, markets may not deliver on broader

societal goals.

There are several preconditions for meeting enw@mtal sustainability in water management,
including adequate information of environmental dgedelivery of water to meet these needs,
and an adaptive process to manage these requirenwaith changing conditions and
circumstances. These preconditions are capturétkinriteria presented in Table 4, namely: (1)
Adequate scientific data to determine hydrologiegjuirements of water-based environmental
resources; (2) Adequate provisions for environmefitavs; (3) Adaptive management of
environmental needs, including the capacity to neonihe environment; (4) Water quality
considerations in water planning and markets; &)dComplementary catchment and Basin-

wide planning and trading.

Adequate Scientific Data

Adequate scientific data is required for effectwater resource planning that underpins formal
water markets. The best available data are in Alistithe US and South Africa. In the case of
Australia, much of this data has been developeithenpast decade in response to government
programs such as théving Murray First StegGrafton and Hussey 2007), initiated to increase

environmental flows. The data are ‘patchy’ depegdam the catchment and are not always
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accessible even to academic researchers, but edebyswater agencies for planning purposes.
In the US, state and federal agencies gather andderinformation regarding hydrological data
on stream flows, water use, and environmental ddsanEnvironmental requirements are
project and river specific and there is no centtearinghouse. South Africa has well developed
hydrological models of its major catchments andegeloping ‘ecological reserves’ as part of its
National Water Act 1998hat has forced water planners to improve dataectdin and
monitoring. Neither Chile (Brehm and Quiroz 19%®y China (Shen and Speed 2010, p. 33)
has adequate water data for environmental purposes.

Provisions for Environmental Flows

In the US all western states recognize that enwental flows are consistent with beneficial
use. Quasi-government agencies and private or@#omns, such as Oregon Water Trust, engage
in water leasing or rights acquisition for in-streaflow maintenance (Neuman 2004;
Scarborough 2010). However, there is considerablai® about how much water is needed to
achieve specific environmental objectives. Costefiemnalysis is not expressly required under
the Endangered Species Act 19@B the Clean Water Actof 1972, 1977, or 1987 so that a
weighing of opportunity costs generally does n&etplace in determining environmental flows.
Absent these data as well as scientific conserthese are debates as to whether there is

sufficient water or too much water devoted to nmaimng flows.

In Australia, Chile and South Africa there is fealdegislation mandating provision of water for
environmental and public good purposes. In the cdskustralia’s Murray-Darling Basin this

will be implemented via a Basin-wide plan that vd#termine sustainable diversion limits for
each catchment beginning 2011. At present, watgrogided for the environment through water
resource planning processes and also through tiohgse of water rights by governments from
willing sellers. South Africa is also developingotagical reserves of water for public good
purposes that include basic human needs as whdt #se environment (Farolfi and Perret 2002,
p. 3), although progress to date has been slowafolToit and Skukuza 2009, p. 2). In China,
“...water is generally not allocated to the enviromin@ any meaningful way” (Shen and Speed
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2010, p. 33), however, China is in the processmoérading water basin plans to account for

environmental flows in at least seven of its majeer basins (Speed 2010b, p. 211).

Adaptive Management

Adaptive management is an important way of respando unexpected changes and coping
with management surprises. One of the key uncéigaiim surface water management is climate

variability, especially unexpected and prolongedauis of below-average inflows.

All water markets, to some extent, have some elésneinadaptive management. Indeed, water
markets themselves are an instrument that cantédeiladaptive responses to change, such as
drought, by allowing high-value uses to access mthit would otherwise have been denied to
them. The challenge is to ensure water marketsvaatdr planning can flexibly respond and
sustain the desired public good benefits of watech as for environmental flows. In Australia,
water resource plans disproportionately favor weteersions that, typically, decline by a lesser
amount than inflows in dry periods (CSIRO 20084f). As a result, in extended droughts,
environmental flows can become negligible and ttas generate widespread environmental
degradation (The Senate Standing Committee on Randl Regional Affairs and Transport
2008; Wentworth Group of Concerned Scientists 20A0Basin Plan for the Murray-Darling
Basin, due for implementation in 2011, will attenptcorrect this fundamental failing in water
planning. South Africa has also recognized the ingmee of adaptively managing its water
resources and ecological reserves of water argylotermined to meet environmental needs
(e.g. Pollard, Toit and Skukuza 2009, p. 17).

In the US West there is capacity for adaptive manant under state and federal environmental
legislation. The absence of cost-benefit analgsid reliance upon judicial injunctions under
federal endangered species and water quality &igisl however, can result in protracted legal
disputes. Consequently, there is potential for tgregeliance upon water markets where rights
holders are compensated for environmental divessionin the case of Chile, adaptive
management is in the form of proportional allocatedjustments across all water rights in
response to variability of inflows. China’s watetaptive water planning is presently in a state
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such that “...current approaches to defining envirental flows do not adequately account for

complex relationships between flow regimes and ystesns” (Liu and Speed 2010, p. 17).

Water Quality Considerations

Water quality is related to flows and how watedigerted and used. In all water markets some
consideration is given to water quality. In the kéyrDarling Basin of Australia there are some
restrictions on trade to avoid worsening salinityl dhe Basin Plan due for implementation in
2011 will include a water quality and salinity mgeaent plan to safeguard water quality
(Murray-Darling Basin Authority 2009, p. 14). Inet US, water quality is regulated by state and
federal legislation. Water trades can be resttittg quality concerns. This has been the case,
for example, in the Sacramento Delta where risalmisy levels contribute to reduced exports of

water through the State Water Project.

In Chile, China and South Africa there is evidentenajor water quality problems, at least in
some rivers.In the case of Chile, the most developed water atdskinthe Limari Valley and
this region does not appear to have major watelitgyaroblems, but this may be more by
chance than good water management (Hearne 19985p.In South Africa, the most damaging
water quality issue is acid mine drainage that mfem both active and abandoned mines.
Despite the fact that these problems have existech&ny decades, they remain a major concern
in key catchments. China has a daunting challeagmitigate severe water quality problems,
and although it is taking steps to resolve watdlupon, enforcement remains weak and the

problems are “.grave and deteriorating” (Lee 2006, p. 7).

Basin and Catchment-level Water Planning

Interlinked and compatible Basin and catchment mwatanning is necessary for integrated
catchment management to address downstream exiesialn Australia, there will be a
comprehensive Basin Plan for the Murray-DarlingiBas 2011 that will specify environmental
water requirements and sustainable diversions &whecatchment (Murray-Darling Basin

Authority 2009, p. 19). However, the actual catchtngater resource plans will be developed
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by state governments and these do not need to rimstent with the Basin Plan until current

plans expire, which in some cases does not ocdur20i 9.

Chile has a decentralized planning system and tlseie tightly circumscribed role for the
relevant Water Ministry. The absence of river basstitutions also prevents any administrative
engagement with water planning, including in theéari Valley (Bauer 2004, pp. 96-7). Instead,
irrigation associations and officials in the Irrigen Bureau effectively manage Limari’'s water
supply on a year-to-year basis (Zegarra 2008, p.ldAthe US there is partial basin-wide water
management regarding environmental flows. Basftenaross multiple political jurisdictions
so that differing regulations and agencies are limdy although federal quality regulations
generally apply. The 18 interstate water basin @wtg have had limited coordinated
environmental roles, and in California the IntegchRegional Water Management Plan Program

(IRWMP) has been expanded to promote water planmirtgjde traditional political boundaries.

South Africa’s National Water Act 1998provides for catchment-level planning for
environmental and human needs through reserves.etaw slow progress in creating
catchment management authorities has meant that pianning remains in its infancy in most
catchments. China’s seven major river basins aleheomprehensive water plans, but these
focus solely on allocation and utilization and dot mecessarily incorporate more holistic

objectives such as water quality, environmentalqmtion and human needs (Zhou 2006, p. 6).

Water Markets: An Overview

The five markets assessed under the integratedefvank is by no means an exhaustive list.
Informal markets exist in many other countries sashindia and Pakistan, as well as more
formal water markets, such as in Mexico (Eastersé@oant and Diner 1998). Benchmarking
across water markets would assist informed poliakens to make judgments about how they
can be further developed to achieve particulargyoasle contend that our integrated framework
shows the important linkages between water markeeldpment, institutional constraints, and
management goals. Understanding these connecBocgigial to good water governance and,

thus, recommendations about what criteria shouldubther developed is contingent on the
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espoused goals, institutions and capacity whereerwatarkets are located. The integrated
framework, thus, should be viewed as a road mauigie that offers multiple routes and options
about how to move from points A to B, or points@Q, depending on what the ‘driver’ wants

and what ‘vehicle’ is available, rather than a Brgathway to a unique destination.

In closing, we provide ten key insights from thelagation of the integrated framework to five
water markets. First, institutions matter. Thusatvmay work in one water market may not
necessarily be as successful in another with éiffeinstitutions. This also implies an important
role for water regulators or governments to suppeater markets to ensure that they are
delivering the desired societal benefits. Secoaotheswater markets have developed and evolved
for purposes other than economic efficiency. Trafle-between equity and efficiency exist in
water market design and operation, even if themdetoffs are not always as transparent as they
are in South Africa. Third, Australia shows thatrkeds can be adapted to account for
environmental sustainability without necessarilynpoomising economic efficiency. Fourth,
markets can successfully work in small catchmesush as Chile’s Limari Valley, as well as in
large basins, such as the Murray-Darling in AugraFifth, water markets can generate
substantial gains for buyers and sellers that wooldotherwise occur, and these gains increase
as water availability declines. Sixth, there isemah for flexibility in water markets so that they
can change as the benefits of water useimisttu use change over time, as has happened in the
US West and Australia. Seventh, there must be seabonnection between water markets and
water planning to provide surety to holders of waitghts while also sustaining the public good
aspects of water. Eighth, history matters. Foraimsg, the path dependence of the US with its
appropriative rights is likely to be different tioat of Australia that has statutory rights. Ninth,
differences in regulatory capacity (human and faial to support water markets help to explain
some of the variation in the performance of waterkats, such as between China and the US.
Tenth, performance must match goals. Thus, if ggsitthe primary goal, such as in South
Africa, then water markets should be judged on fhisrity rather than objectives that may

dominate in other jurisdictions, such as econorfficiency.
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Table 1. Institutional Underpinnings

Well Well Adaptive
Recognition  Administr developed developed Legal/adm manageme
of public ative horizontal vertical inistrative Conflict nt of Registratio
interest capacity linkages linkages clarity resolution institutions n/titling

Australia
US West

Chile
South
Africa

China

60 00 0066 O 00606 006 00 00

66 06 O 0 0 O 0606 O
0 X 00 00 00 0 X 0

00 0 OO (pending) X I (pending) (pending)

0 X X X X X 0 |

000
00
0

X
I

Nearly or fully satisfied

Mostly satisfied, some further development required
Partly satisfied, substantial further development required
Not satisfied/Missing/Not operational

Inadequate info
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Table 2. Economic Efficiency

Size of Storage

market Gains from  Nature of Stability of Market (ratio of
(permanent/  trade (USS water Quality Breadth of price pricing average
temporary) million) products of title market formation information use)

Australia | 12.5/20.1% 495 000 000 00 000 00 2.0

US West I 406 OOO 0 O O O (C0|§).rzld0)
Chile 15/30 % 221 000 00 00 00 0 3.3
South | | 0 0 0 00 0 |

Africa
China | | X X 0 0 N/A I

000 Nearly or fully satisfied

OO Mostly satisfied, some further development required
0 Partly satisfied, substantial further development required
X Not satisfied/Missing/Not operational

| Inadequate info
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Table 3. Equity

Beneficial use  Basic human Controls on Third-party Initial

in extractions needs market power impacts allocation
Australia 000 000 OO 0 OO
s 0006 000 00 0 00
Chile O 000 0 0 0
South Africa OO OO | OO (pending)
China X 0 N/A X N/A

000
00
0

X

Nearly or fully satisfied
Mostly satisfied, some further development required
Partly satisfied, substantial further development required

Not satisfied/Missing/Not operational

Inadequate info
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Table 4. Environmental Sustainability

South Africa

Adequate Adaptive Water quality Basin and
Adequate provisions for management of  considerations catchment-
scientific data environmental  environmental in water level water
flows needs planning planning
Australia O (pending) (pending) (pending) (pending)

00 0 0 00
0 0 0 0

O (pending) I I

X 0 X 0

0
0

I
X

Nearly or fully satisfied

000
00

O Partly satisfied, substantial further development required

Mostly satisfied, some further development required

X Not satisfied/Missing/Not operational

I Inadequate info
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