Water market institutions in Colorado with possible lessons for

South Africa*

WL Nieuwoudt
Department of Agricultural Economics, University of Natal, Pietermaritzburg, South Africa

Abstract

State provision of water is subsidised in both South Africaand Colorado and some costs are recovered through rates. Irrigation
water in South Africaisnot volumetrically priced and little scarcity valueis attached to water. However, administrative pricing of
water at opportunity costsis unlikely to be successful as opportunity cost varies according to location, reliability, season, use and
quality. Inawater market, water isnot priced by administrators but the market attaches an opportunity cost priceto water and thus
promotesthe highest valued use of thewater. Thisisthe casein Colorado. In Colorado an active market for the usufructuary rights
of water has developed while water itself remains public property (asis the case in South Africa). The transfer time of Colorado
Big Thompson (C-BT) water is short while transaction cost is small. There are two reasons why agricultural water markets do not
release water in South Africa. Thefirst isthat the only water tradesthat have taken place are between non-users (sleepers) of water
and intensive users. The second reason isthat transferring diverted use of water in agriculture does not attach a price (opportunity
cost) to the use of water (consumptive use). Administrative volumetric pricing of diverted use of water will aso not promote water
savingsin agriculture for the same reason. Environmental issues (instream uses, quality, recreation) have become more prominent
intheWestern USA.. Although water tradesfrom down- to up-stream may reduceinstream flow and harm theenvironment, themore
usual trades are in the opposite direction and are likely to benefit the environment. Institutions need to be created in South Africa,
within the parameters of the Water Act, to facilitate trade while providing protection to the environment. The new South African
Water Act gives prominence to third-party (environment and human needs) issues, and protects third-parties more than istruein

the USA.

Introduction

The SA government has passed anew water bill in 1998 (Act 36 of
1998) which provides the constitutional framework for water
marketsin South Africa. These reforms have changed the institu-
tionsthat definerights, exposureto rights of others, privilegesand
responsibilities. Under the Act, basic human needs and environ-
mental sustainability will be guaranteed asaright. Other important
issuesrelate to equity and the use of water as a scarce resource by
the agricultural sector. These issues are not aways mutually
exclusive and water markets and water institutions may be used to
promote economic and socially desirable objectives.

These marketing institutions may not arise endogenously.
Indeed, a puzzle in institutional economicsis that many societies
oftenfail to adopt theinstitutional structuresof themore successful
ones (Greif, 1998). Nobel laureate Coase (1998) asserts that
ingtitutions govern the performance of a country; in institutional
economicsthe concernisnot about prices but about incentivesand
the‘rules of thegame’ that will yield socially desirable outcomes.

Althoughtechnical water research hasreceived high priority in
the past in South Africa, little is known about the impact of
alternative water economic policies. South African water markets,
along with those of Australia and the Eastern USA, are based
largely on riparian ownership and are not as fully developed as
those in the Western USA. Due to the scarcity of water in the
Western USA, water marketshave along history of experienceand
date back to acase by the Col orado Supreme Courtin 1882 ( Howe,
1997).
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The purpose in this research is to study the experience of
successes and unresolved challenges of Western water markets,
and to draw from this possible lessons for South Africa The
Northern Colorado Water Conservancy District (NCWCD) was
chosen as this market has been mentioned by several (Livingston,
1995; Cummingsand Nercissiantz, 1992) asan ideal water market.
This paper draws on institutional economics and is of an interdis-
ciplinary nature.

Future expected water scarcity in South Africa can be tackled
by building more dams (supply side approach) or the more eco-
nomic efficient use (demand side approach) of water. The latter
approach isfollowed in this paper. A main focusin theresearchis
on sustainable usewhich requires attention to the environment and
water quality.

Evaluation of principles
Water market doctrines

Water rights are generally based on one of three systems: public
alocation, prior (appropriative) rights and riparian rights. Public
allocation involves administered distribution of water.

Prior water rights as practised in the Western USA are estab-
lished by actual use and adistinction ismade between senior rights
and junior rights. According to the priority system, rights first
established are senior and must first be satisfied. The priority date,
diversionary entitlement, point of diversion, and placeand purpose
of usedelimit appropriativewater rights (Huffaker and Whittlesey,
1995). The water rights institution provide certainty in supply as
senior (prior) rights are fulfilled before junior rights.

Riparian rights link ownership, or reasonable use, of water to
ownership of adjacent landswhilerights are a percentage of water
available for irrigation. This structure of water rights spreads the
risk of variability equally among share holders.

The riparian doctrine only recognises rights of riparian land-
ownerswhiletherightsof other potential usersarenot protected by
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law. The new South African Water Act has changed this legal
priority of rights dramatically. Only water required to meet basic
human needs and to maintain environmental sustainability, also
referred to as the Reserve, will be guaranteed as aright (DWAF,
19994a). Under the new SA Water Act, farmerswill have to apply
for licenses to use water. Licenses are not to exceed 40 years and
water must be used beneficially. In contrast under riparian water
law farmers have water rights whether or not rights are exercised.

SA farmers pay water rates/charges/tariffs on land scheduled
under government water schemes or irrigation board schemes
whether water isactually applied or not anditisunclear whether in
the SA context non-use will constitute beneficial use asisthe case
inAustralia That is, in Australiafarmersretain licensesto unused
water in spite of the condition that water must be beneficially used
(McKay,1999; Agriculture and Resource Management Council of
Australia and New Zealand, 1995). As the preliminary water
Reserve in South Africa has not been determined by early 1999,
transfers of dormant water rights are permissible on a temporary
basis and only in areas not considered high stress. In high-stress
areas, transfersare not allowed until the relevant proceduresarein
place (DWAF, 1999b).

Water law

Water markets are rooted in a system of water law that displays
three attributes: security, stability and flexibility in protecting
transferability of property rights(Hobbset al.,1994). Security isthe
ability toidentify and gain protection for theright of use. Stability
assumes that the right of use will continue to be recognised.
Flexibility allowstheright of useto be transferred to another use.

Changes in South African water law have affected both the
security and stability aspect. Thisexplainswhy theemerging water
market in the Lower Orange River in South Africa ceased trading
in 1998 (Armitage et al.,1999). Whether water markets in South
Africawill beviablein futurewill depend on government policies
which foster transferability of rights between potential buyersand
sellers. In the absence of legal institutions that promote trade,
tradingwill beexpensive, whilethird-partieswill not beadequately
protected; thus the process will be ad hoc. Water laws in the
Western USA not only permit trading but foster trading
(MacDonnell, 1990). In contrast, South African water law states
that provision will be made to enable transfer or trade with
ministerial consent (DWAF, 1999a). This, of course, implies that
the conditions under which trading may take placein South Africa
are still uncertain.

A water right in Colorado is alegally sanctioned right to use
water, protected by federal and state constitutions. Colorado law
favours water transfersin several ways:

* Water rightsareregarded asvested property rights, which may
be transferred in the same way as other property rights

* Thebasisfor lega review of rightsislimited.

* Water resourcesaretreated aslargely interchangeableandtheir

utilisation is promoted (MacDonnell, 1990).

Equity

Equitable concerns are essential features of water markets. In
developing countries equity is usually defined in terms of the
distribution of benefits to small and larger farmers (Sampath,
1992). Equitable concerns in the USA are the apportionment of
interstate waters between states (Howe, 1996) while the USA
Congress freed Native American tribes from obligations to repay
any of the capital costs of constructing federal irrigation projects
(Young, 1998a).
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It is essential that South Africa address the equity issue as it
would provide more stability to the social fabric of society and the
new Water Act is evidence that the government is serious in its
commitment to equity. Constitutional changes are aimed at assist-
ing previously disadvantaged communitiesand it iscertain that in
future projectswelfareimplicationswill be considered. Disadvan-
taged communitiesneed particul ar protectioninwater marketsand
one such a protective step is to vest rights in the hands of the
community so that community-wide decisions are required to sell
water (Howe, 1998).

Howe (1996) and Sampath (1992) both conclude that equity
and efficiency may be promoted in awater market. It is, however,
guestionable, whether small-scale farmers in South Africa will
gain more water through market forces because of capital and
technological constraints.

Water markets

Water can be priced through tradablewater rights, attemptsto price
at opportunity cost through administrative pricing or some other
costing technique such as actual operating cost. If water rightsare
transferable, then the market attaches an opportunity cost towater.
Thisisthe preferred strategy in international economic literature
(Briscoe, 1997; Thobani, 1997; Anderson and Snyder, 1997;
Livingston, 1995; Cummingsand Nercissiantz, 1992; Howe, 1997).
In the absence of a water market, the value of water becomes
incorporated in the price of land and as no volumetric price is
attached to water, no incentive exists to use water as a scarce
resource.

Price and consumptive/diverted use

Inresponseto anincreasein the volumetric price of water afarmer

may:

a) shift to crops that are more water efficient, or higher valued;

b) continuewith the same crop and acreage and apply lesswater;
or

c) employ more water saving technology by, for example mov-
ing from flood to drip irrigation.

However, according to some expertsnowater issaved by adopting
water-saving technologies (point (c) above). Some (Huffaker and
Whittlesey, 1995; Frasier et al., 1998) contend that increased on-
farm efficiency such as use of water-saving technology createsthe
illusion of water conservation when, in reality, the consumptive
(water taken up by plants) use of water may increase. In a hydro-
logical system, water not taken up by the plant will be returned to
the basin or aquifer and be available for other users. Allowing
farmerstoirrigatealarger areaif they usewater-saving technol ogy,
such as drip irrigation, leads to lower return flow and increased
consumptive use of water. This is expected to happen in South
Africaasfarmersalongthe Sunday’ sand Lower OrangeRiversare
permitted to irrigate larger areas if water saving technologies are
adopted (Armitage et al., 1999).

If the consumptive useincreases, then of courselesswater will
beavailablefor other users. Although the opportunity cost priceto
irrigation water (volume applied) isincreased in such a case, the
consumptive use is expected to increase. If a price is attached to
consumptive use, then theincentivewill be given to economise on
consumptive use by adopting technologies (a) and (b) above.

A policy of not permitting farmersto irrigate moreland in the
above situation is an economic second best (less efficient to the
above) solution, as a further constraint is placed on the farmer’s
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decision-making. From a practical perspective second best solu-
tions may be adopted. From an economic perspective, if the
consumptive use of water isthe scarce resource then thisresource
should face the user charge (or opportunity cost), otherwise the
solution is less efficient.

Thetransfer of water out of a system may affect other users of
waterswho arenot partiesto thetransaction. Whileother usersmay
bebetter off asaresult of water trades, their concerniswith possible
adverse effects. These users may be other consumptive users of
water (such as farmers down-stream) or other non-consumptive
users such as the environment. Additionally the quality of the
return flow may be affected.

Other consumptive water right holders

The transfer of water rights to another user may negatively affect
down-stream users who are dependent on the return flow of the
previous use. Moreover, changes in the pattern of water use may
affect other holdersof water rightsif their rightsdepend on existing
patterns of use (GAO, 1994). Under Colorado water law atransfer
may not cause injury to other parties (no damage principle) and
other senior water right holders (irrigations) can legally prevent
transfer inthe event of injury. To simplify theimplementation and
enforcement of the no-injury rule, the consumptive-userulewas
created to protect off-stream water users. Under thisrule only the
consumptiveuseof water can betransferred. Althoughinformation
on consumptive useis moredifficult to obtain than on actual useit
solves the problem of avoiding injury to other consumptive users
(for instance farmers). However, the difficulty in measuring con-
sumptiveuseand return flow significantly increasesthetransaction
cost of this system (Y oung, 1998b).

Moreover, if consumptive use rights are transferred other
consumptive usersare not harmed and thusyet costlier litigationis
avoided (Y oung, 1998b). Therefore in most statesin the Western
USA, water rightsare based on consumptive usewith protection of
third-party rights to return flows. Transferring consumptive use
rights may entail setting river basin and regional standardsfor the
consumptive use of water per irrigated hectare based on crop type,
historic water availability, and other local variables. Such stand-
ards should be flexible enough to account for variations in water
availability and local conditions. These data should be devel oped
by thebuyer and seller and third parties should not haveto develop
the data (Western Water Policy Review Advisory Commission,
1998).

Other non-consumptive right holders (instream and
environmental uses and users)

The consumptive-use rule was not designed to protect hon-con-
sumptive uses, such as instream uses, from injury during the
transfer process (Gillilan and Brown, 1997). The most significant
externalities are associated with recreational and environmental
water valuesandwithwater quality. Benefitsgenerated by instream
flows are often public goods not conducive to well-defined prop-
erty rights and are characterised by non-rivalry and non-exclud-
ability.

If awater right istransferred from down-stream to up-stream,
then streamflow will usually be less below the new diversion (up-
stream ) point if the buyer is a farmer or other consumptive (i.e.
urban) user. Reductionsininstreamflowsmay negatively affect the
environment or aquatic wildlife (GAO, 1994). If transfers are
conditioned by the ‘no damage’ principle instream rights are
secure, but flexibility in transfers is sacrificed (Livingston and
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Miller, 1986). Theflexibility of being ableto transfer awater right
adds value to it because the market value of the right reflects not
only the value of current use but also that of future opportunities.

The effect of water right transfers on instream flows may or
may not be considered during a transfer hearing in the Western
USA, depending on the state. Whether thiswill changein futureis
unknown (Gillilan and Brown, 1997).

Water quality

Most water diverters are not required to take into account the
deterioration in water quality they impose on the stream. It is
estimated that the Grand Valley Irrigation Project in Western
Colorado was contributing 10 t of sat to the Colorado River per
irrigated acre per year (Howe, 1998).

In Colorado, the extension serviceischarged with theadoption
of voluntary best management practices (BMP) by educating
farmersonthelevel andtiming and application of nitrogenin order
to meet, but not exceed, crop uptake. At present penalties are
uncertain. To avoid excessive application, Livingston and Cory
(1998) assert that state-initiated monitoring with meaningful fines
is required while enforcement effort should be targeted on soils
susceptible to leaching.

Inthe Eastern Capein South Africathereturnflow of irrigation
water in the Fish and Sunday’s Riversis so highly polluted with
saltsthat the return flow is not suitable for irrigation. The Depart-
ment of Water Affairsand Forestry regularly flushestheseriversby
releasing water from the Orange River. In Port Elizabeth the water
from the Sunday’s River is not fit for human consumption due to
high pollution levels. Moreover, treatment costs are high.

Provision of appropriateincentivesto farmersto reduce pollu-
tionisproblematic. A pollution tax (“Pigovian™) on water applied
in these resource-sensitive areas may be considered. The tax may
be based on the additional cost of water used to flush the system,
plus the treatment cost of the Port Elizabeth municipality down-
stream. To simplify monitoring and enforcement it is further
suggested that the tax be based on (actual) area under irrigation.

Opportunity cost pricing and acreage water rates

A main problem with opportunity cost pricing is that opportunity
costs are subjective and are not objectively observed (Pasour,
1990). Secondly, water supply and demand are seasonal and
opportunity cost varies according to location, reliability, season,
use and quality (Thobani, 1997). Thisis especialy true in South
Africawhererainfall iserratic. Thirdly, marketsaredriven by cost
and income expectations that are not observable. Fourthly, water
needsto be metered. A central water authority isrequired to set the
price, monitor use and collect fees and the implementation cost
associated with volumetric pricing is relatively high (Tsur and
Dinar, 1997). In contrast, there is no volumetric pricing of water
which is extracted from rivers in Colorado by water authorities
(Young, 1998a).

Briscoe (1997) contends that the appropriate approach for
ensuring that the scarcity value of water istransmitted to users, is
to clarify property rights and facilitate their leasing and not by
rolling opportunity costsinto water tariffs. He proposesthat South
Africashould consider thelatter route. Themarket solutionto price
water at opportunity costs is tradable water rights. The market
institutions for tradable water rights in the Northern Colorado
Water Conservancy District will now be discussed.
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Northern Colorado Water Conservancy District
(NCWCD)

The NCWCD includes irrigated and dryland farming areas and
towns and cities in the South Platte River Basin, north of Denver
and east of the Continental Divide. Mountain stream runoff is
supplemented with transmountain diversions and groundwater
pumping. Two major transmountain projects, the Colorado Big
Thompson (C-BT) and the Windy Gap together provide 444
million méannually of supplemental water to usersintheNCWCD
(NCWCD, 1998). C-BT water allotments are much sought after in
Northern Colorado because of the easein transferring C-BT rights
to other uses (Hobbset al.,1994). If municipalitiesintheNCWCD
want to purchase C-BT water they are also required to purchase
local water (base flow) (Ward, 1998).

Transfers are subject to approval by the NCWCD Board of
Directors. In practice, transfers from irrigation to municipal or
industrial use areroutinely granted, after examination of the need,
by the new user, for a supplemented water supply. Transfersfrom
onetract of irrigated land to another are subject to adetermination
that the new acreage has a base existing supply of water and that
supplemental water is needed (Hobbs et al., 1994).

The C-BT project, excluding the Windy Gap, has been de-
signed to deliver 384 million m® (310 000 acre feet) of water,
converted into 310 000 shares. The price of C-BT water is thus
expressed interms of 1/310 000th of the annual supply. The quota
of water actually delivered under each C-BT unit is set each year
by the Board of Directors.

L essons can belearned from Col orado water markets astrans-
fersin someinstancesaresimpleand inexpensiveand requirelittle
time as far as C-BT water is concerned. The C-BT water market
administered by the NCWCD issophisticated while C-BT water is
supplied to an area characterised by an arid climate and as vast as
the state of Connecticut. Transfers outsidethe NCWCD have been
costly in many instances. Some of the features of this market will
be discussed.

Ownership of C-BT water

TheC-BT project wasconstructed between theUnited Statesasthe
constructor and title owner and the NCWCD as repayment entity,
operator of facilitiesand distributor of project water. Although the
United Statesgovernment isthe owner of the project and thewater,
theNCWCD isgranted the perpetual right touseall water avail able
for irrigation, municipal, industrial and domestic purposes
(NCWCD, 1998).

TheBoard of Directorsof theNCWCD haspowerstomakeand
enforce all reasonable rules and regulations for the management,
control, delivery etc. of water. All land owners pay an annual levy
on acreage under irrigation (property tax) for repayment of the
fixed costs of providing the infrastructure and the operation and
management.

Infrastructure

Physical circumstances, aswell asthe economic value of water in
dternative uses, determine the gains from trade. The cost of
transporting water necessary to completeatransfer may render the
transaction uneconomical (Livingston, 1995). The C-BT project
deliverssupplemental water to 607 000 hawithinNCWCD bounda-
ries. Thiswater market isinterlinked as the main reservoirs obtain
water from the same supply source (Adams Tunnel). Water is
delivered through the C-BT system to 29 cities and towns and to
100 ditch and reservoir companies (NCWCD, 1998). Within this
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largebasin C-BT water iscomputer-controlled and theval uesof the
marginal product of water of users will be equal.

Transaction cost

Transaction cost of transfer of ownership of C-BT water is esti-
mated at lessthan 1% if brokers are not involved in the sale while,
if brokersareinvolved, thetransaction cost could beashigh as10%
of the purchase price (Berryman, 1998). A water lease within a
ditch company’s area can be arranged by phone in a manner of
minutes (Eckert, 1998) and costs $12 per 1 000 m®. Transfer of
ownership of C-BT water takes about two to threemonths, with the
NCWCD recording all transactions. The NCWCD does not act as
broker but a number of private brokers do exist. Further, regional
newspapers carry information on sale and |ease opportunities and
the set-up is analogous to housing and land markets (K emper and
Simpson, 1998). Information search cost is low. The NCWCD
operates a dispatch centre, which is available on a daily basis to
receive and process water orders (Kemper and Simpson, 1998).

Theprice of water in 1998 was $2 400 per 100 m?, giving arate
of return of only 0.5% on the purchaseprice. Thelow rate of return
isdueto urban purchaseof water for futureuse. Thiswater isleased
back to agriculture at alow price.

If local water were transferred between ditch companies or
different uses (agriculture to urban), transaction cost are likely to
be high if the salewould be contested. In many instanceslitigation
cost can be avoided if potential purchasers first consult with
possible third parties (Berryman, 1998).

Water transfers in the NCWCD

As diversion costs are high for individua farmers, non-profit
co-operative organisations called mutual ditch companies were
created. Typically, these companies own and manage the delivery
of water and facilitate market transactions by performing monitor-
ing, distribution and enforcement functions(K emper and Simpson,
1998). Individual farmers own shares in the company and when
water istransferred it isusually the sharesin the company that are
transferred (Y oung, 1998a). When afarmer needs C-BT water, he
contacts hisditch company’ s secretary who in turn collects orders
for the day and informsthe District Dispatch Centre (Kemper and
Simpson, 1998). In this decentralised market, C-BT water is not
deliveredto eachfarmer directly but to theditch company’ sintake.
Ditch companies range in size from 250 hato 22 000 ha

AsCBT water isimported, it isnew water and no third-party
claimstothiswater exist. Thusthereturn flow of consumptiveand
non-consumptive users need not be considered (Berryman, 1998).
Further, streamflow has increased in the NCWCD as a result of
higher return flow. The absence of third-party claims on C- BT
water makes this water easily transferable within the NCWCD
without litigation expenses of claims being contested. Of the 1049
million m® of water presently available within the NCWCD 271
million méor 25%isC-BT water. Third-party implicationsneed to
be considered for the non C-BT water which isreferred to aslocal
water or base water.

However, local water can be transferred within a ditch com-
pany area without consideration of third parties or return-flow as
there are no negative impacts of such a transfer (Nettles, 1998).
Partiesmust, however, apply toawater court to transfer |ocal water
between ditchesor if thewater isto be used for adifferent purpose
(say irrigation to urban). In this case only consumptive use is
transferred. Consumptive use is based on historic return flow in
individual cases and the court will determine how much can be
transferred, based on information from water engineers. Giventhe
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ease of transfer of C-BT water and the cost of transferring local
water between ditches, little local water is transferred between
them (Nettles, 1998).

Although C-BT water is highly transferrable within the
NCWCD, this water cannot be transferred outside the NCWCD.
Local water can be sold outside the NCWCD but third-party
implications need to be considered.

Thisis illustrated by a highly publicised case involving the
purchase of water by the Denver suburb of Thornton from awater
company in the Poudre River in 1985. The amount Thornton was
prepared to pay far exceeded the agricultural value of the water.
Both buyer and seller agreed to the sale but third-parties contested
thetransfer on the basisthat it would affect the timing and amount
of return flow. Thirteen years after the purchase, the saleis till in
limbo (Berryman, 1998) and untold amounts have been spent by
agencies defending their legal positions. Denver could not have
bought the highly transferable C-BT water asthiswater cannot be
transferred outside NCWCD (C-BT) territory (Ward, 1998).

Other third-party and instream uses (non-onsumptive)

Colorado Water Law includes instream flow protection, which is
considered abeneficial use of water. However, the main conserva-
tion agency in Colorado namely the Colorado Water Conservancy
Board (CWCB) hasonly been concerned with maintaininginstream
flow to protect cold water fisheries. Thus interests such as other
wildlife, water quality, recreation, wilderness and aesthetics have
no protection beyond that required by fish (Nationa Research
Council, 1992). Rights held by the Board are further of a junior
nature since rights were obtained in recent times (Nettles, 1998).
Under prior appropriation junior (more recent) rights can only be
fulfilled after the senior (older) rights have been exercised.

Instream flows have two dimensions: the first deals with the
quantity of water available for recreation, fishing, water fowl and
scenic purposes, and the second deals with the quality of water
available for pollution dilution.

Water rights

Rights can be transferred in different ways. Rights may bein the
form of prior rights to streamflow, sharesin a ditch company, or
rightsin water stored while water may be sold, leased or loaned.

Short-term leases of direct flow rights are most frequently
observed within ditch companies or amongst owners of ditches
drawing fromthesamesource. AsC-BT water isstored at theupper
end of the large network of ditch companies, leases of water can
easily be implemented with gravity deliveries at little extra cost.
Temporary loans of water are possible and repayment isin accord-
ance with the loan agreement (Y oung, 1998a).

Rightsto storage water are afurther development which arein
addition to flow rights and are thus complementary to other rights.
Reservoirs can capture unappropriated water (excess water or
water with junior rights). Once water isin storage it may be used
at any time by its owner.

Change in demand

Cities own 50% of the water but normally only use 30% of the
water, with the non-used portion leased back to agriculture
(Berryman, 1998). They have bought more water rights than
needed at present as insurance against drought and also allowing
for future expected urban growth. Cities thus have adopted risk
adverse behaviour.

Agricultural use of water has declined from 95% in 1956 to
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71%in1997, whilemunicipal andindustrial useincreasedfrom 5%
to 29% (NCWCD, 1998). This implies that important trades are
between agriculture and non-agriculture. Irrigated hectares re-
mained constant from 1957 to 1971 at 291 000 habut then declined
t0 242 000 hain 1997 (NCWCD, 1998) astransferred water rights
out of agriculture have to be accompanied by fallowing land.

Whilethewater market hasledtoapermanent transfer of water,
seasonal rentals have also increased. The percentage of the water
delivery quota rented or “moved around” increased from 30% in
1959 to 70% in 1992 (Kemper and Simpson, 1998).

Groundwater institutions

Groundwater, thewithdrawal of whichwill not depletestreamflows,
is treated as private property and will not be discussed here.
Groundwater rightsreferred to in this section are rights that affect
surface water rights, also called tributary rights. Due to the
common ownership of the latter groundwater rights, over-exploi-
tation is a problem and the challenge is to create institutions that
will prevent this. Observing institutions in the market place is
instructive as these institutions have already overcome some deli-
cateissues. A very practical approachto privati sethesegroundwater
has been adopted by the Central Colorado Water Conservancy
District (CCWCD). For an ingtitution to function it needs to be
based onlegal principlesand acceptableby participants, both apply
in the latter case.

According to the CCWCD approach, the prior appropriation of
surface water rights was extended to groundwater. According to
this system “first in time, first in right”, rights which have been
established first are senior to those established later. Most surface
water rights (ditches) were developed in the 1800s while ground-
water rights (wells) wereinstalled in the mid-1900s. The pumping
of groundwater causes“injury” to surfacewater userswhich under
Colorado law could demand the closing of wells.

Inorder tomaximiseutilisation of both surfaceand groundwater,
the Colorado L egislature passed an act allowing for augmentation
of groundwater. The CCWCD was formed by public petition and
voteto giveimplementation to this (CCWCD, 1998). Thisinstitu-
tion purchaseswater from senior rights holders (farmers) and then
releasesthe water at recharge sites. The augmentation plan covers
over 1 000 wells and over 1 942 km?. Members have an annual
depletion of approximately 91 million m* (CCWCD, 1998).

Colorado Water Law requiresthat awell should have a permit
and that its pumping rate be certified and reported. The legal
description of the well includes the date when water was first put
to beneficial use, amount of water pumped, area irrigated etc.
Farmers pay atax on acreage under irrigation from awell, aswell
asaproperty tax. The quantity and quality of water are monitored
for eachwell. Theareais, however, vast, which makes monitoring
not always possible (Linker, 1998). Groundwater samples are
taken several times a season from 150 wells to detect seasonal
trends in concentration of nitrate and pesticides. Results so far
show no significant findings of pesticides (NCWCD, 1998).

However, according to Livingston and Cory (1998) nitrateisa
problem. Nitrate concentration levels have increased from 1957 -
65 to 1989. In the latter period only 30% of the samples had
concentration levels below EPA standards.

Cost-efficiency of institutions
In awater market there is a trade-off between resolving environ-
mental concernsand keeping transaction cost low. In most western

states of the USA, transfers are considered by the State Engineer
while in Colorado, court approval must be sought. The latter
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reguirement explains why one third of US water lawyers practise
in Colorado. The only water tradesin the NCWCD that take place
are between users where legal approval isnot necessary. Tradeis
only in C-BT water or between farmers within the same ditch
company.

Simple changes in ownership may occur without restriction.
Transfersinvolving changesin other attributes such asthe purpose
or place of use are, however, subject to legal review. Water rights
may be changed with respect to point of diversion, thetype, place
or timeof use, or between direct flow and storagerights. Thewater
court must approve achange request if the applicant demonstrates
that there will be no injury to other water rights or if terms and
conditionscan beimposed that will eliminateinjury. Two possible
sources of injury are:

* depletion of streamflow and
» changeintiming of flows.

Any changein point of diversion on ahighly appropriated stream,
is likely to alter stream conditions (MacDonnell, 1990). Many
victims may not have sufficient incentivesto organise themselves
as benefits are dispersed (harm is spread amongst alarge number
of environmental users) and thetransaction cost of organising them
is high.

Ingtitutions in the form of rules of the game must establish
incentives that promote social desirable outcomes. Livingston
(1998) considers three sets of rules:

Rule 1: The environment is a constraint and some areas are pro-
tected. Protect for instance that part of the river that is
sensitive.

Rule 2: General rule of “no damage”. The burden of proof isthen
on theindividual which is costly.

Rule 3: The State acquire water rights and streamflow is aug-
mented when needed. The State could purchase senior
rights giving the environment the same protection as other
senior rights holders. Engineers are familiar with hydro-
logical implications of transfers and using the latter route
may be more cost-effective.

Legal costishighif water istransferred outside NCWCD bounda-
ries. Experts (Howe, 1998; Young, 1998b; Hobbs et a., 1994)
contend that thelegal constraints preventing NCWCD water to be
sold outside the NCWCD create an inflexible system. One of the
main attributes of water law isflexibility which allowstheright of
useto betransferred to another use (Hobbset al., 1994). Livingston
(1998) and Howe (1998) are of the opinion that the decision-
making unit should be large enough to capture possible externali-
tiesand that water markets should encompass|arger partsor entire
river basins.

Office of the State Engineer

The State Engineer has statuary authority for administering the
watersof thestate. Thisofficeisresponsiblefor theadministration
and distribution of thesewatersin accordance with the principl e of
“prior appropriation”. Officials are required by law to see that
watersof thestateareavail ablefor theuseand benefit of thepeople.

Using data from monitoring stations, the office ensures that
ditch companies do not divert more water than allowed for, given
the seniority of its members; each year more than 1 500 wells are
monitored (Division of Water Resources, 1998).

Dueto high legal cost of transfersin Colorado, if C-BT water
is not involved or if transfers are not within a ditch company
domain, several experts have proposed that the transfersin Colo-
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rado should be handled by the State Engineer asin other statesand
not by water courts (Livingston, 1998; Grigg,1998; MacDonnell,
1990; Howe,1997). Transfer applications that involve injury to
othersrelate primarily to technical factual issues rather than legal
issues (MacDonnell, 1990) and the findings of the State Engineer
areusually accepted by all parties (Howe, 1997). Theaveragetime
from application for transfer to final approval istypically twice as
long in Colorado than in New Mexico and Utah where the State
Engineer approves transfers. Court proceedings are long and
costly. Further in Colorado, 62% of transfersare protested but only
8% inUtah and 6% in New Mexico (Howe, 1997). Others(Y oung,
1998b; Ward, 1998) see merit in court approval of transferswhile
Y oung (1998b) contendsthat transaction cost of transferscannot be
compared between states as the complexity of transfers differs. A
broader set of interestsimplicated by transfersneedsto beincluded
(MacDonnell, 1990; Livingston, 1998; GAO, 1994).

Efficiency and environmental impacts

Whereas the availability of C-BT water in the NCWCD has
simplified transfers, transfers in the Arkansas River in Southern
Coloradoarecomplex anddifficult. Rightstransfersfromirrigators
to urban usersinvolve complicated exchanges over long distances
and jurisdictional boundarieswhich give cause to extensive nego-
tiation and litigation (National Research Council, 1992).

Transmountain diversion projects bring in 247 million m? of
water into the Arkansas River Basin in Southeastern Colorado but
only 62 million m® of thiswater provided through the Twin Lakes
Reservoir have been marketed. A decreewasobtained inthewater
court to change the purpose of use from irrigation to multiple use
of Twin Lakeswater rightsand Twin Lake stock suddenly became
one of the most flexible sources of water in the area (National
Research Council, 1992).

Neither the State Engineer nor the water court historically has
dealt with water quality issues; however, these issues are arising
morefrequently. Presently, thediversion of water for beneficial use
in Colorado cannot be restricted for water quality protection.

The water court system allows anyone with potential water
rights injury to become a party. Legal and engineering costs
sometimes bar access to courts for individuals, while broader
community concernsarenot addressed by organi sationsrepresent-
ingindividua rights. Coloradoisthe only western state that hasno
law directingthat publicinterest betakenintoaccountinsomeform
during water transfers although broader community concerns are
been given more consideration in recent times.

Although these third-party effects are now playing a more
important role, thereis not an integrated mechanism for weighing,
avoiding and mitigating impacts on third parties. Actions of third-
parties are often not consistent and predictable and can impede or
prevent transfers or developments that are socially and economi-
caly beneficia (Nationa Research Council, 1992). Third-party
influences can also vary with the type and relative wealth of the
developer as the high legal cost of contesting claims can make it
difficult for poor communities to contest claims (Ward, 1998).

Basin of originissuesare handled case-by-case, causing uncer-
tainty. Project proponents often do not know the potential cost of
modifications and affected parties do not know which of their
claimswill be resolved satisfactorily (National Research Council,
1992).

The United States General Accounting Office (GAO,1994)
compared various strategiesfor addressing the adverseimpactson
third partiesand concluded that effectivenessvariesand that noone
strategy isbest. Moreover, each transfer situation isunique, so that
strategies may effectively addresscertainimpactsin somecircum-
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stances but not others.
Amongst the strategies given favourable ratings were:
e publicinterest review;
e establish minimum streamflow; and
e zoning(preventingtransfersfromsensitiveareas) (GA0,1994).

These stategies will now be discussed.

Public interest review

Many states in the USA consider the impact on public interest
through a public interest review. Typically proposed transfers are
announced through public notice and concerned parties can submit
protests describing concerns. The concerns may be addressed
further at a public hearing. Whether a transfer is in the public
interest is usually decided by the state engineer or other water
resource officials (GAO,1994). A public interest review can ad-
dress most third-party concernsif all concerned third parties have
opportunity to becomeinvolved ( Livingston, 1998). It isdifficult
to get all affected third parties represented in the process. Where
benefits are concentrated, groups may be better organised but if
benefits are dispersed, the incentive for agroup to organise them-
selves may be low as predicted by transactions cost theory. Envi-
ronmental groups may fall in this category. A lack of reliable data
onenvironmental impactscan limit the effectiveness of addressing
these impacts. A negative aspect of extensive review isthat it can
add significant cost, delaysand uncertainty totheapproval process.

Minimum streamflow

Some states in the USA establish minimum streamflows or lake
levels to protect environmental conditions. This is seen as an
effective solution for avoiding degradation of surfacewater condi-
tionsbutisnot sufficient asageneral solutiontoall conditions. This
strategy has low transaction cost as transfer applicants only must
demonstrate that transfers meet specific standards. However, once
standards are exceeded, transfers cannot occur and some transfers
are prohibited regardless of the value (GAO, 1994).

Zoning

Environmental values in sensitive areas can be protected by zon-
ing. Theissuethenisto determinewhich areas should bezoned and
who should makezoning decisions. Zoning raisesthe possibility of
government failure ( Pasour, 1990). Aswith the previous strategy,
zoning has low transaction cost but may prohibit certain types of
transfers regardless of their value (GAO, 1994).

Transferscould al so betaxed and the proceedsused to mitigate
impacts of transfers. Taxes are timely and certain and do not
prohibittransfers. However, all transfersaretaxed whether impacts
are positive or negative which is non-discriminatory.

Transaction costs incurred to redress third-party claims serve
abeneficial rolewhen effected third-partiesaregivenavoiceinthe
review process. However, there may be opportunities to reduce
transaction cost by clarrifying state policies. Thecost of mitigating
third-party effects may be internalised as a cost of the transfer but
this does not mean that externalities must be eradicated. Though
ubiquitous, most externalities should be ignored by law and they
usually are (Buchanan and Stubblebine, 1962).

Lessons for South African water markets

Water markets may encounter ideological opposition as water
traditionally has been regarded as a public good. The Colorado
example shows that a market can develop for the usufructuary
rights of water while water itself remains public property. The
highly transferable C-BT water is owned by the US Government.
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This is important for South Africa since, according to the new
Water Act, the South African Government will act asthe custodian
of the nation’ swater resources and its powersin thisregard will be
exercised asapublic trust. The Colorado example al so shows that
awater market requires both government involvement and active
water-user participation. The government can assist in providing
institutional support but water needs to be managed at the lowest
appropriate level.

SA farmers pay water rates on land scheduled under govern-
ment water schemes or irrigation board schemes regardless of
whether water is used. This policy has merit and should be
continued asit allowsthe state to recover some of its expenditure.
However, current water rates in South Africa do not achieve cost
recovery and, as in the Western USA, water is subsidised to
agriculture. If water isnot volumetrically priced no scarcity value
isattached to water. Irrigation water isthus under-priced in South
Africa

Administrativepricing of water at opportunity costsisunlikely
to be successful as opportunity cost varies according to location,
reliability, season, use and quality. Opportunity costs are also
subjective and are not objectively observed (Pasour, 1990) and
therefore cannot be calculated. In a water market, water is not
priced by administrators but the market attaches an opportunity
cost priceto water and thus promotesthe highest valued use of the
water. This has equity implications for the broader population as
they benefit if agriculture uses water more economically effi-
ciently, and releases water.

Equity is, however, better addressed by non-market means. An
exampleisthe new Water Act of 1998 which hasdefined therights
of thedifferent user groupsof water and thushaveimportant equity
implications. Further, the current land redistribution programmein
South Africawill asoredistributewater rightsasthevalue of water
is incorporated in the price of land. Where inequalities exist
regarding access to water, then these must be corrected through
political negotiation. Water markets can only operate after all the
role-players have agreed on the initial apportionment of rights.

In spite of the absence of legal institutional support, water
markets have started to emerge in the Lower Orange River and in
the Fish and Sunday’ s Riversin the Eastern Cape. Current owner-
ship uncertainty of water in South Africa is not conducive to
transfers. For example it is uncertain under the new Water Act,
whether farmers who have not used their water rights will still
retain them and be able to sell them.

There are two reasons why agricultural water markets do not
releasewater in South Africa. Thefirstisthat theonly water trades
that havetaken placeintheseriversare between non-usersof water
and intensive users. It may take time before all sleeper rights
(water not used) are activated. This ‘problem’ also exists in
Australian water markets (McKay, 1999).

The second reason isthat transferring diverted use of water in
agriculture does not attach a price (opportunity cost) to the use of
water (consumptive use). The transfer of diverted use (water
actually applied) provides irrigators an incentive to irrigate yet
larger areas by adopting technol ogiesthat reduce application rates.
Theresult isthat the consumptive use of water increasesand water
pricesthus do not promote the use of water asascarceresource. In
South Africadiverted useistransferred and irrigation farmers are
permitted to irrigate larger areas if they adopt water conservation
technologies such as drip irrigation. Administrative volumetric
pricing of diverted useof water will also not promotewater savings
in agriculture for the same reason.

Inthe Western USA water istransferred based on consumptive
use (excluding C-BT water) to protect other consumptive users
who may be harmed by diminished return flow if water isdiverted
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from afully appropriated stream. This consumptive-use rule was,
however, not designed to protect non-consumptive uses such as
instream uses from injury during the tranfer process. The most
significant externalities are associated with recreational and envi-
ronmental water values and with water quality. Environmental
issues have become more prominent in the Western USA and a
trade-off exists between security of environmental rights and
flexibility of water transfers as protection of instream rights will
constrain transfers.

Although water trades from down- to up-stream may reduce
instream flow and harm the environment, themore usual tradesare
inthe opposite direction and arelikely to benefit the environment.
Institutions need to be created in South Africa to facilitate trade
while providing protection to the environment. The new South
African Water Act gives prominance to third-party (environment
and human needs) issues, and protectsthird partiesmorethanistrue
inthe USA.

Water engineers have played amajor role in water marketsin
both the USA and in South Africaand this research supportstheir
continued role. Their role is important as third-party issues are
often of atechnical nature. The findings of the State Engineer are
usually accepted by all partiesin the Western States, while water
courts have delayed the transfer process and made it expensive.
Poor communities may also not find it financially feasible to
contest claims in court.
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