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Transaction costs and agricultural water reallocation

Abstract

Governments have targeted irrigated agriculture water to satisfy social demands for
environmental flows to sustain river basins. The reallocation of water from agricultural to
environmental managers can be achieved through various management interventions, each
suited to specific river basin and political contexts. There are multiple institutional options to
reallocate water - market; regulatory; and legal - which are usually combined in practice.
Within any set of institutional frameworks transaction costs may impede desired changes in
water allocation and use patterns. Changes to these institutional options will incur transition
costs, a specific form of transaction cost associated with a shift from the status quo to a new
governance arrangement. Frameworks that account for transition and other transaction costs
may therefore improve selection of water reallocation intervention policies in political and
competitive settings. However, the use of such transaction cost-based frameworks remains
rare. This paper utilises a recently developed transaction cost analysis framework to provide a
comparison of the institutional arrangements employed for water reallocation in Australia’s
Murray-Darling Basin. Using expert interviews with environmental water managers we
identify expected magnitudes of transition and transaction costs associated with major water
reallocation options. Water leasing is identified as a no-regrets option (relatively low
transaction costs, and preserving future flexibility) while water infrastructure investment
represents an example of policy solution at the opposite extreme (relatively high transition

costs and high lock-in risk).

Keywords: agricultural water reallocation, transaction costs, transition costs, economic

analysis



1. Introduction

Institutions to promote the efficient and sustainable reallocation of water resources
across competing demands represent a high priority for many multi-jurisdictional river
systems. This is especially so given existing climatic variability and the anticipated effects of
climate change on water supply (e.g. IPCC, 2012). For such reasons there is growing
international interest in principles to design effective institutional arrangements that
reallocate water across human and environmental needs through markets (Garrick et al.,
2011), infrastructure capital investments (Saleth et al., 2011) or multi-level river basin
management (Garrick et al., 2012).> Australia’s Murray-Darling Basin (MDB) provides an
example of a large river system within a federal political context where market recovery,
infrastructure investment and multi-level management arrangements constitute a set of
institutional options used to encourage sustainable agricultural (e.g. irrigation) water
reallocation toward social welfare and environmental sustainability gains (Loch et al., 2014).
By 2024 the Australian government has committed to reallocating roughly one-quarter of
MDB irrigated agricultural water use to sustain environmental flows (DSEWPC, 2012). The
management and application of these environmental flows will involve institutions that

promote adaptive learning over time (CEWH, 2011b).

Ideally, institutions to achieve sustainable agricultural water objectives should involve
programs where targeted benefits exceed costs (NWC, 2012). Complete cost assessments
should integrate transaction costs—those resources required to define, manage and transfer
property rights in natural resources (McCann et al., 2005). However, traditional benefit-cost
analysis typically excludes assessment of transaction costs (Thompson, 1999). This is despite
many authors having identified the advantages of transaction cost assessments (TCA) in
natural resource settings (e.g. Challen, 2000), and more specifically the MDB context (Loch

and Mclver, 2013, Garrick et al., 2012). Transaction costs may impede otherwise desired

! Multi-level management involves formal and/or informal arrangements between national, state and
local/regional parties to provide appropriate sustainable water use objectives.
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shifts in water reallocation, and their nature and sources are a substantial knowledge gap in
the Australian water market literature. Consequently, TCA frameworks may assist in the
identification of more suitable (i.e., cost-effective) public policy arrangements for sustainable
agricultural water reallocation. In this way TCA may complement and/or supplement
traditional benefit-cost analyses, in which the larger context of benefits and costs associated

with water reallocation alternatives might be considered.

Garrick, et al. (2013b) develop a TCA framework to examine the evolution and performance
of water markets and reallocation policy reforms. This framework examines the interaction of
transition costs and other transaction costs across multiple phases of market-enabling policy
reform. In our paper we adopt this TCA framework to address three questions on the costs of
MDB sustainable agricultural water reallocation intervention approaches: i) how TCA can
inform the selection of reallocation institutions; and ii) what are the likely relative
magnitudes of transition and transaction costs across those alternative institutional options;
and iii) what are the transaction costs associated with achieving water recovery objectives in
the MDB? Accounting for and explaining transaction costs associated with potential reform
alternatives improves identification of program design principles to address these barriers
through comparative analysis of reallocation options within an integrated cost-benefit
framework (Marshall, 2005, Marshall, 2013, McCann et al., 2005, Ofei-Mensah and Bennett,
2013, Garrick and Aylward, 2012, Garrick et al., 2013b). In our analysis all three reallocation
options are analysed. However, rather than examine the benefits generated per dollar invested
in each option, our evaluation examines the least-cost path to deliver each unit of water for
the environment. This helps determine which option is most effective for achieving the next
unit/s of water recovery as part of the ongoing reform process. Our exploratory TCA-focused
analysis therefore illustrates how this outcome may be achieved to support policy evaluation
by agricultural and environmental water managers, meeting calls for integrated

policy/transaction cost assessment. Small-scale expert interview evidence is presented to shed



light on likely relative magnitudes of static transaction cost and institutional transition cost

alternatives.

2. Transaction costs and the TCA framework

Transaction costs arise in the search, bargaining and enforcement of property rights
governing natural resources (Coase, 1960). Effective and efficient reallocation of property
rights is often constrained by a range of legal, social, economic and physical barriers
(Bjornlund, 2004, Garrick and Aylward, 2012). Any proposed MDB water reallocation
arrangements must account for the impact of current policy choices on the cost of future
adjustments; that is, the risk of lock-in costs associated with diminished institutional
flexibility (Marshall, 2013, Challen, 2000, Garrick et al., 2013a). This is due to the fact that
MDB water reallocation options are affected by prior investments (Watson and Cummins,
2010, Harris, 2011) that reduce institutional flexibility (Challen, 2000, Crase, 2012).
Therefore, a thorough TCA of proposed MDB water reallocation options may highlight
important information about barriers to water reallocation, and help evaluate possible reform
alternatives to address those barriers. Comparing and evaluating expected future
arrangements from a transaction cost perspective may also assist water planners and

managers to achieve more cost-effective and adaptive policy design.

2.1 TCA approaches

With TCA the following general proposition applies: institutional structures possessing
transaction cost-economising properties will eventually displace those with greater frictions.
This may not occur when economising would result in the loss of valued objectives by one of the
parties to a transaction, such as political power or gain (Williamson, 1981). Such objectives are of
particular interest in the context of state versus federal control under the proposed MDB Plan

arrangements, and will be discussed later in our paper.



Future MDB water reallocation arrangements should ideally aim to minimise the costs
incurred to achieve a given level of benefit (Crase et al., 2013, Marshall, 2013). Conceptual
typologies of transaction costs (e.g. McCann et al., 2005) assist identification of relevant
transition/transaction costs and associated quantitative metrics, facilitating the assessment and
measurement of MDB water reallocation transaction costs (Marshall, 2013, Garrick et al.,

2013b).

2.2 The TCA framework

The TCA framework (Garrick et al., 2013b) is an extension of previous initiatives to
establish transaction costs typologies and theories of transaction costs and institutional
change in the environmental policy context (Marshall, 2005, McCann et al., 2005, Marshall,
2013). These approaches have been adapted to a water reallocation context, establishing three

broad classes of transaction costs (Challen, 2000):

a) Institutional transition costs refer to the costs of institutional change. For
environmental water programs these would include new delivery works and
measures; modification of existing works and measures; adjusting licencing systems
to account for environmental water; adopting new trading rules; conducting tenders
to establish acquisition prices; and developing new water accounting systems.

b) Static transaction costs refer to the costs of implementation: Once a program is
established there will be annual costs to implement each environmental water
reallocation option. These implementation costs include resources associated with
identifying water acquisition targets; identifying willing sellers; conducting
administrative review; conducting due diligence (including titling fees); monitoring
and reporting; and dispute resolution.

¢) Institutional lock-in costs refer to constraints imposed on future adjustments.
These costs can be conceived as a loss in the quasi-option value associated with

institutional flexibility.



Table 1 expands these categories for environmental policy and water reallocation
purposes. The framework assesses: the relevant types of transaction costs and their
interaction over time; the inter-temporal trade-offs between short-term and long-term impacts
of institutional change; the distribution of transaction costs across parties and time; and long-
term capacity to adapt as preferences, information etc. change (Garrick et al., 2013b). We
apply the TCA framework to: identify and compare the relative magnitude of different types
of transaction costs across different reallocation options; identify requirements for future
investment in institutional transition or static transaction cost areas; and determine

comparative differences between institutional approaches to water reallocation in the MDB.

Table 1
Categories of transaction costs (Source: Garrick et al. (2013b), used with permission)

Collective action Environmental policy Market-based water allocation

Research and information River basin development, planning and closure (cap)
Hydrologic and socioeconomic studies

Enactment or litigation Water rights reform (adjudication, conflict resolution,
Institutional transition rules)
costs Establish or reform water user associations
Design and Modification to storage and distribution
implementation Licensing systems

Trading rules and registries
Price discovery (auctions / tenders / brokerages)
Water accounting systems

Support and administration ~ Transaction planning
Identification of buyers / sellers
Administrative review (e.g. injury analysis)

Static transaction costs Contracting Water rights diligence

Monitoring and detection Water use accounting

Prosecution and Compliance monitoring and enforcement

enforcement Dispute resolution
Institutional transition Adaptation or replacement  Revise cap; adapt water rights and water user association
costs (future) rules; acquire water rights for the environment if cap is

revised downward

Our application of the TCA framework was implemented via expert interviews of
administrators working in the area of environmental water management at various
governance levels in the southern MDB. The MDB (Figure 1) offers an interesting context

for the application of TCA.



' MURRAY
% DARLING

Ay
e
»
.Chaxlevme Roma
L]
Toowoggba
1D Cunnamulia St George BRISBANE
QLD () i
Goondiwind "S-~ "
@, ¢
"%, Moree
ot
850
NSW Bourke s
L4 . V¥ Narrabri
. \
E Tamworth
X ©
Broken
.Hm
Dubbo
[ ]
.wanhoe
Forbes Orange
L]
Wentworth / ¥ ot :YDNEY
Repmark
. f'aJ\‘m O Midura = wm
ADELAIDE - Mumay 2 - Wagga
m | Brage Finnarco ¢ | ova993 o NBERRA
=t \k T
' ' N g — Albury RN
4 - sppartofmoorodpna
‘H’ofsham “B
Seymou
° ymour
i . _MELBOURNE
VIC . 2 -
Capital city
®  Main town
Main rivers
“»." State border
N
i “ Irrigation districts
J ) :
{ Murray-Darling Basin
{ TAS Sources:
—— T 3 - Bureau of Rural Sciences
- Geoscience Australia
0 150 300 km - Murray-Darling Basin Authority

Fig. 1. The Murray-Darling Basin (MDBA, 2012)

The Basin has undergone comprehensive water reform since issues of scarcity,
pollution and competition became apparent, particularly since the late 1980s. New
commitments to environmental sustainability coincided with prolonged drought to accelerate
and deepen the reforms, particularly to return basins to sustainable levels of extraction
(COAG, 2004). The full nature of historical water reform issues is beyond the scope of this
paper (for a comprehensive and useful review see Crase (2012)). However, the federal

government and its key river basin agency, the Murray-Darling Basin Authority (MDBA),
8



have made significant financial investments to implement water reallocation policy, planning

and institutional arrangements.

3. Expert interview methodology

The objective of the expert interviews was to establish the value of the resources (e.g.
staff costs, new data management systems, etc.) associated with the design and
implementation of MDB water recovery programs from environmental water managers in
each of the main jurisdictions of the Basin. Delphi-based studies typically use expert
feedback to obtain a reliable group opinion in order to resolve complex problems (Landeta,
2006). These initial responses offer a baseline for ongoing research that will be used to
inform planned future research involving a larger sample of MDB water managers and
participants. Consistent with Delphi approaches, our expert interview approach will be
updated and experts’ views revisited to improve their accuracy and precision as part of a

longitudinal study.

3.1 Expert interviews and analysis

For expert interviews, we identified 12 expert environmental water managers associated
with the MDB. These managers were drawn from a set of organisations spanning federal and
state authorities and so associated with different levels of governance. The selection also
ensured that the participants captured multiple management levels (junior and senior staff) in
terms of their administrative roles. A direct approach was made to each expert, resulting in
seven interviews. Of these, one incomplete interview response had to be discarded. However,
useable responses were received from each state as well as from managers involved in federal
and local environmental watering programs, providing coverage of relevant perspectives. The
expert interview data was combined and qualitative comments and these responses were used

to clarify drivers of opinions and issues associated with cost-estimates.



Experts provided their opinions through an electronic survey instrument. Following the

TCA framework outlined above, two cost categories formed a basis for the instrument:

1. Transition costs reflect any new or modified institutions, works and measures
required to transform existing arrangements toward the new environmental
water recovery and delivery objectives.

2. Transaction costs reflect the subsequent expenses required annually to
implement the environmental water recovery and delivery programs, both while
transition toward the new arrangements takes place and following completion of

the transition.

For each of these categories, experts were asked to indicate their opinion regarding the
likely costs associated with: water leasing/purchasing; capital infrastructure investments; and

Basin planning and management (Figure 2). These three options are detailed below.

1.1 Construction of individual A B Cc
new water Storage or Leasing/buying Capltal Planning by
delivery works (e.g. new environmental infrastructure state and basin
environmental W(')I’.kS and water investment managers
measures) 0-$100k ] ] [

Additional comments: $101k-$500K ] ] ]

Click here to enter text.

$501k-$1m ] ] L]
$1.1-$10m ] ] []
$11-$100m ] ] []
$101-$250m ] ] []
$250m-+ ] ] []
Other (please comment) L] ] ]

Fig. 2 Example expert survey question

3.2 MDB water reallocation options
Following numerous trials of programs to encourage MDB water reallocation to
environmental uses, the ‘Millennium Drought’ between 1998/99 and 2009/10 provided

significant political incentives for wider federal intervention. Intervention to reallocate water
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involved three major options: i) water purchasing/leasing through established markets; ii)
infrastructure capital investments; and iii) river basin planning and management.” These
reallocation options are not being trialled in isolation, but provide a basis for the alternative
approaches compared in our exploratory TCA approach. TC analysis provides insight into the
most effective options and the potential priorities for the next wave of water recovery which
will involve around 1000 to 1500 GL given reported water reallocation achievements to 30

September 2013 (DSEWPC, 2013).

Water purchasing/leasing

Government purchasing of water rights in the MDB has accelerated proprietary and
physical reallocation of water to environmental agents. For example, the Living Murray
(TLM) program recovered approximately 786 GL of water rights between 2003/04 and
2008/09 (MDBA, 2009).® Subsequent federal purchasing from 2008/09 to December 2012
via Restoring the Balance (RtB) tenders recovered an estimated 1,117 GL of long-term
average annual water yield. A barrier to further market purchasing has been political
reluctance to engage in additional entitlement recovery unless it is more strategic, favouring
smaller occasional market purchasing rounds instead (Australian Parliament, 2011), which
have slowed the recovery process. In the interim, it has been suggested that significant
environmental gains could be achieved from the occasional leasing of water to augment
delivery volumes (Wheeler et al., 2013). Seasonal water leasing may provide flexible water
supplies and enhanced environmental outcomes through better flow demand-supply matching

(CEWH, 2011a, Connor et al., 2013, Tisdell, 2010).

Analogously, Australian agricultural water managers commonly use formal and

informal water trades to manage risk positions within and across seasons (Connor and

Z Infrastructure expenditures are transformation costs, not transaction costs, but see Hearne 1995 (as cited in
Garrick et al 2013b). However, the costs incurred in policy development and implementations are the focus
here.

® TLM programs recovered 988 GL of entitlements in total, representing 480 GL of long-term reliability water
(MDBA, 2013). However, TLM recovered water does not contribute to meeting current Basin Plan sustainable
diversion limit (SDL) objectives.
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Kaczan, 2013). Water managers in the western U.S. (Wheeler et al., 2013, Garrick et al.,
2011) and Chile (Bauer, 2004) also tend to favour seasonal water trade over permanent
transfers, as the former involve relatively lower transaction costs. Seasonal water trade in the
MDB would allow environmental agents to dispose of surplus water stocks, as long as
sustainable objectives weren’t disadvantaged by such action. Profits from such trade could
support the purchase of seasonal water in dry periods and/or the recovery of additional water
rights for environmental benefit (Wheeler et al., 2013). It is probable that seasonal trade of
water into the market would take place after significant high-flow events when the allocation
market would be well supplied, and (relatively low) prices would reflect this (Connor et al.,

2013).

Infrastructure capital investments

Public investment in water storage and delivery infrastructure capital forms a
significant part of past and present water reallocation programs. The objective of this
investment is to improve the efficiency of: existing major storage/delivery capital works (e.g.
dam and head-work structures); on-farm capital works (e.qg. irrigation technology and
practices); and new capital works projects (e.g. improved environmental watering
arrangements) to generate water savings that can then be shared among users, including the
environment. Estimated water savings to date from capital works investments in the MDB
(214 GL) have improved progress toward the proposed Basin Plan sustainable diversion limit
(SDL) target of 2,750 GL, leaving 1,419 GL of additional water to be reallocated by 2019
(DSEWPC, 2013).> Although significantly more costly on a per/megalitre basis, the impetus
for capital works investment may stem from a political desire to boost rural employment and

economic welfare, or perceived support from irrigation groups for public subsidisation of

* The nature of the MDB system is such that flood events take time to pass through. Therefore, under a seasonal
(allocation) trade structure there would presumably be time to identify the inflow points, relevant environmental
sites to be targeted and potential sources of allocation water. Adaptive management strategies could then be
utilised to evaluate how best to apply the water and match that to a purchasing agenda.

> The final Basin Plan sustainable diversion limit will be expanded to 3,200 GL by 2024 through the
incorporation of additional funding that addresses water delivery and efficiency constraints in MDB river
systems (DSEWPC, 2012).

12



irrigation works (Loch et al., 2014). Public subsidies have often been provided to irrigators to
motivate investment in Australia (Qureshi et al., 2011, Adamson and Loch, in press).
However, private surpluses from infrastructure investment (i.e. economic rents) may result if
irrigator financial contributions and full-cost recovery pricing are not factored into the
program (Cooper and Crase, 2013), or where reliability of supply and water entitlement
market value increases are generated from environmental buyers paying inflated prices (Cox

and Warner, 2009).

A particular concern associated with this approach to water recovery is lock-in costs.
For example, spatial changes in rainfall or run-off patterns may also reduce the cost-
effectiveness and efficiency of these projects. Further, such locked-in capital investments
may be difficult to correct if the proposed/assumed environmental benefits fail to eventuate
where technical efficiency or loss (e.g. seepage or evaporation) reduction expectations are not
met (Quiggin, 2006). They may also reinforce the vested interests of irrigation communities
who will resist necessary structural adjustments as agricultural productivity and water
availability change. We expected expert interviews to reflect some of these issues, but not to
take them into account when offering cost-level estimates given the mix of existing capital
works upgrades/new capital works projects under consideration in the pursuit of

environmental water recovery and management objectives.

Basin planning and management

Scale and scope issues associated with MDB environmental sites, diverse ecosystems
and environmental outcome provision require multilateral (complex) exchanges, suggesting
that central (federal government) management of MDB environmental water assets may not
provide effective or cost-efficient sustainable outcomes from reallocation (Young, 2010).
River planning and management arrangements arising from state legislation (e.g. the
Victorian Water Act 1989) address some of these issues through rules-based arrangements to

identify, deliver, monitor and enforce key environmental flows. However, it is often difficult
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to determine whether state rule-based arrangements are meeting national objectives (NWC,
2011a). Further, given the mix of regulatory, operational and commercial roles undertaken,
there is potential for conflicts of interest among state and federal institutions, between the

states themselves, and across intrastate institutions (Van Bueren, 2012).°

As a consequence of these arrangements, various state and catchment management
authorities (CMAS) have been created to deliver water planning and management
requirements. Devolution of environmental management between federal, state and CMA
agents might provide low-cost access to environmental site information with time and place
advantages, reducing delivery of environmental outcomes to less complex and costly
exchanges (Garrick et al., 2012). In addition, innovative approaches to land and water
management at local levels could deliver greater environmental benefits from held water
entitlements (Young, 2010). As part of an integrated approach to effective water reallocation,
an expansion of existing river basin planning arrangements toward more effective river basin
management could provide significant environmental benefits across local, regional and

national scales.

Our analysis of the interview data from this institutional context considers the relative
magnitude of the transition/transaction costs from the expert opinions gathered. It also
analyses whether the reallocation options outlined above constitute: (cost) effective
institutions; strategic investments in institutional transition cost; and institutional lock-in cost

minimisation approaches. Results are discussed in the next section.

4.  Results and Discussion
The contribution of the comparative analysis drawn from the interview responses lies in

identifying the likely relative magnitudes of transition and transaction costs across the three

® An example might be the risk of institutional capture, where collusion between parties could lead to the release
of water to benefit specific interests ahead of optimal environmental or social gains.

14



MDB reallocation options. As discussed previously, a full policy comparison would consider
issues of incidence across stakeholders (e.g. Loch et al., 2012), as well as consideration of a
full range of transformation costs and benefits. Instead, we hold the level of benefits constant

and explore the costs incurred to achieve incremental recovery efforts in the MDB.

The summary of the interview responses presented in Figure 3 (transition costs) and
Figure 4 (transaction costs) offer a useful illustration of our experts’ views on the relative
cost magnitudes of the programs identified in the survey. Our discussion of these results
begins with consideration of the transition costs results then considers those relating to those

costs categorised as transactions costs.

4.1 Transition cost results

Expert opinion about the relative magnitude of the different transition cost revealed that
water purchasing/leasing requires relatively lower levels of expenditure, with successively
higher costs being associated with basin management/planning and then capital investment
program alternatives. However, when grouped by absolute level of cost, expert estimates of
costs display a similar distribution across the three options (i.e. leasing, planning and capital).

Comments received in association with the survey help to explain some of these views.

An important insight from the interview comments is that the experts find it difficult to
separate costs across the different options. This reflects that they rightly view the options as
interconnected approaches, rather than as mutually exclusive alternatives. Capital works
greater than AUDZ100,000 were identified by one expert as constituting major projects for
government departments, with budgets and timeframes spanning several years dependent on
their scale and scope. Concerns about the accuracy of estimated water savings, externalities
from increased works, and expensive reforms to rights over the longer-term could also drive

costs higher.
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Fig. 3 Transition cost comparison across expert opinion responses

Larger transition costs might also result from efforts to identify and assess suitable
capital project sites on the basis of potential savings and feasibility of implementation under
diverse MDB contexts and over time. Similarly, the large (AUD11 to 100 million) transition
cost reported for water markets reflects current water purchasing conducted to meet complex

MDB desalination agreement requirements over a number of years.
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Agricultural water user participation in seasonal trade can approximately double in
some MDB trade areas during dry periods (Wheeler et al., 2009). Where this occurs,
moderate transaction costs may be incurred over time though investments to assist trade
registries and water accounting systems to cope with added government intervention.
Illustrating this issue, license, registry and trade rule adjustments were typically reported by
our experts as requiring substantial investments where existing systems are altered to
accommodate current and future environmental watering objectives. While the environmental
water holder would simply become a new/existing user (like any other) in the licensing and
registry system, the trade of environmental water was identified as potentially driving higher
transition costs in the future. This is particularly the case if a national system were to be put
in place. Additionally, if a new system was instigated, planning transition costs were viewed
as easily shifting into higher expenditure categories than reported here. Finally, as a relatively
new requirement of the water reform process, water accounting requirements were identified
by some experts as a major driver of current transition costs in the AUD500,000 to 10 million
cost categories. A substantial proportion of these costs are associated with additional staffing

requirements and development of new administrative procedures.

4.2 Transaction cost results

Our interview results suggest that transaction costs associated with the water market
and capital works options are viewed by our sample of experts as being of relatively low
magnitude (Figure 3). However, planning and management arrangements are expected to
require higher levels of investment. As many of the cost areas in this category revolve around
planning, administration, monitoring and review, this outcome is consistent with prior

expectations.
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Legend:  Market options;  Capital options;  Planning options

Fig. 4 Transaction cost comparison across expert opinion responses
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Most of the planning transaction costs were viewed by the experts as being associated
with the trade of environmental water, particularly at the state government level. However, as
a lot of these trade costs were yet to be experienced by some of the expert managers, they
found it difficult to gauge the likely magnitude of these types of costs. Buyer/seller
identification and transaction review costs were largely seen as having required relatively

minor levels of expenditure by state governments to date.

Identification and review costs were also perceived to require relatively low levels of
cost compared to water market and capital works program alternatives, possibly with a

general expectation of diminishing costs over their expected timeframe to 2024.

Administrative review and monitoring costs might increase where oversight
requirements justifying the social value of seasonal trade activity and additional expenditure
on water use accounting were driven by an increased volume of water trade between different
user groups. It may also be necessary to provide moderately costly support and administrative
review arrangements for multi-level-programs: i) during initial contracting and water
exchange arrangements; ii) during environmental watering events; and iii) following program
implementation to administer incentives to identify innovative and/or flexible management
options that benefit future water supply increases, or create incentive-compatible
mechanisms. These may result in moderate levels of future static transaction costs, given the

expenditure already enacted via the lock-in costs of MDB reforms to date.

Rights diligence costs such as the fees and charges associated with water ownership and
use by environmental managers were viewed by our experts as having relatively low levels of
cost, reflecting the degree of outsourcing involved. Increased requirements on due diligence
may add to the static costs related to expected volumes of environmental water trade,
particularly where matching seasonal trade activity to ecological outcomes is an important
criterion (Australian Parliament, 2011). Federal funding for the administration of these costs

via a special account was cited by one expert at AUD25.5 million for 2013-14, with growth
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estimated in line with growth in the projected level of the environmental water portfolio.
Future cost increases were also viewed by one manager as potentially being met through
increased environmental water trade (selling) activity. Conversely, one expert tipped that
planning rights diligence transaction costs might actually diminish over time as processes
became increasingly automated. Water saving due diligence requirements from the capital
works investments undertaken—and likely underestimates of actual project costs (ACIL
Tasman, 2008)—might be expected to drive experts relatively higher evaluations for static

transaction costs in the capital works option.

Reported transaction costs associated with new accounting/monitoring standard
requirements were of similar significance for all three environmental water options.
Expenditures in these areas were reported as largely being inadequate at state levels to date,
with department staffing and work across state and basin water managers being likely to
impose—in some cases relatively large—costs. Compliance and enforcement costs were
viewed as an essential component of better managed and organised environmental watering
systems. Federal costs were estimated at AUD20 million over five years, including some
capital costs in database establishment and development. Again however, a lot of the cost
burden was also seen to rest with state departments and water managers being required to
monitor and report compliance on specific environmental assets within their boundaries (e.g.
Living Murray icon sites or specific wetland areas of international Ramsar significance). The
threat of potentially breaching international (e.g. Ramsar) agreements was viewed as
involving particularly high transaction costs, requiring not simply financial but also political

goodwill and capital to resolve.

Increased lease trade could heighten future state tensions (e.g. premature MDB seasonal
interstate trade cessation in recent years due to expanded carry-over transfers (NWC,
2011b)), requiring unexpected dispute resolution investments. However, dispute costs were
typically viewed as having limited relevance to the water marketing option and higher
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relevance with the water planning and management option. Finally, one expert raised the
issue of water delivery transaction costs, and where these might feature in the framework.
These annual costs were viewed as substantial (i.e. AUD500,000 to 1 million) in their
context, and included a significant planning component. We took the view that these should

be treated as a capital works option cost and allocated them accordingly.

4.3 Adaptive efficiency considerations

Part of the value in using the TCA framework applied above to develop an exploratory
interviews of expert managers on transition/transaction costs comes from the subsequent
identification of relative cost differences between water reallocation options. That noted
additional value is derived from consideration of adaptive efficiency issues surrounding the
three reallocation options identified in the survey.

For instance, lock-in risks associated with the water markets option are considered to be
relatively low. This is due to the opportunity to adjust ineffective decisions through further
market transactions. Additionally, should future changes to environmental flow provision
occur through policy and/or climate change, these requirements could also be accommodated
through further (relatively) low cost transactions. Conversely, lock-in risk associated with
basin planning and management arrangements arises from the possibility of inter-agency
competition through rent-seeking or political point-scoring motives. The potential for lock-in
risk has been identified above in the context of basin planning and the use of infrastructure
investment to deliver environmental outcomes. However, there is also potential for agencies
to use river management information (or its absence), inconsistencies in water rights or use
rules, or conflict between stakeholder groups, as a platform to confuse and confound water

management outcomes. In the absence of appropriate arrangements to limit principal/agent
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problems, moderate transaction costs may be incurred to address required deficiencies in
management procedures.

Finally, uncertain water saving estimates from infrastructure works, being conditional
on the available science, may significantly impact achievement of water reallocation toward
sustainable diversion limit (SDL) targets over time. Additionally, it may be argued that
infrastructure investment is at odds with the tenets of adaptive management (see Crase
(2012)). Notwithstanding this, the National Water Commission argues that adaptive
infrastructure approaches may be possible where investments are delayed until the last
possible moment, phased-in over time, and/or provide response-time-reduction (readiness)
advantages (NWC, 2012). However, where expected recovery targets are not met, the
relatively inflexible (and lock-in) characteristics associated with capital works projects will
increase compliance costs over time. As a consequence, any necessary future adaptations or

replacement of infrastructure will be likely to require significantly higher outlays.

We suggest that water market trade alternatives constitute a no-regrets option, in light
of adaptive strategy objectives in the MDB plan, given their low lock-in risk if future
adaptation is required. In contrast, capital works investment may require relatively moderate
to high levels of transition/transaction costs, putting infrastructure-based approaches at the

opposite end of the spectrum to market arrangements, given their higher lock-in risk.

5. Discussion

Analysing the three MDB reallocation policy options via an application of the TCA
framework allows several important inferences to be drawn. First, the TCA framework
demonstrates potential as a tool for comparing water reallocation strategies where integrated
and path-dependent themes offer constraints. Second, in conjunction with data sourced from
interviews with experts, the TCA framework can aid in identifying and mapping the relative

magnitude of transaction (including transition) costs associated with each option. Third, TCA
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may be used to highlight potential contradictions between the reallocation options selected

and more economically efficient and adaptable choices.

In the MDB, water market reallocation options have been identified as generally
providing relatively lower cost alternatives where transition and transaction costs are
considered. This is also the case when evaluated on the basis of an adaptive efficiency choice
criterion. Although dependent on market supply and demand parameters, progress toward
environmental outcomes via water markets could potentially provide large reductions in
future transaction costs from better site specificity between source and use locations. This is
particularly where multi-level river basin planning and management is adopted in the MDB.
Additional transaction benefits from reduced government intervention in water rights markets
(i.e. diminished agricultural user adjustment requirements) together with the trade of water
back to agricultural uses when not required for the environment (i.e. diminished disruption to
economic output in regional areas) potentially increase expected welfare gains from this

intervention approach.

Importantly, and as identified in the comments of our survey respondents, there are
interdependencies between water market and basin planning and management options.
Further, as managers they perceived water acquisition and capital works modification or
construction as being largely separate expense arrangements, where the costs had already
been absorbed by other programs and government departments. While it is possible that
deferred static transaction (and institutional transition) costs could increase under the scenario
of greater government water trade in both rights and lease markets (Tisdell, 2010), early
research suggests that this impact could be minor (Connor et al., 2013). Thus, it is likely that
greater transaction cost reductions could come through refinements to the reallocation of
property rights between agricultural and environmental uses. This will result from an
improved understanding of market procedures and delivery system constraints, allowing
water resources to be placed where they can achieve site-optimised outcomes. Therefore, as
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both agricultural and environmental water management institutions gain experience and
engage in collective action we may also expect reduced transaction costs from institutional

stability over time (e.g. the learning by doing effect).

Progress toward policy reform objectives would also be advantaged by effective and
efficient delivery of water to environmental sites, together with the elimination of federal
prioritisation of watering applications. Over time geographically proximate government water
planning and management agents could help determine how to best use allocated water,
relative to their incentive structures. Within each agency there would also be significant
knowledge gains from learning-by-doing, which would provide an opportunity to incorporate
further efficiency improvements over time and reduce ongoing transaction costs.
Additionally, potential infrastructure project reallocation option cost augmentation from
strategic behaviour and rent-seeking among basin stakeholders could be mitigated by greater
requirements for private financial contributions or commitments before project
commencement. Each of these outcomes may result in reduced longitudinal transaction costs

across MDB water reallocation options.

6.  Conclusions

Requirements for water reallocation within river basins that span different national or
governance jurisdictions are common globally. However, evaluation frameworks to assist
with this process are not. For MDB water reallocation the identification and evaluation of
adaptively efficient intervention options is valuable given its political and social contexts.
Significant policy and institutional shifts over the last five to ten years suggest unexpected
turns in future MDB water reform, involving difficult choices between (or across) complex
interrelated alternatives. Therefore, appropriate frameworks to compare and/or evaluate

institutional water reallocation approaches need to be identified.
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TCA is an economic approach that arguably has had too little impact on the
contemporary water reallocation debate. Until the late 1990s many governments displayed
policy preferences for market-based and other economic instruments (e.g. benefit-cost
analysis, privatisation, public-private partnerships) to solve water reallocation issues,
including environmental management systems. Political economy dimensions may account
for current MDB reallocation policy preferences toward high lock-in transition/transaction
cost and adaptation risk options such as infrastructure capital works investment, relative to
water rights purchasing by the Australian government. Long-term funding requirements of
market-based options to recover water rights can reduce environmental risk probabilities with
relatively limited lock-in costs and immediate (albeit varying) environmental flow benefits.
However, sectoral pressure from agricultural (environmental) water user groups to reduce
(increase) market intervention, together with continuing uncertainty surrounding final SDL

targets, serve to increase short-term political pressure.

Conversely, capital investments in water storage/delivery infrastructure and on-farm
use efficiency increase agricultural water users’ capacity to improve farm viability and
sustainability, improve rural adjustment by creating regional job opportunities, and therefore
may reduce short-term political risk. However, significant uncertainties associated with future
efficiency outcomes, together with higher magnitude transaction costs and adaptive risk from
the uncertainty related to those locked-in capital investments, serve to elevate the probability
of environmental risk. When estimated climate change impacts of reductions in MDB runoff
and shifts in rainfall distributions are factored into the equation the marginal efficiency and
effectiveness of a MDB capital investment intervention policy diminishes. Yet the long-term
effects of climate change constitute another low-probability political risk factor, potentially

negating its impact on present policy choices.

To illustrate the potential application of TCA, we have employed a Delphi-style
approach in seeking the opinion of expert environmental water managers in the MDB. Our
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intent has been to capture a preliminary set of data on the relative magnitude of
transition/transaction costs associated with three major water reallocation options.
Differences in the perceived costs based on our expert survey responses provide interesting
insight into the potential cost differences between each approach, as well as useful feedback
on their drivers. Although at an early stage of development, this application of the
TCA/Delphi approach highlights several important issues for MDB interventions, as well as
guidance for future intended research. The findings suggest considerable scope to help
federal, state and catchment agencies evaluate and meet water reallocation objectives where
transfers between agricultural and environmental users are required. TCA also provides
increased scope to assess program realisation against social, economic and environmental
requirements. Importantly, the TCA framework allows evaluation of longitudinal issues
associated with some of these intervention approaches and, if required, identification of the

likely magnitude of adaptive risks associated with future changes.

An important insight for MDB water managers is the perception by our surveyed
experts of the interrelatedness of all three of the approaches discussed. Thus, implementation
of multiple approaches may provide more effective water reallocation outcomes than the
implementation of one strategy in isolation. For nations and regions that have not yet begun
to work on these issues—or those not too far advanced—this paper provides an example of
the application of the TCA framework in evaluating institutional program design. It also
highlights the importance of TCA in developing flexible and adaptive institutions throughout

the life of any water reform process.
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