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Abstract: Abatement costs (ACs) and transaction costs (TCs) are involved in motivating
and implementing changes in public and private policies and programs. For example,
Coase is best known for his work on transaction costs, clearly stating that they matter. Both
individual private and institutional public transaction costs are invested with abatement
(production) costs to generate change through policy, program interventions, or incen-
tives (e.g., regulations that minimise or compensate those affected by smoke generated
by neighbours). This compensation suggests some potential benefit to offset the losses
caused by the negative event—funded, administered, monitored, and possibly updated via
abatement and transaction costs. Yet, approaches to identifying, collecting data, measuring,
and describing abatement and transaction benefits remain missing from prior research. In
fact, abatement or transaction benefits are almost unheard of. Because of this, the standard
benefit–cost analysis commonly used to economically evaluate and assess private and
public investments does not feature in abatement or transaction cost research, limiting
assessment and monitoring targets toward a better understanding of more efficient future
policy gains. As the demand and expectations for benefit–cost analysis grow in future to
become more comprehensive and complex, finding ways to accommodate such analysis
and test that approach is increasingly important globally. We describe such an attempt
using a water management case study from northern Spain to show that not only is it
possible to measure and report on coupled abatement and transaction benefits but that prior
theoretical interpretations may also be further explained and understood, providing private
and public investment choices and water resource management narrative advantages.

Keywords: abatement costs; transaction costs; program benefits; cost–benefit analysis

1. Introduction
Water overconsumption, pollution, and unchecked global warming are draining

freshwater bodies and threatening the development, health, resilience, and prosperity of
people and the planet alike [1]. Transformational change in the agriculture sector as a large
yet least productive water user [2] is required to shift water resource allocation and use
onto sustainable pathways such as increased and improved environmental flows. The
success of that transformation choice can be measured by the costs and benefits of that
policy, where economics can justify expenditure by explaining the patterns of public policy
intervention benefits and costs consistent with Public Interest Theory [3].
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Economists use policy costs and benefits to evaluate private and public welfare
changes, rank/modify proposed policies to identify/select superior options, and calculate
the magnitude/direction (patterns) of policy investments over time. A variety of techniques
(e.g., contingent valuation, production function, hedonic pricing, and benefit transfer) can
be employed to assign monetary values to the benefits and abatement costs (e.g., policy
costs borne by economic agents, including opportunity costs, such as the construction and
operation of infrastructures, caps, or charges [4]) of capital infrastructure investment and
policy interventions, including non-market values, leveraging the theory of Total Economic
Value [5]. Yet, transaction costs associated with the enactment, administration, monitoring,
redesign, and possible lock-in of policies [6] have proven more challenging to quantify
and incorporate into economic assessments of policy design [7]. Consequently, much of
the last two decades have been spent improving transaction cost definitions, developing
methods for their quantification, and understanding their impact on environmental policy.
This has included the interaction between abatement and transaction costs (e.g., [8–10]),
the relevance of transaction costs on improved environmental outcomes (e.g., [11–13]), and
whether transaction cost magnitude and direction (i.e., patterns) over time signal environ-
mental policy adaptive efficiency (e.g., [14,15]). This is why Marshall [16], amongst others,
stresses the requirement to account for both AC and TC in any assessment or measurement
of environmental policy.

However, despite this recommendation, a framework enabling the combination of AC
and TC for environmental policy evaluation remains absent. Further, environmental policy
evaluation using transaction costs has not been as prolific despite McCann and Easter [8]
recommending the inclusion of abatement and transaction costs into benefit–cost analysis
(BCA) to evaluate environmental policies. An exception is Pannell et al. [17] who provide a
framework aimed at calculating the ex ante benefit–cost ratios (BCR) for selecting between
policy alternatives via the quantification or assessment of transaction costs. This is an
innovation in the literature that, to date, has not been much advanced and leaves many
questions unanswered:

• First, while ex ante evaluation perspectives may be common for environmental policy,
what if the context involves ex post or in situ (i.e., between policy iterations) scenarios?
How might this alter future policy investment choices?

• Second, should policy evaluation, whatever the context, be based solely on a BCR
value alone as per techno-economic assessments or, as is more common in traditional
BCA, should the other evaluation tests (i.e., net present value [NPV] and internal rate
of return [IRR]) also be calculated and reviewed?

• Third, if decision-making by policy target groups (e.g., farmers) changes ex post, how
can we incorporate that into policy evaluation under renewed abatement/transaction
costs to inform future investment choices if our (current) focus is largely ex ante?

• Finally, ex ante perspectives may prevent the inclusion of lock-in costs in the analyses
that are important from a policy-effectiveness perspective [17]. The analysis of lock-in
costs is possible using adaptive efficiency metrics [14] but only ex post. So, does
ex ante dual (i.e., benefit-maximising) optimisation via transaction cost synthesis
(i.e., higher, lower, or stable transaction cost scenarios) offer useful or informative
alternative evaluation criteria to the current primal (cost-minimisation) emphasis?

These questions are important for advancing transaction cost literature back to the
more familiar arena of economic evaluation analysis. Our framework is also important
within a context where transaction costs continue to be poorly understood by government
agencies and their staff, such that ignorance of these costs and their relevance continues
to confound economic evaluations of government investments (e.g., [18]). The obfusca-
tion of transaction costs and their impact on environmental policy may enable politicians
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and government staff to avoid accountability with respect to social welfare maximisation,
instead preferencing poor governance structures/weakened institutions. Finally, any reluc-
tance/incapacity to account for lock-in costs risks policies that limit adaptive capacity over
time could raise future total economic costs by reducing effectiveness and adaptive effi-
ciency. The objective of this paper is (i) to suggest an extension based on Pannell et al.’s [17]
environmental policy evaluation framework, which enables alternative contexts/tests; and
(ii) to evaluate the usefulness of that framework to answer the questions above via an
example case of an environmental policy aimed at increased ecological water flows in the
Douro River Basin, Spain.

2. Case Study Background: The Douro River Basin (DRB), Spain
The environmental policy objective of interest to the paper is improved ecosystem

flows. In Europe, the Water Framework Directive (WFD) commits Member States to actions
that improve the ecological status of water bodies [19]. River Basin Authorities (RBAs)
must deliver a river basin plan detailing the necessary measures to achieve minimum
environmental flows. Further, the WFD requires economic analyses (e.g., cost-effectiveness)
to evaluate policies following the Common Implementation Strategy (CIS) [20], including
cost-effectiveness based on defined categories and indicators of costs (e.g., abatement costs)
and effectiveness (e.g., environmental flows). Yet, institutional transaction costs are ignored.
This is concerning when one considers that all EU river basin plans undergo a renewed
cycle of planning every six years where design, enactment, administration, and monitoring
costs will be invested, which are unaccounted for in any economic evaluation. Finally, the
benefits of the policy at the basin level are not mentioned because the focus is typically
placed on cost-effectiveness.

Our study focuses on the Douro River Basin in Spain or DRB (Figure 1). The Span-
ish Douro River Basin comprises an area of 97,290 km2, which roughly matches the area
occupied by the Spanish region (NUTS2 (The Nomenclature des Unités Territoriales Statis-
tiques (NUTS) is a hierarchical system for dividing up the economic territory of the EU
(Eurostat, 2020). In Spain, NUTS2 refers to regions of Castile and León—the largest region
in Spain and the second largest in Europe (after the region of Upper Norrland in Swedish
Lapland with 3.4 inhabitants/km2). Traditionally regarded as a water-abundant area since
the 1980s, the average annual water supply has decreased to 14,166 million m3 (−10.3%)
while demand has increased to 4330 million m3 (+34.1%), leading to increasingly frequent
and intense droughts [21]. In the Douro River Basin, agricultural activities account for
approximately 93% of total water withdrawals, with most of the irrigation demands met by
surface water sources, primarily rivers and reservoirs. In terms of ecological status, 29% of
the 708 classified surface water bodies currently achieve the “good” status required under
the Water Framework Directive (WFD), with approximately 70% remaining in moderate
or poor condition [22]. Among the 64 identified groundwater bodies, around 30% fail to
meet WFD standards, primarily due to nitrate contamination associated with agricultural
practices and, to a lesser extent, overextraction pressures [22].

In response, the Douro RBA has adopted stringent environmental standards to rein-
force WFD objectives and abatement measures spanning water policy and infrastructure
works (i.e., new dams and canals) through to water reallocation incentives (i.e., cost recovery
charges and limits to further extraction) [22]. Water charges are based on an annuity pay-
ment charged to all economic users [23,24]. Thus, while the environment is also expected
to bear some of the policy costs, a majority of economic and hydroeconomic assessments of
drought adaptation policies in the Douro River Basin focus on irrigated agriculture. Irri-
gated agriculture in the DRBA comprises 150 Agricultural Water Demand Units (AWDUs),
which are groups of local farmers sharing a common water source [22]. The Douro River



Water 2025, 17, 1427 4 of 17

Basin is conducting a performance evaluation of its management plan for 2021–2027 [22],
which offers an opportunity to apply our framework where historic/expected policy bene-
fits can be quantified, and an assessment of total costs is also possible.
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To achieve this, we use a socio-hydrology-inspired protocol-based modular framework
(see [25] for details) specifically designed for analysing and exploring questions such as
these to estimate the environmental impacts of improved environmental water reallocations
(i.e., policy benefits B) relevant to AC. In the more recent Pérez-Blanco et al. [26] study, AC
and TC were measured and reported but benefits were not measured/compared. There
is added value in that comparison, so we attempt it here. ACs are rarely measured in
policy design, with the focus typically on implementation costs (e.g., the cost of building
infrastructure) but not how or if those ACs achieve target X, which in turn translates into
lower or higher income. This explains why large-scale infrastructure projects often fail [27].
Consequently, we quantify and monetise a full set of ACs, TCs, and net social-benefits
(NSBs) to build a longitudinal dataset to evaluate adaptive efficiencies (i.e., policy capacity
to adapt to unpredictable future events) and to create an actionable framework beyond the
innovations of Marshall/Pannell to observe if Garrick’s [14] predictions hold. To ensure
brevity and maintain focus on the proposed framework and case study, we deliberately
omit significant detail on the modelling, which is described exhaustively elsewhere (see for
example [26,28–30]). The BCA framework is detailed below.

3. The Proposed BCA Framework
As stated, an objective of economics is to explain patterns of government investment.

The abatement and transaction budgets associated with these investments (i.e., costs)
should ideally maximise social welfare (i.e., benefits). However, obscurity associated with
political and regulatory institutions often confounds our measurement and understanding
of policy costs/benefits [3]. In response, a simple analytical framework may add value.
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Consider the objective of any set of beneficial potential environmental policies (BP)
that could deliver, for example, social benefits (b). Ideally, the newly created or recently
revised policy solution will maximise the total quantity (q) of realised social benefits (b),
such that the social benefits of the environmental policy (PV) are at least equal to the policy
outcomes. As noted above and characterised in the literature (e.g., [6]), a vector (complex
set) of costs (M) would be required to design and implement the policy content and context,
establish positive/negative abatement incentives to drive changed behaviour or resource
reallocation, administer the policy structure and delivery, monitor and assess progress
towards those changes, and (potentially) redirect/redesign the policy at some future stage:

M = AC + TC (1)

where AC = +/− abatement costs aimed at transforming behaviour, and TC = transaction
costs aimed at institutional or organisation design and development. Following this, the
net social benefits (NSBs) of any single policy solution would be defined as:

NSB = BP − M. (2)

It follows that, for any policy choice within a set of solutions, one assessment criterion
(of many possible) is provided: if NSB ≥ 0, the selection of a policy and its progression to
the design, implementation, use of abatement (production) costs, future monitoring, and
possible redirection can be economically justified. If the social values (PV) are challenging
to quantify, we could utilise a cost-effectiveness/cost-efficiency evaluation criteria on the
broader basis of NSB/M. However, with respect to the literature above, if AC and/or TC
are excluded from M, then the total costs of the policy will be understated and the total
benefits overstated.

To address this gap, our framework is aimed at extending Pannell et al.’s [17] work
to incorporate AC and TC measures and allow for (i) ex post analysis of environmental
policy; (ii) tests and critiques of adaptive efficiency hypotheses via time series data analy-
sis; (iii) extended analytical scope beyond single policy evaluations to multiple policies;
(iv) additional constrained welfare optimisation assessments [31] of environmental policy
incorporating AC/TC values; (v) calculation of the full set of BCA decision-making rules
(i.e., an NPV that assesses the net present value of the investment in today’s dollars, a
BCR or benefit–cost ratio that if greater than one suggests a motive to invest, and an IRR
or internal rate of return that equals the discount rate at which the NPV = 0 or BCR = 1),
thereby providing superior assessment and selection criteria [32]; and (vi) the illustration
of any risk/uncertainty associated with the benefits/costs of policy transformations to be
explored via (for example) scenarios concerning climate change within the BCA approach
(see [33]). A complexity of our analysis arises from an ex post comparison of policy reform
that has been adopted (and led to significant TC) but whose implementation remains in
situ (i.e., additional ACs lie in the future), which has a feedback effect on final TCs (i.e.,
redirection costs) that may be estimated with slightly more precision given historical data.
In the following sections, we apply the framework to a particular case to evidence our
claims of superior evaluation outcomes.

4. Methods
A central concept of this paper is the complexity involved when combining AC and

TC metrics to then compare against NSB. As the WFD environmental policy in question
is ex post by nature and evolving in situ under the six-year WFD review process, most
TCs lie in the past [26]. However, under the feedback process between TC and AC, there is
considerable future uncertainty surrounding future policy investments (i.e., out to 2027).
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We examine past behaviour and elicit a utility function for previous ACs to model future
behaviour in the river basin plan, which may not be implemented or could change going
forward. So, how can we achieve this?

4.1. Model Scenarios

Using the model developed by Pérez-Blanco et al. [26], we explore alternative future
policy pathways adopted by the Douro RBA draft management plan [22] that reflect
possible path dependencies via adopted infrastructure or soft policies. For example, dam
construction can be assumed to be irreversible in the basin plan pathways and provide
some measure of technological lock-in costs. We developed eight scenarios representing
varying levels of policy interventions and climate change projections to assess the impact
of water reallocation policies on environmental and economic outcomes. Each scenario
set included a counterfactual or Business-as-Usual (BAU) case for comparative analysis
with combinations of storage and distribution infrastructure, irrigation systems, and soft
policies like caps and charges. These scenarios were then altered to include a future with
climate change (Table 1, from Perez-Blanco et al. [26]).

Table 1. Simulation scenarios.

Scenario Storage and
Distribution

Irrigation
Infrastructure Soft Policies Climate Change Brief Description

S_00 Business as usual
(BAU) BAU BAU Not considered Counterfactual for

S_01, S_02, and S_03

S_01 Maximum
development

Irrigation
modernisation
and expansion

Caps and
charges Not considered

Maximum
development of water

works

S_02 Maximum
development BAU Caps and

charges Not considered

Assesses the
performance of new

storage and distribution
infrastructures with the

agricultural water
demand of the

counterfactual (S_00)

S_03 Maximum
development

Irrigation
modernisation

Caps and
charges Not considered

Assesses the
performance of

irrigation
modernisation when

irrigated land is capped
(v. S_01)

S_00cc BAU BAU BAU
RCP 4.5 (11%

discharge
reduction)

Counterfactual for
S_01cc, S_02cc, and

S_03cc

S_01cc Maximum
development

Irrigation
modernisation
and expansion

Caps and
charges

RCP 4.5 (11%
discharge
reduction)

Adds climate change to
S_01

S_02cc Maximum
development BAU Caps and

charges

RCP 4.5 (11%
discharge
reduction)

Adds climate change to
S_02

S_03cc Maximum
development

Irrigation
modernisation

Caps and
charges

RCP 4.5 (11%
discharge
reduction)

Adds climate change to
S_03
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4.2. Abatement Costs

These scenarios were then incorporated into hydroeconomic model simulations over a
38-year hydrological series (i.e., 1980–2018, the period used for policy assessments in Spain
under the current planning cycle) to evaluate (i) any environmental effectiveness measured
through compliance with minimum environmental flows across the basin and (ii) economic
outcomes evaluated as changes in agricultural profit, employment, and Gross Value Added
(GVA) at the AWDU level—leading to abatement costs. More specifically, abatement costs
were measured via a coupling of (i) a microeconomic Positive Multi-Attribute Mathematical
Programming (PMAMP) that elicits irrigators’ preference behaviour and simulates their
adaptive responses [34] to (ii) the hydrological model AQUATOOL, which is a Decision
Support System (DSS) used by the Spanish RBA to inform decision-making at a basin
level [35]. The PMAMP model assesses irrigators’ responses to water availability con-
straints or other shocks, notably the charges for recovering the costs of new infrastructure
and provides information on effective water use of relevance for AQUATOOL. Importantly,
water charges are obtained from the investment costs of the projected infrastructure in the
river basin plan [36], available on demand. The integration of investments, or transfor-
mation costs [6], as user charges in abatement costs simulations means that they should
not be added again to the total costs to avoid double counting. Conversely, AQUATOOL
provides information about the impacts of environmental shocks and (re)allocation rules
(e.g., droughts, environmental flows) on water availability for irrigation, which reinforms
the PMAMP model. These iterative feedback loops between the two models enable the
simulation of the dynamic co-evolution of human–water systems [25] and how abate-
ment costs may be impacted over time through changes in GVA. Therefore, to estimate
the abatement costs of the policy over time, we used longitudinal data from the coupled
PMAMP-AQUATOOL on the date and quantity of GVA over the 37 years, aggregated it
across AWDUs, and discounted them. By comparing the aggregate and discounted GVA in
each policy scenario versus the baseline scenario we obtain the abatement cost (assuming
the policy scenario involves costs towards reducing the number of infringements) of that
specific policy scenario.

4.3. Transaction Costs

Transaction costs associated with water reallocations in the DRB related to the EU
Water Framework Directive between 2004 and 2021 were collected through engagement
with public authorities and stakeholders. Records from public institutions provided data on
staff salaries, travel costs, fees, and costs related to studies conducted by third parties [37].
Key data were extracted from institutional databases such as [36], which documented over
3000 records of activities involving the Douro RBA. From these records, 196 entries related
to transaction costs were identified. The identified transaction costs included institutional
transition costs (e.g., studies, hydrological planning), static costs (e.g., monitoring runoff),
and lock-in costs (e.g., meetings to revise management rules). To supplement the institu-
tional records, 11 interviews were conducted with key personnel, including unit directors
and other stakeholders involved in planning and management. These interviews were
used to gather information not covered in existing records, such as the number of staff
employed or time spent on specific tasks [8,38]. This effort ultimately yielded 506 database
entries over 18 years (2004–2021). All data collected were adjusted for inflation using the
GDP deflator with reference to the prices of 2018, which served as the calibration year for
the hydroeconomic model, and discounted.
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4.4. Benefit Transfer Approach

Since monetary values for restored environmental flows in the DRB do not exist, we
turned to other study areas and their estimations to calibrate equivalent data. This is
known as the benefit transfer method, which relies on combining and integrating several
other estimates from other (similar) contexts to provide a basis for the current study by
leveraging existing valuation data from similar environmental flow models [39]. While it
also reportedly requires caution, as per the guidelines provided [39], these data are subse-
quently adapted to estimate the value of the target asset located in a different geographical
or ecological setting. The validity of this method depends on the similarity between the
study site (where data originates) and the policy site (where data are applied), as well as
the quality and availability of the original valuation studies [40].

The benefit transfer study compiled data from multiple sources to establish a compre-
hensive valuation framework, subsequently validating this information using well-defined
criteria including data consistency, accuracy, and contextual relevance to the target ecosys-
tem. The initial phase involved systematically searching for primary studies on environ-
mental flow valuation, particularly those assessing willingness to pay for maintaining
environmental flow and associated ecosystem services. We relied on the Environmental
Valuation Reference Inventory (EVRI) database, which yielded 83 studies. Subsequently, we
filtered these studies to identify those specifically relevant to the DRB by focusing on their
provision of essential ecosystem services. The filtering process identified critical ecosystem
services present in the DRB that could be affected by environmental flows across the basin,
as per the ecosystem services category provided by The Economics of Ecosystems and
Biodiversity [41], and then looked for studies where these ecosystem services were valued,
focusing on techniques that yielded annual values excluding capitalised values to avoid
uncertainty from discounting. Non-monetizable values (e.g., because they are reported in
units that could not be transferred to the study site) and studies older than 25 years (to
keep sample size tractable) were also excluded.

This filtering process resulted in the selection of nine studies from six different coun-
tries, all of which reported values in local currency per household per year. These values
were subsequently updated to 2018 EUR (calibration year of the hydroeconomic model) us-
ing the GDP deflator and the relevant exchange rate to ensure comparability across different
geographical locations and time periods. After adjusting the economic value of environ-
mental flow for the year 2018, the average economic value was calculated using the unit
value transfer method. This involved calculating the mean of the economic values derived
from the studies in the sample in EUR/household/year, thereby providing a representative
estimate of the willingness to pay for maintaining environmental flows across the different
contexts represented by the case studies—which in our case is 70.5 EUR/household/year.

4.5. Environmental Flow Benefits

Finally, the regional monetary value of environmental flows will be conditional on
the policy’s effectiveness and the population affected by that policy. To estimate the
economic value of environmental flow benefits in the DRB, we first spatially distributed the
households to portray the mean economic value per household of meeting environmental
flows that normally would differ by area (i.e., if environmental flows are infringed inside
a city, the economic impact will be larger than if they are infringed in an isolated river
where population and environmental flow benefits are smaller). To achieve the spatial
allocation of values, we overlayed three maps containing (i) georeferenced information on
urban centres and population in the Douro Basin, (ii) the 12 sub-basins of the Douro, and
(iii) the 34 monitoring stations where environmental flows are measured in AQUATOOL.
Subsequently, we transformed total population into households by dividing the former
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by the average household size in the Castile and León Region (which nearly matches the
Douro River Basin), and it was 2.5 persons [42]. The average economic value of keeping
environmental flows in a given monitoring station per year is estimated by multiplying the
mean value of 70.5 EUR/household/year by the number of households. Figure 2 illustrates
the spatial distribution of the populations impacted.
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Finally, to estimate the environmental benefits of the policy over time, we used longitu-
dinal data from AQUATOOL on the date and number of environmental flow infringements
for each monitoring station and policy scenario over the 37 years (Figure 3), aggregated
the costs of each individual infringement, discounted them, and then aggregated the costs
for all monitoring stations across each policy scenario to calculate the cost of environmen-
tal flow infringements over the entire basin. By comparing the costs of environmental
flow infringements in each policy scenario versus the baseline scenario, we obtained the
avoided costs or benefits (assuming the policy scenario succeeds in reducing the number of
infringements) of that specific policy scenario.

Subsequently, the benefits and abatement and transaction costs/benefits under each
scenario were aggregated for each year in the series to calculate the net profit (NSB). These
aggregated outcomes were then used as inputs for a standard BCA model, providing a
comprehensive evaluation of the potential economic benefits of maintaining environmental
flow under different management and climate scenarios.
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4.6. Adaptive Efficiency

Finally, the adaptive efficiency of water reallocation institutions and incentives—
defined as their capacity to adapt to and change effectively—were assessed using transac-
tion cost trajectory over time [14]. This was the process followed by Loch and Gregg [15].
Note that this assumes a cost-minimisation objective function, which may not maximise
overall beneficial policy outcomes and thus have higher social welfare.

5. Results
Like any BCA, we begin with the three main measures: Net Present Value (NPV),

Benefit–Cost Ratio (BCR), and Internal Rate of Return (IRR). For the uninitiated, if NPV = 0
the project has broken even. When NPV > 0 the project is profitable. Finally, when NPV < 0
the project is expected to make a loss. However, consistent with the IPCC [43] guidelines,
it is logical to assume that both risk and uncertainty occur when estimating the final
generated output, prices paid/received, and WUE investment costs. Thus, representing
and quantifying the negative and positive effects derived from risk or uncertainty estimates
on any single WUE investment is crucial for understanding the opportunity costs of a full
set of investment choices [33]. The other two measures of BCR and IRR provide secondary,
but equally important, signals for assessing and choosing between scenarios [44].

Table 2 contains the results for our scenarios. All have positive NPV results, with
the maximum agricultural development under both current and climate change scenarios
and irrigation modernisation under climate change being particularly significant. The
limited occurrence of IRR values largely happens because the benefits of the programs are
immediate and greater than the total costs. Thus, we focus on the NPV and BCR results,
which show that some are just positive while others (as stated) have far better benefits.

If we track these results over the timeframe, we can see the broad pattern emerging
through the scenarios, particularly with respect to Garrick’s [14] theory. According to
Garrick [14], the adaptive efficiency of water reallocation institutions—defined above
as their capacity to adapt to and change effectively—can be assessed by studying the
trajectory of costs and benefits over time. The general appearance of our DRB results is one
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of gradually diminishing results, as we might expect and hope for as public water managers
(Figure 4a). However, Garrick did not anticipate or incorporate risk from shifting discount
rates or uncertainty over longer timeframes, such as climate change—or he was using
a mean-variance approach [45]. In general, it is possible that the nature of institutional
lending or the role of distributional tails were not considered in his analysis, leading to
limits in the conceptual assessments. This is illustrated in Figure 4b.

Table 2. (a) Evaluation context set at 5% discount rate. (b) Evaluation context set at 0% discount rate.

(a)

BCA
SCENARIO S_01 S_02 S_03 S_01cc S_02cc S_03cc

NPV €564,924 €48,948,383 €84,847,867 €5,408,664 €154,218,209 €242,547,538
B/C RATIO 1.01 1.51 1.89 1.06 2.62 3.54

IRR 5% 2%

(b)

BCA
SCENARIO S_01 S_02 S_03 S_01cc S_02cc S_03cc

NPV €35,357,799 €51,777,261 €126,991,971 €7,620,568 €287,059,166 €470,467,349
B/C RATIO 0.83 1.25 1.62 0.96 2.40 3.29

IRR 5% 2%
Note: the 0% governmental discount rate is appropriate to this analysis as it is possible for their investments. That
is, the funding bodies will recognise their stable nature and credit the funds to their accounts without worry.

Each scenario seems to suggest intermittent rises over time to cope with reinvestment
needs (i.e., program redirecting) and a gradual decline in those investments as the program
continues. However, it is a bit messy, so let us separate them out by scenario (Figure 5),
where the real adaptive efficiency results become clearer. We can see that each scenario has
different outcomes, as we should expect from the Table 1 analysis, but while the standard
scenarios start with high costs to meet program establishment needs, the movement over
time is flatter, suggesting limited adaptive efficiency from those options. If we consider the
climate change scenarios, both S_02 and S_03 provide better choices with far more obvious
capacity to adapt to (uncertain) future changes and for increased user and environmental
benefit—at higher costs, of course, as shown. But as governments must be responsible for
their actions and associated costs, this analysis allows them to better justify the selections
made and argue the need for critical data related to those choices as they progress.
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Governments have limited budgets and increasing opportunity costs associated with
those budgets. If policymakers do not provide sufficient budgets to achieve the policy
objectives of water reallocation programs, while ensuring value for money over time, we
will face decreased social welfare. Our assessment of the DRB river basin plan provides
evidence for increasing objectives/effectiveness and evidence of a sufficient budget given
the link between public expenditure and outcomes.

6. Discussion and Conclusions
This paper presents the first integrated analysis of the benefits and the abatement and

transaction costs of water allocation reform. Ultimately, it suggests that we should capture
actual abatement and transaction costs/benefits, not budgeted costs alone that may (not) real-
istically reflect the investment (M), because this provides the capacity to assess who receives
the benefits of the policy (e.g., the environment) and those capturing rents to determine if it is
because of the program intervention (as shown in Figure 6). The methods for the measure-
ment of abatement and transaction costs developed in this paper are designed to be replicable
and flexible, based on standard methods available in the literature. This is critical, as many
governments and public resource management organisations appear to be either confused
or afraid of transaction costs, choosing to ignore them in the main. This research shows the
power of combined AC and TC data to both fit into familiar BCA analysis frameworks and
how this provides greater insights into welfare gains for public resource managers.

Beyond those questions, this research has provided insights not previously considered. This
includes that the true social benefits that accrue from the true social costs of policy or programs
can be determined and calibrated to avoid over-promising or over-delivering. This is good for
both politicians and national or state government organisational managers. Additionally, future
studies may be able to identify the key components of TC that allow for the maximisation of
NSB, highlighting the value of expenditure as a benefit—not solely a cost—to a program design,
implementation, administration, performance, and redesign (if needed) over time to definitively
justify whether additional TCs may add further value. Further, having a suite of BCA evaluation
metrics allows for greater clarity of the value of a program or policy aimed at environmental
gains as the BCA equations allow them to be easily adapted and altered with other approaches
(e.g., optimisation, risk and uncertainty, etc.) This is highly critical for all stakeholders and may
lead to greater utility and appreciation for the humble assessment approach.

Limitations

That is not to say that some improvements are not likely. First, uncertainty could be
quantified further, such as by considering multiple alternative models at each system level
(human and water systems) via ensembles or by exploring alternative inputs (scenarios,
forcing, or data inputs) to more thoroughly explore plausible futures to better inform
robust decision-making. Second, the microeconomic and hydrological models could be
improved by leveraging recent scientific developments. For example, the PMAMP mi-
croeconomic model used in the human module, which presently assumes that water is
applied in fixed proportions to land (i.e., irrigated crops require a predetermined amount of
water), could be expanded to allow for deficit or supplementary irrigation [46]. This makes
possible the representation and assessment of adaptation responses at the intensive margin
(deficit/supplementary irrigation), beyond the extensive (shift to less water-intensive crops)
and super-extensive (shift to rainfed crops) margin adaptations studied in conventional
microeconomic models. Third, additional systems could be endogenously modelled, in-
cluding through the inclusion of a macroeconomic model that provides information on
the consequences of water reallocation on commodity prices and how this, in turn, affects
irrigators’ behaviour. Fourth, while we recognise that we can quantify the sum of abate-
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ment and transaction cost benefits, we cannot determine the estimated benefit from the
transaction costs alone as a percentage of total benefits (i.e., we cannot distinguish between
the two categories). Thus, we can talk about the total benefits from the investment but not
abatement versus transaction costs separately. To address these, our longitudinal transac-
tion costs database could be expanded with new data gathered over the incoming planning
cycle (2021–2027) to obtain more conclusive results on the direction and magnitude of
transaction costs in the future. This will all be a focus for future planned research.
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7. Conclusions
Here we have collected, analysed, and assessed the appropriate set of ACs and TCs

associated with identifying and restoring public environmental flows in the Douro Basin of
Spain and the funds required over time to purchase and monitor them. But more than that,
we have, for the first time, collected, evaluated, and reported the full set of costs and benefits
that arise from those programs or policies. We have assembled a suitable—and importantly,
it is no different to earlier BCA versions—framework for this process and offered it to the
research community. That, then, requires further testing to modify, update, and evaluate
it for practical or modified use around ACs and TCs in general. This, ideally, will be
carried out in partnership with public resource managers under funding and assessment
agreements. However, that too requires future commitment to those funds, and that is
highly uncertain itself. Therefore, it is our opinion that it faces many challenges and barriers
in the future.
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Acronyms
AC Abatement costs
AWDU Agricultural Water Demand Units
BAU Business-as-Usual
BCA Benefit–Cost Analysis
BNR Benefit–Cost Ratio
CIS Common Implementation Strategy
DSS Decision Support System
EVRI Environmental Valuation Reference Inventory
IPCC Intergovernmental Panel on Climate Change
IRR Internal Rate of Return
GVA Gross Value Added
NUTS Nomenclature des Unités Territoriales Statistiques
NUTS2 Regional set of Nomenclature des Unités Territoriales Statistiques
NPV Net Present Value
PMAMP Positive Multi-Attribute Mathematical Programming model
RBA River Basin Authorities
TC Transaction costs
WATECO Model for assessing the shift and correlation between variables
WFD Water Framework Directive

References
1. UNESCO. The United Nations World Water Development Report 2023: Partnerships and Cooperation for Water; The United Nations

World Water Assessment Program: Geneva, Switzerland, 2023; p. 210.
2. FAO. The State of Food and Agriculture 2020 (SOFA): Overcoming Water Challenges in Agriculture; Food and Agriculture Organization

of the United Nations: Rome, Italy, 2021; p. 210.



Water 2025, 17, 1427 16 of 17

3. Laffont, J.-J.; Tirole, J. The politics of government decision-making: A theory of regulatory capture. Q. J. Econ. 1991, 106, 1089–1127.
[CrossRef]

4. McCann, L. Transaction costs and environmental policy design. Ecol. Econ. 2013, 88, 253–262. [CrossRef]
5. Freeman, A.M., III; Herriges, J.A.; Kling, C.L. The Measurement of Environmental and Resource Values: Theory and Methods; Routledge:

New York, NY, USA, 2014.
6. Marshall, G. Transaction costs, collective action and adaptation in managing complex social–ecological systems. Ecol. Econ. 2013,

88, 185–194. [CrossRef]
7. Thompson, D.B. Beyond benefit-cost analysis: Institutional transaction costs and regulation of water quality. Nat. Resour. J. 1999,

39, 517–541.
8. McCann, L.; Easter, K.W. Transaction costs of policies to reduce agricultural phosphorous pollution in the Minnesota River. Land

Econ. 1999, 75, 402–414. [CrossRef]
9. Cacho, O.J.; Marshall, G.R.; Milne, M. Transaction and abatement costs of carbon-sink projects in developing countries. Environ.

Dev. Econ. 2005, 10, 597–614. [CrossRef]
10. Nguyen, N.; Shortle, J.S.; Reed, P.; Nguyen, T. Water quality trading with asymmetric information, uncertainty and transaction

costs: A stochastic agent-based simulation. Resour. Energy Econ. 2013, 35, 60–90. [CrossRef]
11. Pannell, D.J. The cost of errors in prioritising projects. In INFFER Working Paper 0903; University of Western Australia Nedlands:

Nedlands, Australia, 2009.
12. Krutilla, K.; Krause, R. Transaction costs and environmental policy: An assessment framework and literature review. Int. Rev.

Environ. Resour. Econ. 2011, 4, 261–354. [CrossRef]
13. Cacho, O.J.; Lipper, L.; Moss, J. Transaction costs of carbon offset projects: A comparative study. Ecol. Econ. 2013, 88, 232–243.

[CrossRef]
14. Garrick, D. Water Allocation in Rivers Under Pressure; Edward Elgar Publishing: Cheltenham, UK, 2015.
15. Loch, A.; Gregg, D. Salinity management in the Murray-Darling Basin: A transaction cost study. Water Resour. Res. 2018, 54,

8813–8827. [CrossRef]
16. Marshall, A. Water as an element of national wealth. In Memorials of Alfred Marshall; Pigou, A., Ed.; Kelley and Millman: New

York, NY, USA, 1879; pp. 134–141.
17. Pannell, D.J.; Roberts, A.M.; Park, G.; Alexander, J.; Curatolo, A.; Marsh, S.P. Integrated assessment of public investment in

land-use change to protect environmental assets in Australia. Land Use Policy 2012, 29, 377–387. [CrossRef]
18. Office of Impact Analysis. Guidance Note—Cost Benefit Analysis; Department of the Prime Minister and Cabinet, Ed.; DPMC:

Canberra, Australia, 2023; 19p.
19. OJ. Water Framework Directive 2000/60/EC; Council Directive; European Environment Agency: Copenhagen, Denmark, 2000.
20. WATECO. Economics and the environment. In The Implementation Challenge of the Water Framework Directive (Guidance Document

No. 1), Common Implementation Strategy for the Water Framework Directive (2000/60/EC); European Commission, Ed.; European
Commission: Brussels, Belgium, 2003.

21. DRBA. Plan Hidrológico de la Cuenca del Duero 2015–2021 (River Basin Management Plan); Douro River Basin Management: Valladolid,
Spain, 2016.

22. DRBA. Esquema de Temas Importantes en Materia de Gestión de las Aguas del Plan Hidrológico 2022–2027 (River Basin Management
Plan); DRBA: Valladolid, Spain, 2020.

23. BOE. Ley 29/1985, de 2 de Agosto. de Aguas; Boletín Oficial del Estado: Madrid, Spain, 1985.
24. BOE. Real Decreto-Ley 606/2003, de 23 de Mayo, por el Que se Modifica el Real Decreto 849/1986, de 11 de Abril, por el Que se Aprueba el

Reglamento del Dominio Público Hidráulico, Que Desarrolla los Títulos Preliminar, I, IV, V, VI y VIII de la Ley 29/1985, de 2 de Agosto. de
Aguas; Royal Decree; Boletín Oficial del Estado: Madrid, Spain, 2003.

25. Pérez-Blanco, C.D.; Gil-García, L.; Saiz-Santiago, P. An actionable hydroeconomic Decision Support System for the assessment of
water reallocations in irrigated agriculture. A study of minimum environmental flows in the Douro River Basin, Spain. J. Environ.
Manag. 2021, 298, 113432. [CrossRef] [PubMed]

26. Pérez-Blanco, C.D.; Loch, A.; Mejino-López, J.; Gil-García, L.; Adamson, D.; Saiz-Santiago, P.; Antonio Ortega, J. Abatement and
transaction costs of water reallocation. J. Hydrol. 2024, 635, 131119. [CrossRef]

27. Higginbottom, T.P.; Adhikari, R.; Dimova, R.; Redicker, S.; Foster, T. Performance of large-scale irrigation projects in sub-Saharan
Africa. Nat. Sustain. 2021, 4, 501–508. [CrossRef]

28. Essenfelder, A.H.; Perez-Blanco, C.D.; Mayer, A.S. Rationalizing Systems Analysis for the Evaluation of Adaptation Strategies in
Complex Human-Water Systems. Earth’s Future 2018, 6, 1181–1206. [CrossRef]

29. Gómez-Limón, J.A.; Gutiérrez-Martín, C.; Riesgo, L. Modeling at farm level: Positive Multi-Attribute Utility Programming.
Omega 2016, 65, 17–27. [CrossRef]

30. Pérez-Blanco, C.D.; Gutiérrez-Martín, C. Buy me a river: Use of multi-attribute non-linear utility functions to address overcom-
pensation in agricultural water buyback. Agric. Water Manag. 2017, 190, 6–20. [CrossRef]

https://doi.org/10.2307/2937958
https://doi.org/10.1016/j.ecolecon.2012.12.012
https://doi.org/10.1016/j.ecolecon.2012.12.030
https://doi.org/10.2307/3147186
https://doi.org/10.1017/S1355770X05002056
https://doi.org/10.1016/j.reseneeco.2012.09.002
https://doi.org/10.1561/101.00000035
https://doi.org/10.1016/j.ecolecon.2012.12.008
https://doi.org/10.1029/2018WR022912
https://doi.org/10.1016/j.landusepol.2011.08.002
https://doi.org/10.1016/j.jenvman.2021.113432
https://www.ncbi.nlm.nih.gov/pubmed/34358933
https://doi.org/10.1016/j.jhydrol.2024.131119
https://doi.org/10.1038/s41893-020-00670-7
https://doi.org/10.1029/2018EF000826
https://doi.org/10.1016/j.omega.2015.12.004
https://doi.org/10.1016/j.agwat.2017.05.006


Water 2025, 17, 1427 17 of 17

31. Randall, A. Property Rights and Social Microeconomics. Nat. Resour. J. 1975, 15, 729–748.
32. Pannell, D.J.; Nguyen, H.-T.-M.; Chu, H.L.; Kompas, T.; Rogers, A. Benefit-cost analysis decision criteria: Reconciling conflicting

advice. Appl. Econ. Teach. Resour. (AETR) 2024, 6, 12–28.
33. Adamson, D.; Loch, A. Incorporating uncertainty in the economic evaluation of capital investments for water use efficiency

improvements. Land Econ. 2021, 97, 655–671. [CrossRef]
34. Gutierrez-Martin, C.; Gomez, G. Assessing irrigation efficiency improvements by using a preference revelation model. Spanish J.

Agric. Res. 2011, 9, 1009–1020. [CrossRef]
35. Andreu, J.; Capilla, J.; Sanchis, E. AQUATOOL: A Computer-Assisted Support System for Water Resources Research Man-

agement Including Conjunctive Use. In Decision Support Systems; NATO ASI Series; Loucks, D.P., Costa, J.R., Eds.; Springer:
Berlin/Heidelberg, Germany, 1991; pp. 333–355.

36. BOE. Mírame Database. Available online: https://mirame.chduero.es/chduero/public/home (accessed on 28 March 2024).
37. Njiraini, G.W.; Thiam, D.R.; Coggan, A. The Analysis of Transaction Costs in Water Policy Implementation in South Africa:

Trends, Determinants and Economic Implications. Water Econ. Policy 2017, 3, 1650020. [CrossRef]
38. Ofei-Mensah, A.; Bennett, J. Transaction costs of alternative greenhouse gas policies in the Australian transport energy sector.

Ecol. Econ. 2013, 88, 214–221. [CrossRef]
39. Johnston, R.J.; Rolfe, J.; Rosenberger, R.S.; Brouwer, R. Introduction to benefit transfer methods. In Benefit Transfer of Environmental

and Resource Values: A Guide for Researchers and Practitioners; Springer: Dordrecht, The Netherlands, 2015; pp. 19–59.
40. Wilson, M.A.; Hoehn, J.P. Valuing Environmental Goods and Services Using Benefit Transfer: The State-of-the Art and Science; Elsevier:

Amsterdam, The Netherlands, 2006; Volume 60, pp. 335–342.
41. TEEB. Mainstreaming the Economics of Nature; TEEB: Geneva, Switzerland, 2010.
42. INE. INEBase. Available online: http://www.ine.es/inebmenu/indice.htm (accessed on 22 March 2024).
43. IPCC. IPCC Technical Guidelines for Assessing Climate Change Impacts and Adaptations; Centre for Global Environmental Research:

Tsukuba, Japan, 1994.
44. Sitányiová, D.; Gogola, M. Data Analysis Based on CBA Concept; Interreg Central Europe: Lille, France, 2021; 28p.
45. Adamson, D.; Loch, A. Overcoming Deterministic Limits to Robustness Tests of Decision-Making Given Incomplete Information:

The State Contingent Analysis Approach. Water Econ. Policy 2023, 8, 2240011. [CrossRef]
46. Pérez-Blanco, C.D.; Essenfelder, A.H.; Gutiérrez-Martín, C. A tale of two rivers: Integrated hydro-economic modeling for the

evaluation of trading opportunities and return flow externalities in inter-basin agricultural water markets. J. Hydrol. 2020,
584, 124676. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3368/le.97.3.655
https://doi.org/10.5424/sjar/20110904-514-10
https://mirame.chduero.es/chduero/public/home
https://doi.org/10.1142/S2382624X1650020X
https://doi.org/10.1016/j.ecolecon.2012.12.009
http://www.ine.es/inebmenu/indice.htm
https://doi.org/10.1142/S2382624X22400112
https://doi.org/10.1016/j.jhydrol.2020.124676

	Introduction 
	Case Study Background: The Douro River Basin (DRB), Spain 
	The Proposed BCA Framework 
	Methods 
	Model Scenarios 
	Abatement Costs 
	Transaction Costs 
	Benefit Transfer Approach 
	Environmental Flow Benefits 
	Adaptive Efficiency 

	Results 
	Discussion and Conclusions 
	Conclusions 
	References

