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Abstract This chapter describes the design of a reform scheme for public water
abstraction charges aimed at implementing the Water Framework Directive princi-
ples of (i) internalising the externalities associated with water use (or at least recover
the cost of measures implemented to protect water resources); (ii) inducing an effi-
cient allocation among competing uses; and (iii) achieving water and environmental
protection without excessively hampering economic activities. We provide a simu-
lation of the resulting water pricing systems based on data from the Piedmont
Region, in north-western Italy. The reform design grounds water charges on the
impacts on ecosystem services caused both by subtracting resources to freshwater
ecosystems and by returning water to ecosystems, after human use, in a qualita-
tively degraded state. The system takes into account that the marginal damage of
water uses may also depend on the quantitative and qualitative status of the con-
cerned water body, and controls for incidence of the resulting charges.
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18.1 Introduction

The State of Water Report by the European Environment Agency (EEA 2018) shows
that only 38% of the European Union (EU) surface water bodies are in good chemi-
cal status and just 40% in good ecological status — a substantial distance from the
objectives of the Water Framework Directive (WFD). Compared to the
2009-2015 cycle, progress has been limited. Among a set of varied and complex
underlying causes, a key role is identified in a delay by Member States to design and
implement effective policy measures. While Article 9 of the WED explicitly requires
Member States to implement pricing policies that provide incentives to use water
efficiently and recover costs for water services (including environmental and
resource costs), virtually no Member State appears to have yet implemented com-
prehensive water management and pricing reforms, and in the majority of contexts
there is not even sign of ongoing reform planning. Available reviews of water pric-
ing in the EU are somewhat updated but, according to the EC (2012) Water Blueprint,
only 49% of River Basin Management Plans (RBMPs) are preparing to change the
pricing system to foster a more efficient use of water; and only 40% include mea-
sures to improve water metering — a pre-condition for any incentive-based pricing
policy. This is particularly true for the most water-consumptive sectors: Rey and
colleagues report that no Member State in Southern Europe has implemented an
agricultural water pricing reform that integrates the principles of cost recovery,
polluter-pays and affordability required by the WFD (Rey et al. 2018).

Among the very first attempts to make a step beyond this state of things, the
Piedmont Region, in the North-West of Italy, introduced in July 2017 two additional
ex-ante conditionalities to access funding from the EU’s Common Agricultural
Policy (CAP): (i) the “harmonization of the methods for quantifying irrigation water
withdrawals and effective collection, communication and management of this data”,
including the compulsory adoption of metering devices; and (ii) the “introduction of
environmental and resource costs in the calculation of water prices”, to an extent
consistent with the affordability principle (Regione Piemonte 2017). This amounts
to an explicit choice by the Regional Government (consistent with the Italian regu-
lation?) to link access to CAP funds for agricultural firms to compliance with the
principles required by the WFD — an unprecedented move towards the real imple-
mentation of the Directive.

This chapter provides a comprehensive description of the approach which has
been followed to design the above-mentioned reform of public water abstraction
charges. The proposed reform concerns all economic sectors that make use of public
water, that is, water from out-of-network abstraction points. This includes the agri-
cultural sector, the largest user of public water, employed mainly for irrigation; the
industrial sector, which may use both network and out-of-network water supplies,

'Decree of the Minister of the Environment no. 39 of 24 February 2015 (“Regolamento recante i
criteri per la definizione del costo ambientale e del costo della risorsa per i vari settori d’impiego
dell’acqua”).
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depending on production processes and location; and the commercial sector, for
which the use of out-of-network water is generally residual (e.g., fire-fighting sys-
tems, garden watering). The analysis also includes the very small share of house-
holds that hold a licence to withdraw water out of the integrated water service,
because either living in remote out-of-network areas, usually served by village
aqueducts holding a collective abstraction licence, or maintaining traditional rural
wells in addition to the network.

The underlying principles draw directly from the WFD: water charges should (i)
internalise the externalities associated with water use (or at least recover the cost of
measures implemented to protect water resources); (ii) induce an efficient allocation
among competing uses; (iii) achieve water and environmental protection without
excessively hampering economic activities. In turn, the internalisation of externali-
ties brings with it the principle of fairness in the contribution, that is, a system meant
to proportionally spread the cost of conservation among uses according to the pres-
sure they exert on water resources and on the environment.

Grounding water pricing on the environmental and resource costs entailed by
water use requires, first, quantifying such costs in monetary terms. In the simula-
tions presented in this chapter, we adopt a cost-based approach, consistent with the
guidelines published by the Italian Ministry of the Environment,? to associate mon-
etary values to the changes in ecosystem services impacted by water abstraction
and use.

In this way, we implicitly assume that the value of avoided damages or the cost
required to restore degraded ecosystems represent a proxy of the value of the ser-
vices provided by those ecosystems. Monetary values of ecosystem services
obtained through a cost-based approach underestimate the total economic value,
since they quantify only the use value, and only that subset of it for which restora-
tion interventions are technically feasible. This notwithstanding, we believe they
convey a useful quantification of the minimum certain value for socio-economic
costs associated with water use. In any case, a full recovery of environmental and
resource costs would imply, in most circumstances, disproportionate costs, that is,
costs to be imposed on economic activities that would be considered unsustainable
and politically unfeasible (Galioto et al. 2013; Jensen et al. 2013; Klauer et al.
2016). The WFD itself admits, in the face of disproportionate costs, the possibility
of derogating from the principle of full cost recovery. Moreover, from a practical
point of view, cost-based valuations are also reasonably straightforward to imple-
ment in those contexts where recovery or replacement costs have actually been dis-
bursed or at least included in RBMPs.

Among the numerous challenging questions faced by these pioneering attempts,
two appear particularly crucial. The first is how to find the right balance between, on
the one hand, socio-economic affordability with respect to local specificities and
socio-economic features of the economic sectors involved and, on the other, propor-
tionality between environmental costs caused by economic activities and financial

2Ibid.
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costs imposed by water pricing. The second is the issue of whether (and how) to
consider water balances, rather than simply withdrawals, as a base for water pricing.
In the conclusions of this chapter we discuss both questions, with reference to the
unfolding experience of its case study.

18.2 Designing Public Water Pricing

18.2.1 The Piedmont Region Context

The Piedmont Region, located in the northwest of Italy, is entirely part of the Po
river basin district, the largest and most relevant Italian water district. The Region
comprises the upstream of the Po River and other relevant water bodies (rivers,
lakes and aquifers).

The most significant anthropic pressures on rivers and lakes derive from morpho-
logical alterations of the soil (63.8% of superficial water bodies are subject to sig-
nificant pressures), discharges of urban wastewater (significant pressures on 36%t
of superficial water bodies) and release of pesticides, fertilisers and sludge due to
the activities of the agricultural-livestock sector (significant pressures on 19% of
superficial water bodies). For groundwater, the main factors contributing to quality
deterioration are nitrates, pesticides, volatile organic compounds (VOCs) (27.5% of
ground waters under significant pressures), metals such as nickel or chromium and
chlorinated solvents.

The Region has historically been water-abundant, with an estimated annual aver-
age availability of 14 billion m®. Nevertheless, it has recently experienced droughts,
both in winter and summer seasons, due to the combination of low precipitations
and significant withdrawals from surface waters. The causes of these drought events
are most likely due to climate change, but also show a clear correlation with the
increasing trend of withdrawals.

In the last 60 years, precipitation has not shown significant differences in mean
values, while there has been an increased frequency of extreme events, both intense
precipitation and drought. In 2017, total precipitations were roughly 25% less than
the average cumulated value referring to the period 1971-2000, with the most criti-
cal situations in the south-eastern area of the Region. The pluviometric deficit wors-
ened in the first months of autumn, reaching a peak of 36% in October. The pressure
on water resources due to withdrawals is well-known by local authorities and stake-
holders: in 2015, almost 40% of surface water bodies were subject to significant
pressure. The most consistent quantitative pressure is exerted by the agricultural
sector, that uses about 80% of the total volumes withdrawn. It is estimated that
about 5 billion m? of water per year are derived from surface water bodies for irriga-
tion, most of which are used for rice fields in the north-eastern area of the Region
and for the irrigation of corn in the remaining lowlands. Seasonality exacerbates the
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pressure of agriculture, which peaks during summer, from April to September, when
the natural water runoff of rivers and torrents is at its minimum.?

Regional authorities are in charge of issuing water abstraction rights and set the
corresponding prices, with the national Government and the Po River Basin
Organization playing a monitoring and coordination role among Regions within the
basin. Under the current water abstraction regime, licenses are issued by the compe-
tent authorities (Provinces) for long periods, up to a maximum of 40 years. Prices
are set on a per-area basis (average charge: 1.22 €/ha), or based on the average flow
rate capacity of the licenced derivation (0.56 €/1s for the agriculture sector, 2.37 €/
Is for households,* 175.94 €/1s for industrial uses), or on the installed capacity for
the hydroelectric sector (29.89—44.05 €/kW), with heavy price differences across
sectors. Table 18.1 provides a complete overview of the current pricing regime.

Table 18.1 Piedmont Region, current water pricing. (Source: Regione Piemonte 2019)*

Sector Type of charge UoM Charge

Irrigation and agriculture Charge 1 € perl/s 0.56
Charge 2 € per ha 1.22
Min. € 31.37

Commercial Charge € per /s 11.72
Min. € 143.61

Household Charge € per /s 2.37
Min. € 59.85

Energy >=3.000 kW € per kW 44.05
1.000 kW e <3.000 kW € per kW 39.86
> =220 kW e <1.000 kW € per kW 37.76
>=20kW e <220 kW € per kW 34.61
<20 kW € per kW 29.89
Min. € 165.49

Industrial Charge € per l/s 175.94
Min. 1 € 2357.72
Min. 2 € 1196.81
Min. 3 € 694.17
Min. 4 €

“The source uses a finer disaggregation of sectors. We decided to focus our attention on the most
relevant ones and made some aggregations in order to replicate standard classifications and allow
international comparisons. For the industrial sector, the minimum payment increases with the
dimension of the licenced flow rate

*Data on quantitative and qualitative status of water bodies have been collected for 2001-2016
period by the Regional Environmental Protection Agency (ARPA) and used as the informative base
for the last Water Protection Plan (Regione Piemonte 2018).

*As mentioned in the introduction, the almost totality of households receive water from the net-
work, and are therefore subject to the tariff system of the integrated water service. The “Household”
category appearing in this analysis refers only to the small number of families holding a public
water abstraction licence.
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Since their introduction in Italy in 1933, water prices have been determined
mainly on the ground of the ability to pay of different sectors, without consideration
of the quantities consumed — a scheme resulting in an implicit subsidisation of
water-intensive sectors. Considering withdrawals and revenues from the sectors for
which we have a measure of the licenced water amount, in Piedmont industrial uses
account for 9% of licenced withdrawals and 55.2% of revenues; household and
commercial uses are entitled to 3% of licenced water and generate 12.2% of reve-
nues; agricultural use accounts approximately for 87% of water use and originates
32.6% of revenues. Water licences to industry, households, commerce and agricul-
ture generate revenues for 10.7 million € annually, 18.8% of total revenues from
water charges. The remaining 81.2% is generated by the hydroelectric sector, not
included in the above shares because its water charges are defined in €/kW rather
than in 1/s, and hence the database of licences for water abstraction does not allow
us to quantify withdrawals (Regione Piemonte 2019).

18.2.2 The Reform Structure

The reform presented in this chapter aims at overcoming the current system and to
link charges to actual water resource use. Crucial features informing the reform
design are that the system for determining charges must be: (i) standardised and
replicable; (ii) strictly connected to objective criteria (official and publicly available
indicators and assessments of resource state in the RBMPs); (iii) dynamically flex-
ible to accommodate revisions and updates in subsequent planning cycles.

The first crucial requirement of the transition is moving towards a fully metered
system. Water use in Piedmont is entirely metered only for households and com-
mercial uses that are connected to the network of the integrated water service. In all
other sectors, despite a mandatory requirement for large users established in 2007
(Decree of the President of the Regional Council no. 7/R of 25 June 2007), the
implementation of a system for metering public water abstraction is currently at
different degrees of completion depending on contexts and uses.

The reform under way calculates water charges based on the financial and envi-
ronmental costs associated with the quantity of water withdrawn and the quality of
the water returned. In this way, the financial and environmental costs are spread
among users in proportion to the pressure they exert on water resources. In order to
avoid disproportioned costs and warrant affordability, the system then sets a cap in
terms of the cost recovery ratio to be obtained.

The objectives set by the WFD for Member States are in terms of a good status
of water bodies to be pursued and maintained over time. One could argue, therefore,
that the implementation of the WFD requires incentive-based water pricing only for
water bodies that do not reach a good status: where the natural system has the capac-
ity to assimilate pressures, one could be induced to consider externalities deriving
from water use equal to zero. Such a regulation-centered approach, however, would
fail to consider dynamic effects and the potential for spillovers of pressure from
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water bodies with a poor status, where water charges would impose a heavier bur-
den on economic activities, towards water bodies with higher environmental quality.
A conservation-centered approach would rather suggest assigning economic value
to water regardless of the state of the water body on which the pressure insists. This
would avoid biases and spillovers, and aim at improving water quality where it is
degraded while protecting it where it is good or higher. It is also consistent with the
concept of solidarity and concurrent responsibility in resource use, which entails
sharing responsibility among competing uses in reaching adequate quality status at
the water body, sub-basin and basin level.

Total user costs for water resources are typically subdivided in three main com-
ponents — financial, environmental and resource costs:

C"=C"+C*+C" (18.1)

Financial costs (C”) are the costs incurred for the supply and management of
water uses and services (see Decree of the Minister of the Environment no. 39 of 25
February 2015). They include capital, operating and maintenance costs for water
supply. For the integrated water service, financial costs are determined by the Italian
Regulatory Authority for Energy, Networks and the Environment (ARERA) through
a standardised Water Tariff Method (metodo tariffario idrico — MTI). For all other
uses (irrigation, hydroelectric, out-of-network industrial), we could consider them
equal to zero, since they are internalised in the users’ production function.

Resource costs (CF) are defined in the guidelines for the implementation of the
WED by the Ministry of the Environment as those generated by inefficiencies in the
allocation of water resources among competing uses. They arise if the difference
between the value of net benefits of current uses and the value of the best current or
future available alternatives is negative (ibid.).

Environmental costs (CF) are the loss in the value of water resources as a conse-
quence of degradation in water ecosystems due to anthropic uses: “[...] the costs
linked to damage that water uses may impose on the environment, ecosystems or
other users, as well as costs linked to changes in water ecosystems functioning or to
resource degradation due both to excessive abstractions and to lower water quality
that represent a source of damage for water bodies or the welfare deriving from non-
use values of the resource” (ibid.). Damages may weigh on two dimensions — quan-
titative and qualitative — and are associated to modifications with respect to the
resource estimated or expected “natural values’”, that is, those prevailing in the
absence of human use.

The water pricing reform proposal chooses not to include in the base for calcula-
tion of user charges the cost of allocation inefficiencies. It simply quantifies the
environmental cost of water use as the sum of costs linked to the quantity of resource
abstracted and of the costs linked to the altered quality of the returned water due to
point or non-point pressures. The estimate of the environmental cost arising from
water use (C/) for any of the N abstraction points is thus based on four different

dimensions: (i) a physical measure of resource abstraction (Q.A ); (i1) indicators of

i

the qualitative and quantitative status of the source rivers and aquifers (a, f, €, 7);
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(iii) a monetary measure of the cost of abstraction (C*); and (iv) a monetary measure
of the external costs associated to qualitative deteriorations in the returned
water (CF):

N
EC,-E =(l+a,+B +¢)0/'C" +yC” (18.2)

18.2.2.1 Metering

As mentioned in Sect. 18.2.1, the incumbent system for the allocation of public
water adopts different criteria depending on sectors. The quantity of water that users
are allowed to withdraw is set at the stage of issuing the licence and is based on self-
reported user needs validated by the regulator, and on an evaluation of the impact of
new withdrawals on the water body, taking into account already issued licences.

However, these nominal quantities are very weak measures of actual water con-
sumption and can be source of inefficiencies, in terms of allocation, incentive power
and information available for policies and management. A proper incentive-based
pricing scheme would require the progressive transition from the current structure
to a fully metered system, with water pricing uniformly defined in €/m?>.

While the adoption of meters spreads, a transitory first phase of the reform can
implement water pricing on the nominal water quantities licenced to each user in
each extraction point, determined on the ground of average theoretical flows, rather
than on measured withdrawals. Obvious limitations of this phase include uncer-
tainty as to the relation between licenced quantities and real water consumption
(made worse by frequently oversized concessions) and a limited incentive capacity
towards reducing water use and wasteful behaviour.

After a transitional period meant to allow users to adopt metering devices, water
charges should start being calculated either on measured abstractions or, where
meter adoption has not occurred, on maximum (rather than average) nominal flow.
It has been shown in several contexts that metering alone can generate virtuous
behaviour and reduce withdrawals by up to 40% (Sardonini et al. 2011). Transition
from pricing on nominal flows to measurement of real abstraction is consistent with
the principles of concurrent responsibility in resource use and incentive pricing.

18.2.2.2 Weighing Water Pricing by Availability and Ecological Status
of Sources

Correcting the cost of abstractions as a function of the quantitative and qualitative
status of the water body allows us to introduce the spatial and temporal dimensions
in the water pricing system. The quantification of the physical state of water bodies
is made, by expressed choice, with reference to the indices used in water planning
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and environmental monitoring by regional authorities, in implementation of
the WEFD.

The first parameter, a, in Eq. (18.2) corrects the cost of resource abstraction on
the ground of the quantitative status of the source water body. For surface water
bodies, a is calculated by normalising between 0 and / the status of the water body
measured by the Index of Alteration of the Hydrological Regime (IARI) or by the
Water Exploitation Index (WEI+). WEI+ is an indicator of pressure that human
activities exert on water resources calculated with reference to a specific territory
(basin or sub-basin, or aggregation of basins and sub-basins). It is used to identify
the areas potentially subject to water stress, with reference to the actual availability
of the resource, to the observed withdrawals and to an appropriate time scale. The
index, expressed as the ratio between actual withdrawals and the average natural
range on the period 2000-2016, has been simulated on different scenarios of pre-
cipitation rates. In years with scarce precipitation, most cases of water stress con-
centrate in summer (in July, and to a lesser extent in April, May and September). In
years with moderate precipitation water stress concentrates in June, July and August.
In both scenarios, a strong correlation emerges between water stress and the irriga-
tion season (Regione Piemonte 2018).

For underground water bodies the parameter « is estimated based on the quanti-
tative status of water basins periodically reported by Regional authorities, as
requested by the WFD. Monitoring over the period 2005-2017 reports, on average,
a stable time path of the Region’s aquifers, with a few situations of declining quan-
titative trends that require careful consideration.

The second parameter, S, corrects the environmental cost on the ground of the
qualitative status of the water body affected by the abstraction. The determination of
parameter /3 is based on the classification of water bodies according to the WFD: for
surface water bodies it measures both the Ecological Status (ES) and the Chemical
Status (CS), while for underground water bodies it measures only the CS.

The monitoring activities carried out by ARPA show that, in 2015, only 55% of
Piedmont rivers had a good or higher ES, while 95% of them had a good CS. The
Overall State (OS), given by the worst result between the ES and CS, was good only
for about half of the rivers (134 out of 248, or 54%). With regard to lake water bod-
ies, only 4 out of 11 (36%) exhibited a good OS, mainly due to bad ES. For ground-
water, only the CS is used: a poor status was recorded in 112 points out of 268
(41.8%) for the shallow water table, while in the deep strata 32 points out of 132
(24.25%) were in poor state. If we consider the state of the superficial groundwater
basin, only 2 superficial aquifers out of 17 (11.8%) had a good state.’

The parameters a and f are updated with the six-year classification of water bod-
ies status as required by the WFD. They can be modified when relevant new infor-
mation or new indicators become available.

>The aquifer model of Piedmont is able to distinguish data pertaining to superficial and deep aqui-
fers, as it has adequately identified the groundwater divide.
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The third parameter, €, weighs on abstractions of resource designated “for human
use” (deep aquifer) for purposes different from drinking use. According to the
Italian law (Article 96 of Legislative Decree no. 152/2006), this triggers an addi-
tional burden on the water charge for non-priority uses of groundwater. In Piedmont,
using the Regional dataset of public water licences and water charges GE.
RI.CA. (Gestione Riscossione Canoni),® we observe that 1871 users out of 17,885
(almost 10% of total licences) do exert withdrawals from deep aquifers for non-
priority uses. The most involved sector is agriculture with 1321 licences, or 7% of
the total.

18.2.2.3 The Weight of Pollution: Calibrating Water Pricing by Quality
of the Returned Water

The second addend of Eq. (18.2), yC?, captures the environmental cost linked to
altered chemical-physical characteristics of the returned resource and hydro-
morphological changes: for instance, the addition of solvents, nutrients, pesticides,
and sediments, changes in water temperature, speed or turbulence, or any other
change with respect to the qualitative features of the resource in its natural state that
may cause harm to the ecosystem where water is returned.

Returning altered water does not have equal consequences in all water bodies.
The parameter y plays the role of correcting the environmental cost of returning
degraded water on the basis of the quality status of the water body where the
abstracted water is returned. For uses with diffuse water restitution (non-point
sources), such as agriculture, the median value of the sub-basin where the abstrac-
tion takes place is used as representative value of the ecological status.

18.2.2.4 Seasonality

Since water diversion from rivers in flood season does not entail environmental
costs, in contexts where the water flow regime is heavily affected by seasonality it
may be appropriate to consider a variant of the above formula:

gcf =[(1+ai+/3i)F+gi:|Ql.ACA+7/CP (18.3)

where F is a switch that water authorities may use to derogate from charging users
for abstraction during water-abundant months (similar to when the regulatory obli-
gation to safeguard the environmental flow is waived during periods of drought). In
those periods, the residual price of water would include only the components

SGE.RI.CA. is the geo-localised database of licences of water abstraction in Piedmont. It is used
to determine charges according to sector, type of withdrawal and any applicable reduction.
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associated with the qualitative deterioration imposed on water by human use and the
withdrawals for non-priority uses.

18.2.2.5 Affordability

The overall environmental cost of water use thus calculated (ZC ) s — together
with financial and resource costs — one of the components of the total cost that the
WEFD requires Member States to recover through water pricing. Context-specific
results should then be evaluated in light of the affordability principle. If dispropor-
tioned costs arise, the system provides for a maximum ceiling, by setting a cap in
terms of the cost recovery ratio to be obtained.

18.3 Quantifying the Cost of Abstraction and Pollution:
A Simulation for Piedmont

This and the following sections implement an empirical simulation of the above
structural reform of water pricing using data from Piedmont. The simulation consid-
ers out-of-network industrial, commercial, household, and irrigation and agricul-
tural uses. Energy uses are not included because water charges for hydroelectric
plants are connected to the amount of generated energy rather than to the amount of
water used, and there is no general conversion factor between the two, depending it
on the height of the water jump between source and turbines. The Piedmont Region
will address the issue of water charges for energy uses as part of the reform of
hydroelectric concessions, in compliance with national Law no. 12/2019.

In Eq. 18.2, as we have seen, C* is the monetary value of the cost associated with
the abstraction of a unit of water from ecosystems. C* measures the cost of the deg-
radation occurring in the quality of water being used for human purposes.

To quantify C* and C” we propose to adopt a cost-based approach, in line with
what suggested by national and international guidelines — see, for example, the
Common Implementation Strategy by the European Commission (EC 2003). This
approach, which takes the form of methods for estimating recovery costs, replace-
ment or more generally avoided costs, presupposes that the costs of avoiding dam-
age or replacing degraded ecosystems represent a measure, albeit partial and
hence approximated by default, of the value of the services provided by ecosystems.
All cost-based methods are hence based on the supply curve for ecosystem services,
so that strictly they do not measure utility. In other words, these methods do not
provide information on the underlying demand curve for the relevant sets of ecosys-
tem services, and therefore cannot provide comprehensive measures of total eco-
nomic value, nor do they necessarily convey complete information about social
welfare. On the other hand, they do not suffer from the hypothetical bias affecting,
for example, stated preferences techniques, and are very practical, reliable and
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cost-effective in contexts where restoration or replacement interventions have actu-
ally been realised or at least included in the budget of water management plans.

The value of C* can be estimated as the unit cost of interventions required to ease
the pressure on water resources induced by abstractions; we consider, in this exer-
cise, the building cost of multi-purpose reservoirs (a cost-efficient measure). We
consider 19 different projects for water storage with heterogeneous features and
designs (small, large, and inter-company reservoirs) within the Po river basin. We
compute the annualised value by calculating depreciation with the following
assumptions:

e 2.85% remuneration of capital (the return rate of 50-year Italian
Government bonds);

 different discount rates (5, 6, 7%) to test for sensitivity of results;

e cost in €/m? of considered infrastructures calculated on the ground of the volu-
metric design of the single reservoir. Mean and median of these values have been
calculated by excluding tails of the distribution (5°-95° and 10°-90° centile).

The resulting cost of building a water storage system is between 0.05 and 0.084 €/
m?, depending on the discount rate used and on the measure of central tendency
employed (Table 18.2). As said above, this estimate should be considered as only an
approximation of the environmental unit cost of withdrawals and can be affected by
future technological change and exogenous factors.

In order to identify the total annual cost imposed by water abstraction on ecosys-
tems, we do not consider total annual water abstractions taking place in the Region,
but only the unsustainable share of them, measured by the water deficit — the excess
of water demand over sustainable water supply within each year (satisfied by reduc-
ing the stock of non-renewable groundwater in deep aquifers).

The estimate of water deficit is obtained for Piedmont by the MIKE HYDRO
Basin simulation, a mathematical representation of river basins defined by including
the configuration of river and reservoir systems, catchment hydrology and water
user schemes (Regione Piemonte 2018). We consider two different scenarios, for
years with average and scarce precipitations.’

Table 18.3 reports the values of C* for different discount rates and of the total
annual cost of unsustainable water abstraction for the years with average and scarce

Table 18.2 Replacement costs: simulations (€/m?)

Discount rate 5% 6% 7%
Mean (€/mc) 0.084 0.072 0.063
Median (€/mc) 0.066 0.057 0.05

"The outputs of MIKE HYDRO simulations are available at: www.regione.piemonte.it/ambiente/
acqua/dwd/PTA/e_allegati_tecnici/II/IThO1.pdf


http://www.regione.piemonte.it/ambiente/acqua/dwd/PTA/e_allegati_tecnici/II/IIh01.pdf
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Table 18.3 Total cost of water abstraction (C*) under different scenarios of water deficit

Water deficit (€)

Discount rate cA Average precipitation year | Scarce precipitation year
5% Mean 0.084 |57,957,068 161,499,466

Median | 0.066 | 45,739,144 127,453,778
6% Mean 0.07 50,039,163 139,435,937

Median | 0.06 39,490,411 110,040,461
7% Mean 0.06 43,813,215 122,087,108

Median | 0.05 34,576,955 96,349,936

Table 18.4 Cost of water protection measures in Po RBMPs (2015-2021)

Total cost (€) Covered costs (€) Cost to be recovered (€)
Integrated water service 58,565,031 58,475,031 90,000.00
Irrigation 360,824,465 353,527,165 6,754,300
All uses 16,011,403.00 398,000 15,613,403
TOTAL 435,400,899 412,002,196 22,457,703

precipitations. The resulting value of total cost is between 34.5 mIn € and 161.5 mln
€, depending on average annual precipitation and discount rate.

Let us now consider the cost associated with the qualitative deterioration of the
water returned to ecosystems after human use. C* can be estimated on the basis of
mitigation costs specific for categories of pollutants available in the literature (for
example, EC 2003). Alternatively, a convenient approximation for the externality
associated with altered returned water is the cost borne by water authorities for
implementing the water protection measures included in the Water Protection Plan
of the Piedmont Region. Monetary measures can be updated every six years,
together with the RBMPs, to take into account new adopted measures and/or varia-
tions in costs. In the simulation presented here, we adopt the latter approach. In
order to implement the polluter-pays principle, we spread the cost of measures
among different uses based on the volumes of withdrawn resource.

In theory, the cost of the measures implemented to protect and restore water
quality converges to the monetary value of the environmental damage when the
measures adopted cover all damages and are sufficient to internalise them com-
pletely. Otherwise, as in the present simulation and most real-world contexts, the
obtained estimate is an approximation by default.

Table 18.4 presents the cost of measures included in the Regional Plan for Water
Protection for the period 2015-2021 (Regione Piemonte 2018). These measures are
designed to reduce a variety of pressures on water resources, from pesticides and
nitrates abatement to watershed vegetation buffer zones, control of erosion and so
on. Some of them are directed to specific uses (in particular in the fields of the inte-
grated water service and agriculture), whereas other have general objectives and
pertain to all uses.

In a cost-recovery perspective, the cost of altered returned water to be included
in the calculation of water pricing is only the quota of the total cost not yet covered
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by external resources (i.e., from EU or national funds) or revenues from the tariff of
the integrated water service. The aggregate value of C? turns out to be approxi-
mately 22.5 mln €. The share of it originated by irrigation is approximately 30%.

18.4 Proportionality Measures and Affordable Charges

The process of reforming water pricing cannot disregard socio-economic sustain-
ability, through an in-depth analysis of direct and indirect distributive impacts. This
requires measuring elasticity of demand and elasticity of substitution of different
uses, as well as propagation of impacts within the economic system.

As mentioned in the introduction, one of the principles guiding our approach is
identifying methods of analysis and policy design that are replicable without exter-
nal support within local governments. With this objective in mind, we develop a
simple analysis of financial sustainability and distributive impact relying on:

(i) the Benefit-Cost Ratio (B/C) to define the proportionality of the estimated
annual total cost associated with the unsustainable share of water abstraction
calculated in Table 18.3; and

(i1) the ratio between the expected variation in water charges and the average net
income within each category of use in order to verify the ability of users to face
any given simulated increase in water charges.

18.4.1 Assessing Proportionality

In order to verify the proportionality of the costs of the measures adopted to contain
pressures on water resources, it is necessary to perform a monetary valuation of the
environmental benefits resulting from their implementation.

Environmental valuation methods can be distinguished between those with a
direct approach and those with an indirect approach. The indirect, or revealed pref-
erence, methods (Hedonic Prices, Travel Cost Method) are generally more suitable
for assessing the direct use value, whereas techniques with a direct, or stated prefer-
ence, approach (Contingent Valuation and Discrete Choice Experiments) are the
only ones capable of capturing also non-use values and hence to offer a measure of
total economic value.

All these methods require carrying out primary studies that are generally expen-
sive and in certain contexts difficult to implement with a good level of reliability.
For these reasons, secondary techniques, such as Benefit Transfer (BT), are increas-
ingly employed in the economic valuation of environmental goods and ecosystem
services. BT consists in transferring information available for a given context (mon-
etary valuations from primary studies) to other contexts, after appropriate correc-
tions to account for heterogeneity: factors such as geographical location, economic
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situation (average income, employment rates) or the availability of water in a par-
ticular moment in time generally influence the valuation result.

Monetary values for the loss of ecosystem services associated with water uses
have been estimated in different contexts (e.g., Bateman and Langford 1997,
Brouwer 2006; Milon and Scrogin 2006; Raggi et al. 2009; de Groot et al. 2012;
Ramajo-Herndndez and Salazar 2012; Russi et al. 2013). The appropriate willing-
ness to pay for individuals living in Piedmont has been identified through an exten-
sive literature review. The study selected as the most appropriate was conducted by
Raggi and colleagues on the Po and the Reno basins (Raggi et al. 2009). Their study
investigates the value, as perceived by the population, of allowing water to serve
ecosystem uses, specifically, avoiding withdrawals for agricultural, industry and
energy uses. The estimated willingness to pay is about 38€ per family per year.
Considering the number of households resident in Piedmont (2011 census) and
adjusting for income differentials between the original area of study and the whole
Region, the aggregate benefit (AB) can be computed as:

AB=WTP - WTPy - Nyy=- A, = € 68,414,247 (18.4)

with WTP the average WTP, WTP, the percentage of families stating zero WTP
in the survey, Ny, the number of families living in Piedmont and A, the weight to
correct for income differentials.

As all estimates of environmental benefits, this value is affected by the general
limitations of environmental monetary valuation techniques, and particularly of
those based on the elicitation of individual’s willingness to pay — incomplete infor-
mation by the survey respondents, hypothetical bias, protest bias, scope effects
(Hanley and Czajkowski 2019).

Table 18.5 presents the results of the B/C analysis: benefits are the outcome of
the BT method described above, whereas costs of abstraction are the aggregate
value from Table 18.3. The results show that the precipitation scenario turns out to
be a crucial assumption. In the case of a year with moderate precipitation, the ratio
B/C is always greater than one, implying that the benefits overcome the costs. In
years with scarce precipitation, the ratio is always below 1, independently of the
discount rate used — implying (given our BT estimate of benefits based on individual
willingness to pay) disproportionate costs.

Table 18.5 Proportionality measure: benefits over costs

B/C

Discount rate (e Average year Moderate year
5% Mean 0.084 1.18 0.42

Median 0.066 1.50 0.54
6% Mean 0.07 1.37 0.49

Median 0.06 1.73 0.62
7% Mean 0.06 1.56 0.56

Median 0.05 1.98 0.71
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18.4.2 Assessing Affordability

The affordability of different levels of water charges is assessed by computing the
expected change in average income that would occur as a result of the calculated
cost-recovery water charges.

For agricultural users we employ the EU-RICA dataset (INEA 2014),® which
reports average value added, net income and costs of production per hectare for dif-
ferent crops in the Region. We assume a standard agent with a withdrawal rate of
1 L/s per hectare for the irrigation season (one semester per year). The calculated
incidence ranges between 22% and 36% of net income (Table 18.6): abstraction
charges recovering the whole environmental costs of water use, although approxi-
mated by default as done on this exercise, would not be affordable for agricul-
tural firms.

The analysis of incidence for the industrial and commercial sectors faces heavy
informational requirements: it would require data on average incomes for different
sub-sectors with very different water intensity; in addition, the water licence data-
base does not allow us to match the licenced water amount with the sub-sector of the
corresponding company. We therefore use the agricultural sector, which would face
both the heavier load and the most significant revision in water charges, as a bench-
mark for the overall affordability analysis.

An in-depth literature review on the affordability of water pricing (among others,
Galioto et al. 2013, which referred to the context of the Po river basin) returns as
affordable levels of incidence for productive and commercial sectors values ranging
between 0.5% and 3% of net income. Table 18.7 reports the corresponding levels of
annual water charge per L/s. We selected as affordable the incidence level of 1.5%
of net income. In the agricultural sector this would correspond to an annual water
charge equal to 54.86€ L/s (0.014€/m? on average).

This rescaled value of water charges, although very far from the level ensuring a
full cost recovery (estimated in 788.80 € L/s for farmers and 1577 € L/s for the other
sectors) is 100 times higher than the current charge paid by the agricultural sector.

Table 18.6 Incidence analysis (agricultural sector)

Discount Full cost recovery Incidence on average net income of
rate cA (€/L/s) farmers (€)
5% Mean | 0.083 | 1322.17 36%
Median | 0.066 | 1043.44 29%
6% Mean |0.072 | 1141.54 31%
Median | 0.057 | 900.89 25%
7% Mean | 0.063| 999.51 27%
Median | 0.050 | 788.80 22%

$Data are available at: www.regione.piemonte.it/agri/area_statistica/agridata/dwd/webpie12.pdf
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Table 18.7 Simulated annual water charges per L/s versus incidence on net income
(agricultural sector)

Incidence
level 0.5% |0.75% | 1.00% | 1.25% 1.50% |1.75% |2.00% |2.50% | 3.00%
Mean € € € € € € € € €
18.29 |27.43 |36.57 (4572 |54.86 |64.01 |73.15 |91.44 |109.72
Median € € € € € € € € €64.11
10.69 |16.03 |21.37 |26.71 |32.06 3740 |42.74 5343

Table 18.8 Piedmont region, revised water pricing

Type of Current Revised charge
Sector charge UoM charge CcA cP Total | Minimum
Irrigation and | Charge | € per L/s 0.56 5486 |1.42 56.42 | 100
agriculture Charge2 | €perha 1.22 5486 142 5642
Commercial Charge € per L/s 11.72 110 0.89 110.89
Household Charge € perL/s 2.37 110 0.89 110.89
Industrial Charge €perls 175.94 110 0.89 110.89

For the other sectors, assuming a new charge of 109.72€ (obtained using the same
water price, for the case of a licence of 1 L/s per firm, but for the entire year), the
charge increases around 10 times for commercial activities and 55 times for the
domestic sector. Only in the case of the industrial sector the new charge would be
lower than the current one.

The final rescaled water charges are shown, by sector, in Table 18.8. The total
revised charge is the sum of C%, as simulated in Table 18.7, and C¥, that is the cost
of water protection measures (Table 18.4) spread among uses according to their
water use.

Finally, minimum payments are standardised for each use at 100 €/year. This
value has been identified by the Regional authorities as the annual administrative
cost for the management of each licence.

18.4.3 Revenues Simulation Under the Water Charges Reform

Using the database containing the complete population of the water abstraction
licences and water charges of the Piedmont Region (GE.RI.CA.), we calculate the
revenues under the current scheme of water charges and the reformed one. This is
done here as a static exercise, without considering the elasticity of water demand. In
reality, the very objective of reforming water charges is inducing a water-saving
change in behaviour; the change in the burden that water charges impose on eco-
nomic activities is therefore expected to increase in reality less than calculated in
this section. A simulation of distributive impacts taking into account also water
consumption and crop portfolio adjustments is done by Sapino and colleagues
(Sapino et al. 2020).


http://ge.ri.ca
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Using the average flow rate of current licences as a proxy of 2017 water abstrac-
tion levels and under the assumption of inelastic demand, annual revenues would
increase, in aggregate, from 57 mln € to 82 mln € (Table 18.9), potentially generat-
ing a substantial fiscal space to finance new measures for the protection and restora-
tion of water resources.

Agriculture, responsible for the largest use of water, is the sector most affected
by the charge increase. Annual revenues collected from irrigation licences would
increase from 3.5 mln € to 26 mln €. On average, agricultural companies would face
an increase in annual water charges of +17.12% with respect to 2017. The strongest
increase affects consortia or farmers associations holding licenses for large quanti-
ties of water then shared among associates. The burden increases very slowly, due
to the system of minimum payments, for farmers up to the 70th percentile in terms
of water consumption (Fig. 18.1).

The burden of out-of-network water charges, in terms of overall collected reve-
nues, remains almost unchanged with respect to 2017 for the other sectors consid-
ered here. For the industrial sector we measure an average increase of 0.43%, 0.67%

Table 18.9 Current and simulated revenues

Revenues 2017 | Simulated Average Average

Sector ©) revenues (€) difference (€) variation (%)
Irrigation and 3,512,602 25,973,720 6395.45 17.12
agriculture
Commercial 282,301 318,646 19.68 0.13
Household 1,030,374 2,970,673 1170.97 0.67
Energy 46,266,146 46,266,146 0 0
Industrial 5,944,309 6,367,245 390.31 0.43
Total 57,035,732 81,896,430 1522.87 13.68
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Fig. 18.1 Annual water charges by consumption percentiles



18 Environmental and Resource Costs Assessment and the Case for Reforming. .. 451

Share of Revenues 2017 (%) Share of Simulated Revenues (%)

0,49
10,42 1,81

81,12
3,63
+ IRRIGATION & AGRICULTURE : COMMERCIAL =IRRIGATION & AGRICULTURE - COMMERCIAL
HOUSEHOLD ENERGY HOUSEHOLD ENERGY
+ INDUSTRIAL =« INDUSTRIAL

Fig. 18.2 Current and simulated revenues

for households, and 0.13% for commercial uses. As mentioned in Sect. 18.3, the
simulated reform is not implemented on the energy sector, the revenues from which
in Table 18.9 and Fig. 18.2 are kept constant to 2017.

As discussed in previous sections, the reform proposal described in this chapter
is inspired by the objective of linking water charges to water use in order to provide
an incentive to virtuous and sustainable behaviour. The shares of revenues from
water pricing resulting from the revised system would indeed reduce the distance
between withdrawals and contribution characterising the status quo. In 2017, irriga-
tion and agriculture accounted for 6% of total revenues from water charges; under
the reform scenario, with the same level of use they would account for almost 32%
of revenues. If water charges for energy uses remained unchanged, the relative
weight of the energy sector on total revenues would be reduced from 81% to 56.5%;
it should be recalled however that also a reform of hydroelectric concessions is
under way, in compliance with Law no. 12/2019. All other sectors, that would be
affected negligibly in terms of payments, would observe a reduction in the share of
total revenues they generate (Fig. 18.2).

18.5 A Spatial Analysis of Pressures and Revenues

We developed a comprehensive geo-localised dataset of water abstractions, water
quality and revenues from water charges in order to conduct a spatial analysis of the
status quo, in terms of both withdrawals and revenues, and to compare it with the
reform scenario. Specifically, we analyse the spatial correlation between pressures
and revenues to assess the consistency of the reform design with the user/polluter-
pays principle. The spatial analysis also provides some insight into the appropriate
scale for water management policies. We show that the introduction of the proposed
scheme for determining water charges would substantially improve compliance
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with the WFD, particularly with respect to the recovery of environmental costs con-
nected with water resource use.

Results from the spatial analysis are then validated by a statistical analysis that
demonstrates a correlation between nominal withdrawals and overall payments for
water higher under the revised scheme than with the current scheme of water
abstraction charges.

Figure 18.3 portrays the spatial distribution of public water licenses (abstraction
points). We notice that the greatest concentration of withdrawals is in the plains in
the southwestern part of the Region, where we find the urban area of Turin and
agricultural land devoted in particular to the intensive cultivation of corn. In the
northeast of the Region, where we find a dominance of rice crops, we observe a
lower concentration of abstraction points. Nevertheless, if we move from the num-
ber of points to the intensity of use (the flow rate per point, Fig. 18.4a), the picture
changes substantially.

We employ an interpolation technique, the Inverse Distance Weighting (IDW)
method, to obtain a snapshot of the spatial distribution of water withdrawals at the
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Fig. 18.3 Spatial distribution of abstraction points
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Fig. 18.4 (a) Spatial
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Regional scale. Immediately evident is the very large use of water resources in the
northeast, near the border with Lombardy, in correspondence with the rice produc-
tion area cultivated with the traditional seasonal flooding technique.

Figure 18.4b presents the spatial distribution of revenues with the current system
of water charges (excluding energy), highlighting a concentration of large contribu-
tors in the industrial districts of the metropolitan area of Turin in the centre of the
Region (automotive), of Biella in the northeast (chemical and textile) and of the
Crescentino area in the east (mainly chemical). Figure 18.4c (simulated revenues
with the proposed water pricing system), compared with Fig. 18.4a (water with-
drawals), highlight the move towards a closer compliance with Article 9 of the WFD.

This insight is statistically confirmed by a correlation analysis between water
withdrawals and the current and reformed revenues (Table 18.10). The Pearson
index shows that there is a strong positive correlation (0.944) between withdrawals
and the revised water charge.

An alternative way to measure the degree of compliance of the water pricing
system with the user/polluter-pays principle is by constructing Lorenz curves rela-
tive to average values (at the water basin level) of nominal withdrawals, and of cur-
rent and revised revenues (Fig. 18.5). A perfect alignment of the revenue curve with
withdrawals (in black) would represent a perfect correspondence between the pres-
sure exerted by users on water resources and their payments for water abstraction.

The distribution of the proposed revised charge (in green) moves closer than that
of current charges (in red) to the distribution of abstractions. A perfect alignment is

Table 18.10 Correlations Current charge | Revised charge
measures and user/polluter- Pearson index 0.284 0.944
< orincin] S . .
bays prmetpe Confidence interval (95%) | [0.270; 0.298] | [0.942; 0.945]
p-value 0,000 0,000
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prevented by the presence of minimum payments and the weights introduced in Eq.
(18.2) to take into account the qualitative status of water bodies.

18.6 Conclusions

This chapter describes the pioneering attempt by the water authorities of the
Piedmont Region, in the northwest of Italy, to envision a system of public water
abstraction charges based on the assessment of the environmental costs entailed by
water use. The reform design endeavours to face and explore the practical difficul-
ties and constraints that arise when implementing Article 9 of the WFD in the real
world, and to work as a testing ground for more general reforms of the Italian sys-
tem of water pricing.

The fundamental point in the proposed system is to make the burden of water
pricing proportional, for users, to the impact their use of water imposes on the envi-
ronment. Such impact arises from the environmental cost both of subtracting
resources to freshwater ecosystems, where they provide a variety of supporting,
regulatory, and recreational services; and of returning water to ecosystems, after
human use, in a state qualitatively degraded with respect to the original one, harm-
ing aquatic life and environmental quality. In addition, the reform design takes into
account that the marginal damage caused by abstracting water and by returning it
polluted also depends, in turn, on the quantitative and qualitative status of the con-
cerned water body.

Precondition for implementing any incentive-based pricing reform is the diffu-
sion of flowmeters to measure the actual abstraction by each licence-holder: effi-
ciency of water use is attainable to the extent the pricing method affects the demand
for water.

Water abstraction controls, technically feasible and in place in several parts of
the world, still have little diffusion in Italy. In Piedmont, some progress is under
way after they have been made compulsory by a Regional regulation issued in 2017
as ex-ante conditionalities to access funding from the EU’s CAP. There is probably
scope for EU and national level policy guidelines in this domain.

Reforms of abstraction charges such as the one presented here, however, do not
necessarily need to wait for a complete adoption of metering devices before being
introduced. A transitory phase with water charges calculated on nominal withdraw-
als rather than on the actual quantities withdrawn would not be able to elicit the full
potential incentive to use water efficiently, but would still represent a progress
towards the internalisation of the externalities of water use. In addition, it could
itself serve the purpose of fostering the diffusion of meters — for example, by using
the maximum rather than the average flowrate of licences as the base for calculating
water charges for users who have not installed a metering system, or by allowing
charge reductions as incentive for the transmission of water abstraction measure-
ment data in real time.
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Moving from the theoretical determination of an efficient water charging scheme
to its practical implementation requires quantifying the value of the environmental
damage associated with water use, and we have shown with this work that, despite
data limitations that forced several approximations, it is doable. More sophisticated
options for monetary valuation are available, and can be explored in further research
and case studies. Here we have chosen, at several junctions, the option that would
lead to approximate environmental costs by default. This notwithstanding, the esti-
mate of the costs imposed on the environment by the current patterns of water use
points to monetary values that would be considered, if we decided to recover them
through water pricing, a disproportionate share of net incomes, particularly for agri-
culture. The same result was found by Galioto and colleagues for the case of the
Emilia-Romagna Region (Galioto et al. 2013).

On the ground of the affordability principle, the final step of the designed water
pricing system provides for a rescaling of the environmental-cost-recovering water
charges compatible with the maximum incidence a community deems appropriate.
In our simulation, we set a cap for the incidence of water charges at 1.5% of net
annual incomes. It is very unlikely that this would represent an unaffordable burden
for companies using public water as an input in their production process, in any sec-
tor. Yet, it represents a move towards recognising water as an essential collective
asset of high economic value, which requires to be protected from depletion and
degradation, and whose use in economic activities should respect the same logic of
efficiency and minimisation of wastage that apply to the use of energy or any other
productive input.

The significant rescaling made necessary by the affordability analysis conserves
nonetheless the proportionality of users’ contribution to the level of damage caused
by their own extractions and by the qualitative state of the water as they return it to
the environment. Where the state of the returned water is affected by non-point
forms of pollution, as for example nitrates and pesticides, and hence environmental
monitoring authorities cannot ascertain a direct connection with specific sources,
the median value for the ecological status of the sub-basin where the abstraction
takes place is used to determine water charges for users in that area. This introduces
a principle of joint responsibility among users of a common resource.

The objective of revising water pricing is not raising revenues, but introducing a
well-defined and specific incentive to conserve and protect a precious resource. For
it to be effective, a crucial point is the elasticity of demand for water. A correct esti-
mate of how the demand for water reacts to price increases is necessary to better
investigate the distributive impacts, but even more to understand how large the mar-
gin for improving water efficiency is. If water requirements and polluting discharge
were substantially a rigid constraint for the economic activities involved, then the
proposed system would merely imply a redistribution of resources from users/pol-
luters to the larger society. This would still represent a move towards the implemen-
tation of Article 9 of the WFD and would help generate fiscal space for environmental
protection and restoration measures, but would have limited incentive potential for
changing water use behaviour.
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The system design aims at being simple enough to facilitate implementation and
transparency, but also adaptive to specificities of local contexts. The calculated
licence charge can be modulated through reductions for particular categories of
activities, such as, for example, agricultural activities classified as High Nature
Value Farming or with organic certifications, industrial activities with environmen-
tal certifications (e.g., EMAS), activities of particular socio-economic significance
(e.g., activities in mountain environment or other marginal areas, or contribution to
management of flood events).

Last, but not least, are the questions of consumptive versus non-consumptive
uses and of the relationship between irrigation and groundwater recharge. In
Piedmont the most employed irrigation techniques are irrigation by flow (66.62%)
and submersion (29.89%) (INEA 2011). Moreover, 96.5% of the Regional irriga-
tion is considered to be of low efficiency. There appears to be potential for increases
in water efficiency through a reform of water pricing. However, the transition from
a low-efficiency to high-efficiency irrigation systems optimizes the use of water by
plants and leads to water saving, but in doing so it decreases the quantity of water
that percolates into the aquifers and contributes to their recharge. This, in turn, in
some contexts, may impact negatively on feasible groundwater abstraction rates and
reduce the dilution of groundwater NO3 concentrations. The ideal system of water
pricing, towards which we should be working in the future, ought to be formulated
in terms of water balances, rather than withdrawals — although maintaining a focus
on the qualitative features of the returned water.
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