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ABSTRACT

The Water Framework Directive (WFD) states tha&&ll member states must implement water tariffs
in order to recover the costs of water servicesis T9tudy analyses the consequences of the
hypothetical implementation of different instruneerior irrigation water pricing (area, volumetric,
two-part tariff and block-rate), studying their iegé on the sustainability of irrigated areas. The
empirical application has focused on the Campasictisn the Spanish province of Palencia. To this
end, we constructed simulation models based ortiymshathematical programming (PMP), which
enabled us to simulate farmers’ behaviour in tree faf the various pricing instruments analysed.
Running these models for every type of farm andimpgi scenario considered, we obtained a
multidimensional set of sustainability indicatorecgnomic, social and environmental). These
indicators were subsequently used to construct mposite indicator (ClIA) to measure overall
sustainability performance of irrigated farms imén Spain. The results show how pricing irrigation
water will have a negative impact on overall sushility, since their economic (profitability) and
social (generation of employment) sustainabilityl wiecline, while only a slight improvement in
environmental sustainability will be achieved. Hoee it was shown that, in order to fulfil WFD

requirements, block-rate pricing performance isliést in terms of the CIIA index.

Keywords: Water policy; Irrigated agriculture; Sustainalyilit Composite indicators; Positive

mathematical programming.
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1. Introduction

The continued rises in water demand in Spain reflex growing relative scarcity of this
resource. This situation has led to an intense tdelbout efficiency in water use in the
agricultural sector, which is the main consumewater (75% of total national consumption
in 2004; INE, 2008). The apparent poor managemettis resource in Spanish irrigation
(large water losses and its application to croph wow profitability and that require little
labour) has served as an argument for requiring,aasindispensable solution, the
implementation of demand policies, typical of a tara” water economy, especially water
pricing (Molle and Berkoff, 2007).

The situation of water economy maturity is not w&do Spain, but is shared by other
states in the European Union (EU), which is whyEhedecided to develop a common policy
for water management. The result was the apprdvirective 2000/60/EC of the European
Parliament and Council, which establishes a franikevi@ community action in the field of
water policy (in short, the Water Framework Direetior WFD). Following the
aforementioned current of thought, the WFD hasbéisteed water pricing as the European’s
preferred water-demand control policy (art. 9). Theective obliges member states to apply
tariffs for water use before 2010, with the aimpobviding adequate incentives for users to
use water resources efficiently. It thus aims tatgbute to achieving the environmental

objectives (the “good status” of water bodies) lesthed in the Directive.

Although water pricing is an environmental requiesy the logic on which the
instrument is based is purely economic. In thisardg irrigation farmers, according to
economic theory, will respond to the increase ie firice of water by reducing their
consumption, following a demand curve with a nagasilope, thus relieving the quantitative
pressure on water bodies. In any case, pricingtafi@ot only the demand for irrigation water,
but also has other economic, social and environah@fitects. The scientific community has
made intensive studies of the multi-dimensionalaoip of pricing irrigation water. From the
extensive literature, we may highlight the studiagied out in Spain by Varela-Ortega et al.
(1998), Berbel and Gomez-Limdn (2000), Gomez-Linadd Riesgo (2004) and Iglesias and
Blanco (2008). However, it is worth pointing outathall these studies were limited to
studying the multi-dimensional impact of pricingepenting the performance of different
politically relevant indicators separately. Givdnststate of the art, it is relevant to point to

the need to continue advancing along this lineeskarch by applying methodologies that



permit a joint analysis of the indicators analysedfar to be carried out, with the aim of
establishing an overall judgement about the impbes of this economic instrument on

irrigation sustainability.

Similarly, a review of the current literature sholWwew most previous studies have
considered volumetric pricing as the only meanapylying the cost-recovery instrument. It
would therefore appear to be just as relevant tbopa a deeper analysis of other ways of

applying this economic instrument, via a studyha differential effects of these alternatives.

This paper thus attempts to deal with the two af@mtioned gaps in knowledge. The
objective of the study was to develop a methodolmygnalyseex-antethe impacts of the
implementation of a range of alternative instrursefdr pricing irrigation water on the
sustainability of irrigated agriculture. To achietreés goal, the innovative element of this
study lies in its use of a composite sustainabilitigex. The proposed methodology was
applied, as a pilot experience, to a real irrigaagdcultural system: the farming district of
Campos in the Province of Palencia. The aim ofstiey is to demonstrate the utility of the
proposed methodology as a working tool for tectamsiand policy decision-makers, to help
them design and implement the most suitable insgnisn for improved governance of

irrigated agricultural systems.

We have structured the paper as follows. This tuotory section is followed by a
description of the study area used for the empignalysis. The third section offers a detailed
description of the methodology employed. The fowg#lation analyses how the simulation
models were formulated. The fifth section is a swanymof the results, while the paper
finishes with a section that discusses our mairciosions.

2. Case study

The empirical application of this research focueasthe farming district of Campos,
located in the centre of the Northern Spanish platéen the province of Palencia. Its high
altitude (between 700 and 800 m.a.s.l.) and lorsgjadce from the sea give it a clearly
continental climate, with an average rainfall ofolaxd 500 mm per annum, spread
heterogeneously over the year (most of the raihifahutumn, and to a lesser degree, in
spring). Under such climatic conditions, irrigatagriculture is the only means of breaking
the rainfed monoculture of winter cereals typichlttte area, allowing the introduction of

summer Crops.



Irrigated agriculture in the Campos district covarsurface of 37829 hectares, which
accounts for 14.5% of its utilised agricultural ai@AA), which is distributed among 2096
farms (the average irrigated farm has 18.0 harigfated land). It is important to highlight the
existence of major differences in the structuréheffarms, as there are both small farms (less

than 5 hectares) and much larger (over 50 hectares)

These areas were transformed into irrigated lanthénlatter half of the 2D century,
thanks to the construction of significant regulateystems for the headwaters of its main
rivers (Pisuerga and Carrion) and of the correspgndrigation channels for transporting
these surface waters. These infrastructures argclyubwned and are managed by the Basin
Authority (Confederacion Hidrogréafica del Duer€HD). Besides these infrastructures, there
exists a secondary distribution network. This isoapublicly owned, but is managed and
maintained by the communities of irrigators, aasge entities for communal management

of irrigation water.

The allocation of water to the communities of iatigrs by the water authorities is around
8000 ni/ha annually. The water is measured at the entramdee main irrigation channels.
However, it is important to bear in mind that thransport efficiency through the main
channels is 80.3%, while the distribution efficigribrough the secondary network is 85.5%
(CHD, 2007).The average amount of water which digtuaaches the plots is thus about
5500 mi/ha annually. The techniques of sprinkler irrigatiand furrow irrigation occupy

almost 50% of all the irrigated land each.

The most important irrigated crops in this areavairger cereals (wheat and barley) with
49.8% of the total surface, alfalfa (26.3%), sulgeet (9.9%), maize (9.4%) and sunflower
(4.6%) (data for 2008).

Irrigation water pricing is currently based on %efi quantity depending on the irrigated
area, which in turn comprises three different itefisstly, there are two tariffs paid to the
CHD: a) theregulation fee for management of the infrastructures controbgdthis public
body (main reservoirs and channels), which is s&24/ha per year, and b) theater use
tariff, for use of the publicly owned secondary netwawkich ranges between €10 and
€30/ha per year, depending on the characteristittese networks in the various irrigated
areas. On top of these fees comedbetributionscharged by the communities of irrigators

themselves to cover secondary network operatingraaidtenance costs; these range between



€20 and €30/ha per year. Together, the total fedsetpaid for irrigation water in the study
area come to between €55 and €80/ha peryear

This area was chosen in order to study a real batle on account of its technical
characteristics, in that it is representative ofu@gh inland irrigated agricultural systems,
where the multifunctional character of irrigatediagiture is perfectly clear (Gémez-Limén
and Gémez-Ramos, 2007), and for practical reas@ndhe good availability of high-quality

data (see section 3.5).
3. Methodology

3.1. Alternatives for irrigation water pricing

Taking into consideration the different alternatmethods applicable for irrigation water
pricing (Tsur and Dinar, 1997; Johansson et alQ22(Easter and Liu, 2005; Molle and
Berkoff, 2007), as well as the particular charastess of the case study (public irrigated
lands and surface water resources), we selectetblibaving four instruments as being of

greatest interest for their potential implementaiimthe area:

» Pricing per unit irrigated area This is based on water pricing per irrigated aest
irrespective of the crop produced. This pricingteysis similar to that currently used in
the area, except with the difference that the ftasifnow paid per unit irrigated area
(whether or not the water is used), while the psgbinstrument only charges for areas
which are actually irrigated. In consequence, aledidferent scenarios are proposed for
the simulation in our case study, in which thisrgeaincreases progressively from €0 to
€500/ha per year. These values were selected gearmind the current average payment
for water services (see above section) and thecdstefor increases as a result of
implementing the WFD (CHD, 2007).

= Volumetric pricing This considers an irrigation water pricing schebesed on the
volume of water used. For this purpose, elevenrngitevels have been selected, ranging
from €0.00 to €0.10 /fh These values were selected for their interestraappropriate
range for the application of the cost-recovery gple required by the WFD (Goémez-
Limén and Riesgo, 2004).

! Considering an average water allowance of 558Banit implies a volumetric pricing of €0.010-€050’.



= Two-part tariff systemThis is a combination of the two alternative prgisystems
described above, which levies a fixed tariff pecthee actually irrigated and a volumetric
tariff on irrigation water. Nine new different tHrilevels have been generated by
combining three fixed tariffs per hectare (€50, @ #nhd €150/ha per year) with three
levels of volumetric pricing (€0.02, €0.04, €0.08)m

= Block-rate pricing This instrument is based on setting differentlateater prices, which
increase progressively based on the band or blbakater consumption (Bar-Shira et al.,
2006). We found it appropriate to define three kéoof water consumptién The first
applies to consumption between 0 and 300thay the second between 3000 and 6000
m°/ha and the third greater than 600&/lma. Bearing in mind the price levels considered
for volumetric pricing, four alternatives were geated for this pricing method. Their

structure is given in Table 1.

Table 1. Water pricing alternatives for the block-rate system

Block-rate Water price (€/nr)
water allowance Alternative 1  Alternative 2  Alternative 3  Alternedi 4
0 - 3000 n¥ha 0.01 0.02 0.03 0.04
3000 - 6000 riha 0.02 0.04 0.06 0.08
> 6000 ni/ha 0.03 0.06 0.09 0.12

To finish this section, it is important to clarifigat in three of the instruments based on
the water used (volumetric, two-part and block¥atee volume of water to be paid for is that

made available to the farmer on his plot of land.

3.2. Decision-making heterogeneity and cluster gsial

Modelling farming activity at agricultural systeravel (or at any other level that deals
with a set of individual farms) implies problemsaggregation bias. Indeed, modelling a set
of farms in a unique programming model overestismdlte mobility of resources, allowing
the modelled farms to combine resources in propastihat are impossible in the real world

(Hazell and Norton, 1986). This aggregation bias @aly be avoided if the farms included in

%2 The threshold value for each block is based orctbe irrigation requirement and the irrigationteology.
Thus, the first threshold refers to winter cerdalbeat and barley) with sprinkler irrigation (theost efficient
technique) and the second to sunflower as well spttinkler irrigation.



the models fulfil strict homogeneity criteria (Day963): technological homogeneity,

pecuniary proportionality and institutional proponality.

The irrigated area under consideration as a cas#y sis located within a single
agricultural county. Hence, bearing in mind climaed soil-quality homogeneity, and
technological, institutional and market charactarss the case study area may be regarded as
a unit that fulfils the above-mentioned homogeneiiteria. It therefore seems reasonable to
assume similar behaviour for all farmers in thedgtarea, which would mean that the
operation of the water pricing instruments beingsidered could be analysed through a
single simulation model with relatively small prebis of aggregation bias. However, such
homogeneity in producers” behaviour rarely existthe real world. Thus, although they have
a similar resource base, farmers in the same dignialisystems typically display significant
differences in their production decisions. For tiegigson, in order to minimize the aggregation
bias in simulation, it is necessary to classifynfars in terms of homogeneous groups with
regard to their crop mixes (Berbel and Rodrigu®@88), which include farmers with similar

cost and net revenues functions (pecuniary prapmatity and technological homogeneity).

In order to develop a typology of producers, weveyed the irrigators in the area, with
the aim of gathering information on crop mixes thatuld allow the farmers’ production
schemes to be characterised (see Section 3.59.iffftormation was used in order to apply a
cluster analysis, which utilises farmers’ actuabpcrmixes as classification criteria. This
statistical technique took Euclidean squared dcstaas a measure of distance among actual
crop mixes (vector crop area expressed in percegfaghe Ward or minimum variance

method was utilised as the aggregation criterion.

3.3. The simulation technique: positive matheméapecagramming

Positive mathematical programming (PMP), which wesgeloped by Howitt (1995), is a
mathematical modelling technique based on a caitrasystem, which establishes a non-
linear cost function that allows the same cop-mstribution as the one observed in the real
world to be reproduced, by using the informationtamed in the dual values of the decision

variables (crops).

The standard calibration procedure described by itigh995) is based on three steps.
The first step consists of building a Linear Progmaing (LP) model in order to obtain the
dual-value variables for each of the activitiesops) considered. The following step uses

these variables to calibrate the cost functiorhefihdividual crops. Finally, in the third step
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the cost-function parameters are used to defineralinear objective function that will

reproduce the base-year crop distribution. OncePti® model is calibrated, it allows the
productive pattern behaviour of farmers to be satmd when they face a new economic
(products and/or inputs prices, subsidies, etcpamative (productive constraints) context

that affects the agricultural sector.

However, the original method has been criticizedd aome shortcomings of this
technique have been identified (Heckelei and BA®Q5; Henry de Frahan et al., 2007). This
has led to further development of the PMP with diva of mitigating the drawbacks of the
original approach. In line with this, R6hm and Datib(2003) present an extension of the
PMP which permits a higher degree of substitutietwieen similar crops (called ‘variant
activities’), rather than between other less simdeops (activities). Thus, the concept of
variant activities can be applied to either the satnop that is grown under different
techniques (e.g. irrigated and rainfed) or croplragng to the same family (Rohm and
Dabbert, 2003). This property is very suitableittentifying relevant water-pricing scenarios

since farmers would presumably substitute irrigatexbs for rainfed.

The mathematical formulation of this extension b& tPMP can be summarized as
follows®. Bearing in mind the different activitie§) @nd the possible varianty, (the initial

model takes the following formulation:

MaxTGM =33 (p, O, —¢, +s,,)x,, + SFP [1a]
Subject to:

Z;(&;)S ZZ}:(&OI) [1b]
Yl )X )are) o [1q]

I J

X < Xi?j (1+‘92) O, [1d]
E,>& [1e]
xi’j >0 Di, j [lﬂ

3 For detailed information about the mathematicaleflgpment of this PMP approach, see R6hm and Dabber
(2003).



Eq. [1a] represents the LP model objective functimhere TGM is the total gross
margin. The TGM is calculated as the sum of thesgmargins resulting from each activity.
For this reason, the objective function is logigal function of the area allocated to each
crop, xj (hectares devoted to cropwith variantj). Thesex;; are regarded as the decision
variables of the model. In order to calculate th8M it is also necessary to have the
following technical coefficient data: pricgi( ), yield ;;), variable costq;) and Common
Agricultural Policy (CAP) direct subsidies, couplaal the production per unit ares;j. It
also includes the single farm payment (SFP), whgtbased on the farmers’ historical

payments.

The above-mentioned model presents a set of camtstravhich can be interpreted as
follows: Eg. [1b] limits the total agricultural ldravailable, wheIXi(,),- represents the crop-mix
observed in the base year. Eq. [1c] representsdhstraints for total activities, wheegis a
small positive number. Finally, Eq. [1d] represetiis constraints for the variant activity,
with & another small positive number that must satisfy[Ee].

The addition of Egs. [1c] and [1d] forces an opfirealution in the LP model that

reproduces the activities observed in the base M(,);D. As a result of the introduction of

these two constraints, the model solution genetatslual values for the different activities.
Eq. [1c] produces the dual values of activ Aand Eq. [1d] the dual values of the variant
activity/‘i,j .

Once the dual values have been obtained, theysa® to calibrate the cost function of
the individual activities. These parameters are aked to define the new objective function

for the PMP model. Thus, Eq. [2] introduces thesobye function of the extended version of
the PMP:

A+A A 2
MaxTGM=) > 1% ;| ¥,y | L+ ————— x,-——'_x}%-—q, +SFP [2]
'ZIZ{ { J ]( YiiBi; yi,jpl,jxi?j J yi,ipi,ixi(,)i b

This PMP approach as simulation model has beenqugly adopted by Key and Kaplan
(2007), Schmid et al. (2007), Gallego-Ayala and ®s+himdn (2009), Henseler et al. (2009)

and Cortignani and Severini (2009), among others.



3.4. Calculating the composite sustainability iredar

With the aim of calculating the Composite Indicafir Irrigated Agriculture (CIIA), we
have followed the methodological guidelines sugegdty the OECD-JRC (2008) regarding

the creation of composite indicators. The mosiviaie aspects are given below.

3.4.1. Theoretical framework and selection of basiécators

The first step was to select a set of indicatoas Would make it possible to quantify the
sustainable performance of the irrigated farms uchsa way that they would allow
information to be collected about the performande tlie three basic sustainability
dimensions: economic, social and environmentalriBgan mind the modelling possibilities
using mathematical programming, this paper hasidered 12 indicators, based on the
proposed set of indicators developed by Gomez-Liarih Sanchez-Fernandez (2010) for the

same agricultural system, which are shown in Table

Table 2. Selected basic indicators

Sustainability

dimensions Indicators Measurement units

Economic Total Gross Margin (TGM) €/ha
Contribution to the regional GDP (CONGDP €/ha
Farm employment (EMPLT) Man-day labour /ha

Social Seasonal labour (SEAS) %
Risk of farming abandonment (ABAND) %
Specialization (SPEC) %
Soil covering (SOILCOV) %
Nitrogen balance (BALN) kg N/ha
Environmental Phosphorus balance (BALP) kg P/ha

Pesticides risk (PESTRISK) kg/ha
Water consumption (WATER) tha
Energy balance (ENBA) kcal/ha

Source: Based on Gémez-Limdn and Sanchez-Fern€202@).

Each one of these indicators is briefly explainetbb:
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Total gross marginThis is the difference between revenue (sales safn$idies, both
coupled and uncoupled, included in the SFP). Tlesggmargin thus obtained can be

considered as a valid estimate of the private faoility of the farming activity.

Contribution of agriculture to GDPThis indicator is a proxy for the creation of whal
from farming activities for society as a whole.ist calculated by deducting all the
subsidies from the previous indicator and addirggaimounts paid to the authorities in the

form of water tariffs.

Farming employmentThis indicator aims to quantify the contribution thfe farming
sector to rural development and to territorial bak (fixing population, income
distribution, etc).

Labour seasonalityThe demand for labour from farming is closelyatet to the crop

production timetable, which at certain times regsira concentration of labour
requirements. Thus, this indicator quantifies tleendnd for farm labour at peak periods
during the year, which may be regarded as a smitabtimator to measure farming’'s

contribution to maintaining the rural population.

Risk of abandonment of farmin@ngoing production in farms is linked to two farst
(EEA, 2005): a) the farmer's age and b) the farprefitability. Gémez-Limén and
Sanchez-Fernandez (2010) defined aah hoc index that takes values from the range
between 1 (when the farm-owner is less than 55syelar and when the farm produces a
higher than average income for the area) and Or{whe owner is over 70 years old, does
not have an assured successor and the income pdovdthe farm is less than 50% of the

average income in the area).

Specialisation This indicator measures the percentage of tha favered by the main
crop, thus quantifying the tendency of the farmmonocropping. In this regard, this

indicator provides information about farming bioelisity.

Soil coverage This indicator represents the percentage of dayshe year on which
vegetation covers the soil. This indicator can thasegarded as a proxy for the risk of

soil erosion.

Nitrogen/phosphorus balanc&his balance is obtained by the difference betwtnen
nitrogen/phosphorus content of the inputs used rmodyction and that of the
corresponding outputs. This difference indicatee #mount of nitrogen/phosphorus

11



released each year into the environment, whichesgmts an estimate of the impact of

irrigated agriculture on the ecosystem through pomt pollution.

» Pesticide risk This indicator is quantified by estimating theattes of living organisms as
a result of the action of the active matters presethe pesticides applied. This indicator
provides information about the toxicity releasetbithe environment through the use of

agrochemicals.

= Use of irrigation water The quantity of water used for irrigation the ntitive pressure

that agriculture applies to bodies of water to Basured.

= Energy balanceThis is similarly calculated via an input-out@gproach, by measuring
the difference between the energy present in thaifig inputs used in production plus
the energy necessary to perform the farming wakd,the energy in the crops harvested.
This indicator aims to quantify the contributionigigation as a C@sink (reduction of

greenhouse effect gases), and, therefore, as gamoitiof climate change.

3.4.2. Normalisation of indicators

Normalisation is essential before indicators carapgregated, since these have usually
been calculated using different units of measurénigrey therefore need to be expressed in
homogeneous units in order to allow them to be @megh and to perform arithmetical
operations on them. In our case, of the variousmabsation techniques available
(Freudenberg, 2003), we decided to employ “min-matmalisation, so that the values of all
the normalised indicators would vary within a dirsiemless range (0,1), where O corresponds
to the worst possible value of the indicator (ite least sustainable) and 1 to the best (most

sustainable).

3.4.3. Indicator weighting

Once the indicators have been normalised, the s&xge is to allocate weights and
aggregate them. The OECD-JRC (2008) lists a nurabenethods for both weighting and
aggregating the indicators. Our study opted forrttethods most often used in this type of

exercise.

Weighting makes it possible to differentiate théatige importance of the various
indicators considered. We used the weights predeimeGomez-Limén and Sanchez-
Fernandez (2010), calculated by means of the Aicabiierarchy Process (AHP). This
technique was first applied to a representativepdaraf the population of Castilla y Ledn
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region (survey of 321 individuals), with the aim aftaining the weights of the three basic
components of sustainability, enabling us to caleulthe relative importance of the set of
economic, social and environmental indicators. $hme technique was then applied to a
panel of 16 technical experts from universities aedearch institutes, with the aim of
obtaining the weightings of the base indicatorst@imed in each of the three basic
dimensions. The weight given to each of the basstasnability components and to the

different base indicators is shown in Figure 1.

Figure 1. Weights for sustainability dimensions andasic indicators

Main goal | Agricultural sustainability L
Weights of Economic sustainability Social sustainability Environmental sustainability
criteria (society) Weco = 28.5% W soc = 39.9% W eny = 31.7%

: 4 A/A/ v \\;
\S[\ilebl(?::zr?; W rGm W coneppP W empPLT W seas W ABAND W spec W soiLcov W BALN WgaLp Wpestrisk | W waTER W EnBA
(experts) 70.1% 29.7% 38.5% 13.6% 40.5% 7.4% 15.0% 16.4% 8.8% 20.2% 17.9% 23.4%
\’,\‘Vgirgmhzilslzed W rGm W* congop W*EmpLT W*seas W* ABAND W*spec | W*soicov | W*ean W¥gap | W*pesTrisk | W*waTer W*Enga
(subcriteria) 20.0% 8.5% 15.4% 5.4% 16.2% 2.4% 4.8% 5.2% 2.8% 6.4% 5.7% 7.4%

Composite Indicator for Irrigated

Aggregation Agriculture (CIIA)

Source: Based on Gémez-Limén and Sanchez-Ferngpd&Q).

3.4.4. The aggregation of the indicators

We opted to aggregate the indicators performingegghted sum of their normalised
values. The overall composite indicator for irriggtagriculture (CIIA) was first obtained by
weighting the sum of the different base indicatassshown in the following formula:

ClA = izw*k a, [3]
=1
wherew  is the normalised weight associated with indickt@nd |y is the normalised value
of indicatork.

13



However, in order to analyse and differentiate tiedative importance of each
sustainability dimension (economic, social and emmmental), partial composites indicators

were also obtained for each of them, using theWalg expressions:

k=2
C”Aeconomic = Z W*k u k [4]
k=1
k=5 .
ClHA (g = D Wi O 5]
k=3
k=12 .
C”Aenvironmer'(al = z Wk D k [6]
k=6

3.5. Source of the input information for the modeld indicators

The information needed as inputs for the simulatrwdels, as well as for calculating the

sustainability indicators, was collected from bptimary and secondary sources.

The primary information was obtained from a sureéyfarmers in the study area. We
drew up a questionnaire to collect information dlibe socioeconomic characteristics of the
owners, the structural characteristics of theimigr their crop plans and the agricultural
practices and techniques they employed. The sampleerse was comprised farmers with
irrigated land in the Campos district: 2096, acawgdo the last Agricultural Census. Given
the practical impossibility of performing a simpindom sampling, we opted to use quota
sampling based on affiliation of the producers iffecent Farmers’ Unions (ASAJA, UPA
and COAG). The survey was performed at the timenn@AP aid applications were due to
be completed (March-April 2008), as this bringsrfaswners to the offices of these Unions,

thus easing the work of the interviewers. This pchoe produced 111 valid questionnaires.

The information collected enabled us to charaaehs diversity of farms in the area and
to establish the farm-types in the district. Thevey was also the main source of information
for the building of the simulation models and c#tion of the base indicators selected for

the empirical application.

The sources of secondary information made it ptess$dcollect the data needed for the
models and to calculate the base indicators, eslpeiri those cases in which this information
is uniform for all the producers in the area: otitand input prices, coefficients of nitrogen,
phosphorus or energy contents in inputs and outmedter requirements for irrigated crops,
efficiency of irrigation systems or pesticide tagic
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4. Modelling

4.1. Defining irrigated farm types in the study are

By employing the cluster technique described inise@.2, four homogeneous groups of

farmers with their respective farm types could @entified. The following characterisation

comments on the most important variables for whatdtistically significant differences

among the different clusters were found:

Cluster A. This first group includes the highest percentagéaohers sampled (37.8%),
and accounts for 41.5% of the total area analy$bedse farmers manage mixed farms
(irrigated and rainfed land) with an average sitel2b hectares, where irrigated land
occupies 31% of the area. As a differentiating abi@ristic in comparison with the other
groups of farmers, the most extensive practiceilgmum tillage (75% of the total farm
area). Likewise, the predominant irrigation teclogyl is furrow irrigation (62% of the
irrigated area). The most important irrigated crapghis group’s crop-mix are winter
cereals and alfalfa, which are sown to 51% and B&pectively of the irrigated area. The

group has been calledninimum tillage cereal growets

Cluster B. The second group comprises 19.8% of the samplarofers, and accounts for
17.5% of the total irrigated area under study. Tamens managed by these farmers
average 101 hectares, of which 42% are irrigatdte farmers in this group employ
conventional tillage (100% of the surface), and leygdurrow irrigation (59% of the

irrigated area). Their main irrigated crops are teiincereals (46%) and alfalfa (23%),
followed by sunflower (12%) and maize (10%). Foegh reasons, we labelled this group

“conventional farmers with diversified production

Cluster C. The third group includes 31.5% of the farmers, aoting for 29.4% of the
total irrigated area. This group operate farms @5 hectares, of which 48% is irrigated
land. As inCluster A minimum tillage predominates (74% of the totafface); however,
sprinkler irrigation is most widely employed (66% the irrigated area). Irrigated
production is oriented towards cereals and alf@#o and 30%, respectively), although
the group also devoted a significant area to sbgat-(12%). We named this group

“minimum tillage and sprinkler irrigation cereal-saigbeet growers

Cluster D. The final cluster comprises the lowest number aofmfrs in the sample

(10.8%), and likewise accounts for the lowest sigfarea in the area under study
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(11.6%). These farmers manage farms that average 122 hectaite 40% of the area
irrigated. This group has adopted direct sowinthasdominant tillage system (80% of the
total surface), and its favoured irrigation techusqgis furrow irrigation (71% of the
irrigated area). The main irrigated crops in tlsi-type are winter cereals, which cover

almost 70% of the irrigated area. This group wéasllad ‘direct sowing cereal growets

Based on the results obtained in defining the faypes, it is worth pointing out how
these homogeneous groups of farmers are charactdns their crop plans, as well as the

tillage techniques and irrigation techniques dsed

The above farm-types made up the basic units diysisaused construct the simulation
models. Our aim was to minimise the aggregatios biacussed in section 3.2. A different
model was therefore built for each group of farmers order to be able to simulate
independently for each conglomerate the effectshefalternative irrigation water pricing
methods. The results obtained for each group odywmers were subsequently aggregated at
district level by weighting the sum of the results each farm-type, based on the area

represented by each of them.

4.2. Decision variables

The decision variables considered for building #aulation models were the areas
devoted to each of the most common crops in thdystuea X;;). However, due to the
differences in cost and existing yields, we fouhdnbst appropriate to characterise these
activities on the basis of three factors: cropigation technology and tillage techniques.
Thus, bearing in mind only the combinations actuaied by the farmers in the area, a total
of 34 decision variables were selected, as showrabie 3.

* The ANOVA and chi-squared tests of significancefafmers’ socio-economic characteristics and farms’
structural characteristics on clusters revealedtatistical relationships among them.
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Table 3. Decision variables for the study area

Irrigation Furrow Sprinkler Rainfed
technology C M D C M D C M D
Tillage technology T T S T T S T T S
Wheat X X X X X X X X
Barley X X X X X X X X X
Oat X X
Green peas X X
Sunflower X X X
Alfalfa X X X X X
Grain maize X
Green maize X X
Sugar-beet X X

CT: Conventional Tillage; MT: Minimum Tillage; D®irect Sowing.

In this regard, it is worth pointing out that th@dels developed were designed with the
aim of simulating the productive behaviour of tle¢ sf farm-types analysed, including both
their irrigated areas, whether these were usedrgated or rainfed crops, and those which

are purely rainfed (with no possibility of irrigati)®.

With the aim of making the simulation models mdexible and allowing a greater level
of substitution among various activities when faseth changes in water pricing policy
(substitution of irrigated crops for rainfed crop#)ree groups of activities were defined,
following the extension of the PMP developed by Rééind Dabbert (2003). These groups
are: a)winter cereals comprising the variant activities wheat, barleyl aats, both irrigated
and rainfed, bpunflower made up of the variant activities irrigated sangr and rainfed
sunflower, and calfalfa, with the variant activities irrigated alfalfa arainfed alfalfa.

4.3. Modelling of pricing per unit irrigated area

The model built for simulating implementation offized fee over the irrigated area

appears below:

® The modelling of irrigated and non-irrigated plofghe farm as a whole management unit represents/elty
in this study, compared with the previous literatuin which only irrigated farm plots are modellékhis
approach may prove to be more suitable for expigitie farmers’ behaviour, since their decisiomsppbably
based on an overall assessment of their farmsgrréthn focusing exclusively on the irrigated drthe farm.
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A+A, A A
Max Y. P -l X - X et
ZZ{ [ ! J[ TN y.Jp.,x,xj T QJ}

[7a]
+SFP-t, DZZX |
5

Subject to:
Total area constraint: ZZ]: X, < AREA [7b]
Total irrigated area constraint: lz]zx'l < AREAyigateq [7c]
Sprinkler irrigation area constraint Izjz)ql < AREAyinier [7d]
Alfalfa rotation constraint ZJ: Xar-crj * Z]: Xar-ur j < 055X AREA [7e]
Sugar-beet CAP constraint Xsug-ct + Xsug-wr < 50% Sstzzrrizttc;l:;;a [71]

Alfalfa market constraint

Z yalf —CT,j Xalf -CT,j + Z yalf =MT,j Xalf -MT,j < I:)rOduCtlOrt]mes.eriesmaximum [79]
j j

Non-negativity constraint % 20 i, | [7h]

Equation [7a] represents the objective functionicihs adjusted to the expression [2]
already explained above. This includes the feearpgated areds, that would be charged for
the crops and variants actually irrigated (indidatey the sub-indices’ andj"). The
parameters of this fee was set taking values rgnfigom €0/ha to €500/ha.

The first constraint [7b] limits the crop area trettotal area (irrigated plus rainfed)
actually available on the farmrAREA. Constraint [7c] limits the irrigated area to @nailable
irrigated areaAREAvigated). INdeed, as this is a short and medium-term madaisformation
of rainfed lands into irrigated ones is not peredttFor the same reason, the possibility of
introducing innovations in irrigation technology svaot included. Therefore, the area using
sprinkler irrigation (crops and variants indicatey indicesi”™ andj"™) is limited to the area

currently irrigated using that techniqUEREAprinker), as established in expression [7d].
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The constraint [7e] was included so that the optmauop plans resulting from the model
would respect the agronomic restrictions of alfgifawing. Expression [7f] was incorporated
in order to permit appropriate simulation to be mad the restructuring of the sugar-beet
market following the latest reform of the Commonrké Organization (CMO) for sugar. In
accordance with this reform, sugar-beet growers @rkged to abandon 50% of the
production of this crop from the 2008/2009 sea$onwhich they will be compensated with
€40 for each tonne that they had delivered on @eedarring the four-year period 2004-2008
(quantity which is included, duly annualised, withhe SFP). Finally, expression [7g] is the
market constraint relating to alfalfa, conditiondy the amount of livestock in the

surrounding areas.

The set of constraints [7b], [7c], [7d], [7€], [/[Y9] and [7h], which was common to all

simulations, is referred to below AX<B.

4.4. Modelling of volumetric pricing

The model for simulating the implementation of woktric water pricing is as follows:

VaxY'S {“Aimij A A J+ . R oep
ax %l Yii B - ' X~ X |1*s; -G~
i R Yiib Y pi,jxi?j : Y.JIO.JXOJ ! Efig ; [8a]
Subject to:
General constraint AX<B [8b]

wheret,, is the volumetric irrigation water tarifyR,; are the water requirements of the crop
I,j andEfic; is the efficiency associated with the irrigati@chnique used for that crop. The

parameters fok, were also set between €0.00 and €0.20/m

4.5. Modelling of the two-part tariff system

The application of a two-part irrigation water pnig system was simulated using the

following model:

YiiPi  YiiBX Yii P&

+SFP-t, Dzzx,j
irgr

A+A. /1i,‘ A WR
MaXZZ{ [yll IJ{:H - ] o KT 0 XIJ+51, -G, —t, FEfiql }+
[9a]
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Subject to:

General constraint AX<B [9b]

In this case the values ¢f vary between €50 and €150/ha apdakes values which
range between €0.00 and €0.0&/m
4.6. Modelling of block-rate pricing

Equation [10a] defines the objective function usedimulate the productive behaviour
of the farm-types under a system of block-rateipgidor irrigation water:

y_p_[1+/1i+/]i,j_ A X - A XJJr
Maxd D% 0 YR YR YRR +SFP [10a]
] +3,j _Q,j _[tm [63000'0')+th [G,B_a_)"'tm@—]

Subject to:
General constraint AX<B [10b]
Il
. : o Efig .
First block water constraint ZJZ‘ +a-[=3000 [10c]
Xi,'
i :
Yy
. if ir Eflq
Second block water constraint z'z’ +y—9=600( [10d]
)ﬁ,'
i l
Non-negativity constraint:@20; 82 0; y20; 620 [10e]

wherety; (t,1 = €0.01, €0.02, €0.03 and €0.04)mefers to the unitary water tariff for the first
block of water consumption applied to the volum@@a derived from expression [10d],
(twz= €0.02, €0.04, €0.06 and €0.08)ris the unitary water tariff corresponding to Sezond
block of water consumption, which charges the gtyamft-, which is deduced from the
expressions [10c] and [10d], afd (tss = €0.03, €0.06, €0.09 and €0.12%ris the third tariff
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corresponding to the third block of water consumptiwhich is charged for the volunde
derived from the expression [10d].

4.7. Calibration of the models

It is worth pointing out that the different PMP nadsl built for this research were
calibrated bearing in mind the crop mix followed thg producers in the 2007-2008 farming
year (Baseline scenario), where the regulatory énaark of the CAP refers to the Mid-Term
Review approved in 2003 (partial decoupling of supp However, faced with the
subsequent change in the CAP and the implementatiothe 2009 Health Check (total
decoupling of production support), the change @ @AP was also taken into consideration
when the various economic instruments for irrigatieater pricing were simulated. This was
done in order to give greater meaning to the resalitained, and thus to allow us to
differentiate the impact on farm sustainability agesult of the CAP reform (Mid-Term

Reform to the Health Check) and the subsequen&img@htation of water pricing.

5. Results

The resolution of the models described above miagessible first, to obtain results for
each farm-type. Subsequently, through weightedesggdion of these partial results, we have
obtained the results for the whole irrigated systéfowever, in order to summarise the
presentation of the results, this section focusethe analysis of the aggregated results for the
Campos district, as these are the most importargudpporting political decision-making. In
any case, Table A-3 in the appendix also presdr@snmpact of the different scenarios by

farm-type.

Tables A-1 and A-2 show the values of the basecatdrs for the study area as a whole
in each of the simulated pricing scenarios. In ease, in accordance with the methodology
adopted for evaluating sustainability, the overabults are presented on the basis of the
values obtained for the CIIA composite indicatod ats dimensional components (CHA
CllAsocand CllAg).

Taking into consideration the results obtainedtl@ CIIA index, it is worth pointing out
first, that the recent change in the CAP (applaraiof the Health Check) will have in itself
only a slight negative effect on the sustainabitifyirrigation farming in the study area. This

negative impact is expressed through the reduafdhe composite sustainability indicator,
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which falls from a value of 0.69 (Baseline scengt®0.65 (scenario following application of
the Health Check - without application of any waidcing), as can be seen in Table 4. In this
regard, it is worth nothing that the fall in theswinability performance of irrigation is due to
two basic issues: a) total decoupling of productgupport, which encourages greater
extensification of production (introduction of réed crops in irrigated areas), which in turn
reduces the generation of added value and workensocial performance of farming, and b)
the reform of the CMO for sugar, which will meamthhe area devoted to sugar-beet (a crop
with high added value and one which plays an ingrdrsocial role due to its high demand
for labour) will fall significantly in the study aa. Both circumstances explain that the above-
mentioned fall in the CIIA is due to worsening diet farms’ economic and social
performance (observe the CHA and ClIAy indicators in Table 4), without there being

significant variations in environmental sustaindpi{CIIA ¢ny).

Regarding the results obtained for implementingation water pricing, it is important
to point out that, in general terms, the differahtarges generate impacts in the same
direction: a reduction in the sustainability of thegated agricultural system analysed. Thus,
as Table 4 shows, as the different types of wdtarges increase, additional falls take place
in the CIIA index compared to the Baseline scenartte explanation for this lies in the fact
that the farmers introduce new changes in theidgctive strategies as a response to water
pricing, substituting irrigated crops for rainfeldeanatives (production extensification). This
leads to a worsening in the economic and socidbpaance of farming, while environmental
sustainability remaining practically stable. Thesukks shown below analyse how the
productive strategies that farmers will adopt paa different impact on each of the three
sustainability dimensions, and how these impactsiiin differ, based on the different pricing

mechanisms considered.
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Table 4. Simulation results for the Campos district

Water pricing Composite indicators
scenarios CllA o ClHAsoc ClAeny ClIA
Baseline scenario 0.20 0.32 0.17 0.69
Pricing instrument: irrigated area
0 €/ha 0.17 0.31 0.17 0.65
100 €/ha 0.15 0.25 0.17 0.56
200 €/ha 0.12 0.17 0.17 0.46
300 €/ha 0.10 0.11 0.17 0.38
400 €/ha 0.07 0.07 0.16 0.31
500 €/ha 0.05 0.04 0.16 0.26
Pricing instrument: volumetric tariff
0.00 €/m 0.17 0.31 0.17 0.65
0.01 €/m 0.16 0.26 0.17 0.59
0.02 €/ 0.14 0.20 0.18 0.52
0.03 €/m 0.12 0.15 0.18 0.46
0.04 €/m 0.11 0.12 0.18 0.42
0.05 €/n 0.10 0.11 0.18 0.39
0.06 €/ 0.10 0.09 0.18 0.37
0.08 €/m 0.08 0.07 0.18 0.32
0.10 €/nd 0.06 0.04 0.18 0.28
Pricing instrument: two-part tariff system
0 €/ha + 0.00 €M 0.17 0.31 0.17 0.65
50 €/ha + 0.02 €/fn 0.13 0.17 0.18 0.48
50 €/ha + 0.04 €/t 0.11 0.12 0.18 0.41
50 €/ha + 0.06 €/M 0.10 0.09 0.18 0.36
100 €/ha + 0.02 €/in 0.12 0.14 0.18 0.44
100 €/ha + 0.04 €/in 0.10 0.10 0.18 0.38
100 €/ha + 0.06 €/in 0.08 0.07 0.17 0.32
150 €/ha + 0.02 €/in 0.11 0.11 0.18 0.39
150 €/ha + 0.04 €/in 0.09 0.08 0.17 0.34
150 €/ha + 0.06 €/t 0.07 0.05 0.17 0.29
Pricing instrument: block-rate system
0.00 - 0.00 - 0.00 €/in 0.17 0.31 0.17 0.65
0.01-0.02-0.03 €/in 0.15 0.21 0.18 0.55
0.02 - 0.04 - 0.06 €/in 0.14 0.16 0.18 0.48
0.03-0.06 - 0.09 €/in 0.13 0.12 0.19 0.44
0.04-0.08-0.12 €/in 0.13 0.10 0.18 0.41

With regards to economic sustainability, we can Hesmt as the different levels of
irrigation water pricing are implemented, the parfance of the CllA, worsens, thus
reducing the overall sustainability of the farmisygstem analysed. This erosion of economic
viability of irrigated agriculture is due to thectathat these economic instruments produce a
significant reduction in farmers’ private profitity (TGM indicator), produced both by the
payments which they must make to the authoritiethenform of fees (transfer of income
from the private to the public sector), and becafsghanges in their crop plans (substitution
of irrigated crops by other rainfed land crops waWwer added value). It is therefore clear that
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the losses in private profitability arising from tea pricing lead to a loss in economic
efficiency, to the extent that the losses are grehtan the money collected by this instrument
and passed to the public sector. This inefficieiscgquivalent to the reduction in the farms’
profitability caused by the changes in the cromglalrhis explains why the reduction in the
TGM indicator is more marked than the increasehm ¢ontribution to the GDP (CONGDP
indicator) indicator, with the result that the overall reséitir economic sustainability
measured by the CIll,index is negatively affected. These results aragreement with
those provided by Berbel and Gomez-Limén (2000) @ddnez-Limon and Riesgo (2004)
from other irrigated areas of the Duero river basin

Along the same lines, it is important to point tww those pricing instruments which
take into account the actual consumption of irigatwater (volumetric and block-rate
pricing, which transmit the cost signal for wateseumore directly) lead to less reduction in
the CllA¢, index compared to tools that price water irresggecbf actual consumption
(pricing by irrigated area). In fact, for the casfeblock-rate pricing (for the four simulated
price scenarios), the economic index falls by oB03£6. These differences in behaviour
caused by the different instruments occur becaofenetric pricing and block-rate pricing
minimise the appearance of the above-mentionedogcmninefficiency (reduction of farm
profitability due to the introduction of crops witbwer added value), to the extent that these
pricing systems basically lead to a transfer obme from the private sector to the public
sector. However, it must be stated that this isydnle for low volumetric tariffs; as the
amount of the charge increases, the losses in fatnmzomes increase to a greater extent

than the rise in public sector revenues; thatis Jével of inefficiency similarly increases.

Furthermore, the introduction of pricing would sianly damage the social sustainability
of irrigated land in the study area. It can be skew the values of the Cllg. index fall
rapidly and significantly as the charges for irtiga water increase. This is due to three
causes: a) the loss of direct employment in irrcgafreduction in the EMPLTndicator), due
to the reduction in demand for work as a consequeasfcsubstituting irrigated crops for
rainfed land crops which are less labour-intenspjethe increase in the seasonality of labour
demand (SEAS indicator), caused by the changeop plans, and c) the increase in the risk
of farm abandonment (ABAND indicator), which is aspect closely linked to the loss of the
farm income for the reasons mentioned above. In ase, unlike the Cll&,index, the

development of the social component of sustairtgdibes not display significant differences
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as a result of the pricing instrument used; thdygaherate a significant decrease in the
CllAsocindex.

From the point of view of environmental sustaind@pi(CIIA ¢n), it is important to point
out that the implementation of irrigation watergommg has an almost neutral effect, as can be
seen from the results obtained (see Table 4). Tre=sdts may at first seem counterintuitive.
However, it is important to understand that they amreflection of the offsetting in terms of
the CIllAen that occurs between the positive and negative enmental externalities
associated with irrigation water pricing. It is tefore worth pointing out that the introduction
of water pricing generates an improvement in theTR base indicators (reduction in the
guantitative pressure of irrigation on water resegj and PESTRISK (reduction in the
release of plant protection products to the envirent). However, at the same time, the
values of the SPEC indicator (increase in singtgcfarming of winter cereals on non-
irrigated land - reduction in biodiversity), SOIL&Jincrease in the risk of wind and water
soil erosion), BALN and BALP(increase in diffuse contamination by nitrogen and
phosphorus derived from farmiffggnd ENBA (reduction in the irrigation system’sieifncy
as a CQ sink) worsen. This mixed environmental effect ofcjp;lg means that once the
different base indicators have been weighted, tie &, index remains relatively stable when
this type of water tariff is applied. In any caseslightly beneficial effect can be seen for
volumetric and block-rate pricing instruments (Whitake actual water consumption into

account).

6. Conclusions

Given the results obtained in this paper, the fimtclusion that we can reach refers to
the practical utility of using composite sustaitiégpiindicators as a tool for improving
governance of the agricultural sector. Indeed,ube of composite sustainability indicators
makes it possible to implement a complicated concgych as agricultural sustainability,
allowing joint consideration of economic, sociablamvironmental indicators. These indexes

can then offer potentially useful information foulpic decision-makers in charge of

® The increased pressure caused by the use of eitragd phosphorus is also counterintuitive in teofghe
literature. The cause of these results for the stsdy lies in the relative importance of alfalfaiirigation, a
legume crop with virtually zero balances of nitrogad phosphorus. Indeed, in most cases, waténgitauses
the abandonment of this crop in irrigation andréplacement by rainfed winter cereals, which hagreater
demand for chemical fertilizers than alfalfa.
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designing and implementing the programmes of measiar new water plans required by the
WFD. As with this study of the case of irrigatiorater pricing, such a methodology is
suitable for ex-ante analysis aimed at comparing the potential impadtsalternative
instruments and setting selection criteria for éhasstruments. The aim would be to select
those measures whose implementation in the irdgateas would lead to a more balanced
performance of the different sustainability dimems (economic viability, social

acceptability and eco-compatibility).

Our results also highlight the differential impaofsthe different pricing instruments on
socioeconomic and environmental indices. Howevercan detect a series of effects that are
common to all of them: a) a significant reductionquantitative pressures (extraction from
river flows), and b) the generation of damagingrecnic effects (loss of private irrigation
profitability) and social effects (loss of employmiegenerated by the sector). These results
agree with the conclusions obtained by previousaeh. In terms of the composite indicator
calculated (CIIA), these dimensional effects woukhd to a reduction in the overall

sustainability of the agricultural system analybede.

However, it is important to bear in mind that iaigpn water pricing is not merely an
option, but a mandatory measure that has beenlisstd by the WFD for all member states
of the EU. The requirement is based on the prethiseestablishing cost-recovery pricing is a
suitable instrument for achieving the Directivefsseonmental objectives (the “good status”
of water bodies). However, the results obtained aestrate that although pricing is effective
for achieving the planned objective, it may notthay efficient, insofar as this water pricing
policy also generates substantial costs which needbe taken into account, both
socioeconomic (profitability and employment) ancemvenvironmental (erosion risk, GO
capture etc). This leads to certain doubts abaustiitability of the lexicographic order of the
objectives pursued by the WFD, in which achieviragiseconomic and environmental
objectives that are different from improving thet@raenvironment are legally subordinate to
improving the status of water bodies.

Whatever the merits of water-pricing instrumentsganeral, block-rate pricing would
appear to be the most suitable instrument foratrggn water pricing policy, in that it is the
alternative that generates the least reductionhen €lIA index (as that which makes it
possible to maintain greatest overall sustaingbilit the irrigated area). However, it is
important to mention that if this instrument was temanding, by applying high prices to

each block (full recovery of financial, environmahtnd resource costs), it could lead to
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large-scale abandonment of irrigation due to itsionomic unsustainability. For this
reason, it is reasonable to suppose that in thdy sdvea there are objective reasons which

justify derogating the application of water pricjrag established in the WFD itself.

Finally, it should be noted that the results of dpplication performed may not easily be
extrapolated to other irrigated areas outside thstilla y Le6n region. As we have made
clear, the operability of the CIIA index has beead® on the assumption that agricultural
sustainability is a “social construction”, whichmea to quantify the ability of farming to
satisfy a range of social demands (economic, s@cidl environmental). Consequently, the
values of the composite indicator used depend oticpkar weightings of the base indicators
established on the basis of such social demandsjrathe case of Castilla y Ledn, social
aspects assume a greater importance than othastssipethis regard, any transfer of benefits

to other space-time contexts must be made witlesdrcaution.
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Table A-1. Non-normalized basic indicators for theCampos district

Economic indicators Social indicators

Environna¢mdicators

Water pricing scenarios TGM  CONGDP EMPLT SEAS ABAND SPEC SOILCOV BALN BALP PESTRISK WATER ENBA
(€/ha) (€/ha) (Mday/ha) (%) (%) (%) (kg N/ha) (kg P/ha) (kg/ha)  (m%ha) (kcal/lha)
Baseline scenario 481.70 270.04 11.51 0.52 0.01 9.772 0.74 33.68 28.59 686.36 6577 1.16 10
Pricing instrument: irrigated area
0 €/ha 468.15 239.20 11.31 0.53 0.03 30.93 0.74 32.30 .69 593.64 6482 1.07 10
100 €/ha 423.29 309.51 10.79 0.55 0.12 33.52 0.74 32.16 .0B0 560.54 6429 1.03 10
200 €/ha 385.76 346.76 9.85 0.60 0.20 37.19 0.73 32.81 520. 513.10 6033 1.00 10
300 €/ha 355.80 358.25 9.09 0.65 0.26 40.33 0.72 33.01 9430. 471.37 5629 9.62 10
400 €/ha 331.76 358.94 8.65 0.67 0.33 42.60 0.72 32,72 2631. 443.28 5427 9.18 10
500 €/ha 312.43 348.94 8.33 0.69 0.35 44.54 0.72 3195 38B1l. 426.63 5347 8.88 10
Pricing instrument: volumetric tariff
0.00 €/m  468.15 239.20 11.31 0.53 0.03 30.93 0.74 32.30 .6429 593.64 6482 1.07 10
0.01 €/m 438.82 286.12 10.75 0.56 0.09 32.74 0.74 32.98 9429 565.30 6217 1.06 10
0.02 €/m 415.17 306.95 9.78 0.61 0.14 35.55 0.73 3437 3730. 523.26 5594 1.05 10
0.03€/m 397.20 311.18 9.03 0.66 0.18 37.75 0.72 35.37 7230. 488.03 4965 1.03 10
0.04 €/m 382.68 320.00 8.74 0.68 0.21 38.86 0.72 35.53 980. 467.94 4695 1.00 10
0.06 €/mM 356.82 346.10 8.60 0.69 0.26 40.28 0.72 35.15 3631. 443.02 4650 9.49 10
0.08 €/m 333.45 367.36 8.49 0.69 0.31 41.50 0.72 34.48 4ARB1. 431.48 4672 9.27 10
0.10 €/m 312.25 380.26 8.38 0.70 0.35 42.72 0.72 33.83 6431. 42047 4702 9.07 10
Pricing instrument: two-part tariff system
0 €/ha + 0.00 €/th 468.15 239.20 11.31 0.53 0.03 30.93 0.74 32.30 .69 593.64 6482 1.07 10
50 €/ha + 0.02 €/ 399.80 328.07 9.55 0.62 0.17 36.49 0.72 34.05 4530. 509.29 5532 1.03 10
50 €/ha + 0.04 €/ 371.69 347.32 8.86 0.67 0.23 38.94 0.72 3455 9630. 465.98 4911 9.74 10
50 €/ha + 0.06 €/ 348.19 376.69 8.74 0.68 0.28 40.21 0.72 34.03 20B1l. 447.82 4930 9.37 10
100 €/ha + 0.02 €/in 383.53 338.74 9.19 0.64 0.20 38.05 0.72 3421 680. 488.77 5317 1.0110
100 €/ha + 0.04 €/in 357.85 357.68 8.74 0.67 0.26 39.96 0.72 3428 131. 453.56 4923 9.50 10
100 €/ha + 0.06 €/ 335.61 383.14 8.64 0.68 0.30 41.13 0.72 33.61 2731. 441.06 4973 9.25 10
150 €/ha + 0.02 €/in 368.79 346.30 8.91 0.66 0.23 39.42 0.72 34.22 9(B0. 471.08 5142 9.83 10
150 €/ha + 0.04 €/fn 345.05 364.25 8.62 0.68 0.28 40.99 0.72 33.96 2631. 444.66 4930 9.36 10
150 €/ha + 0.06 €/in 323.99 383.85 8.52 0.69 0.33 42.14 0.72 33.26 361. 433.55 4994 9.14 10
Pricing instrument: block-rate system
0.00-0.00-0.00 €/t 468.15 239.20 11.31 0.53 0.03 30.93 0.74 32.30 .69 593.64 6482 1.07 10
0.01-0.02-0.03 €/t 426.37 312.13 9.97 0.60 0.11 34.76 0.73 34.43 2730. 534.08 5660 1.06 10
0.02-0.04-0.06 €/th 399.74 364.33 9.21 0.64 0.17 37.33 0.72 35.02 620. 496.08 5161 1.03 10
0.03-0.06-0.09 €/th 381.74 398.09 8.72 0.68 0.21 38.84 0.72 35.68 0131. 464.39 4642 9.96 10
0.04-0.08-0.12 €/t 364.26 449.33 8.64 0.69 0.24 39.68 0.72 35.63 361. 444.71 4583 9.57 10
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Table A-2. Normalized basic indicators for the Camps district

Water pricing scenarios Economic indicators Social indicators Environna¢imdicators
TGM  CONGDP EMPLT SEAS ABAND SPEC SOILCOV BALN BALP PESTRISK WATER ENBA
Baseline scenario 0.88 0.23 0.76 0.92 0.97 081 .680 0.57 0.55 0.13 0.11 0.81
Pricing instrument: irrigated area
0€/ha 0.82 0.12 0.72 0.86 0.92 0.77 0.69 0.64 0.48 0.32 0.14 0.61
100 €/ha 0.60 0.36 0.62 0.77 0.68 0.68 0.67 0.65 0.45 0.39 0.16 0.51
200 €/ha 0.41 0.49 0.44 0.57 0.47 0.55 0.62 0.61 0.41 0.49 0.30 0.43
300 €/ha 0.27 0.53 0.29 0.39 0.30 0.43 0.58 0.60 0.38 0.57 0.44 0.34
400 €/ha  0.15 0.53 0.21 0.28 0.17 0.35 0.57 0.62 0.36 0.63 0.51 0.24
500 €/ha 0.05 0.49 0.14 0.19 0.06 0.28 0.56 0.66 0.35 0.67 0.54 0.17
Pricing instrument: volumetric tariff
0.00 €/ 0.82 0.12 0.72 0.86 0.92 0.77 0.69 0.64 0.48 0.32 0.14 0.61
0.01€/mM  0.67 0.28 0.61 0.76 0.76 0.71 0.66 0.60 0.45 0.38 0.23 0.56
0.02€/mM  0.56 0.35 0.43 0.54 0.63 0.61 0.60 0.53 0.42 0.47 0.45 0.54
0.03€/M  0.47 0.37 0.28 0.34 0.53 0.53 0.56 0.47 0.40 0.54 0.67 0.50
0.04 €/M  0.40 0.40 0.22 0.26 0.45 0.49 0.55 0.46 0.38 0.58 0.76 0.43
0.06 €/ 0.27 0.48 0.20 0.21 0.31 0.44 0.57 0.48 0.35 0.63 0.78 0.31
0.08€/M 0.16 0.56 0.18 0.18 0.18 0.39 0.57 0.52 0.34 0.66 0.77 0.26
0.10 €/ 0.05 0.60 0.15 0.15 0.06 0.35 0.57 0.56 0.33 0.68 0.76 0.21
Pricing instrument: two-part tariff system
0 €/ha+0.00 €M 0.82 0.12 0.72 0.86 0.92 0.77 0.69 0.64 0.48 0.32 0.14 0.61
50 €/ha + 0.02 €/  0.48 0.42 0.38 0.49 0.55 0.57 0.59 0.55 0.42 0.50 0.47 0.49
50 €/ha + 0.04 €/(h  0.34 0.49 0.25 0.30 0.39 0.48 0.56 0.52 0.38 0.59 0.69 0.37
50 €/ha + 0.06 €/(h  0.23 0.59 0.22 0.26 0.26 0.44 0.58 0.55 0.36 0.62 0.68 0.28
100 €/ha + 0.02 €/in  0.40 0.46 0.31 0.40 0.45 0.52 0.57 0.54 0.40 0.54 0.55 0.44
100 €/ha + 0.04 €/in  0.28 0.52 0.22 0.27 0.31 0.45 0.57 0.53 0.37 0.61 0.68 0.31
100 €/ha + 0.06 €/fn  0.17 0.61 0.20 0.24 0.19 0.41 0.57 0.57 0.36 0.64 0.67 0.26
150 €/ha + 0.02 €/ 0.33 0.48 0.26 0.33 0.37 0.47 0.56 0.54 0.39 0.58 0.61 0.39
150 €/ha + 0.04 €/in  0.21 0.55 0.20 0.24 0.24 0.41 0.57 0.55 0.36 0.63 0.68 0.28
150 €/ha + 0.06 €/fn  0.11 0.61 0.18 0.21 0.12 0.37 0.57 0.59 0.35 0.65 0.66 0.23
Pricing instrument: block-rate system
0.00-0.00-0.00 €/  0.82 0.12 0.72 0.86 0.92 0.77 0.69 0.64 0.48 0.32 0.14 0.61
0.01-0.02-0.03 €/  0.61 0.37 0.46 0.58 0.69 0.64 0.61 0.52 0.43 0.44 0.43 0.57
0.02-0.04-0.06 €/  0.48 0.55 0.31 0.40 0.54 0.54 0.57 0.49 0.41 0.52 0.60 0.51
0.03-0.06-0.09 €/  0.39 0.66 0.22 0.25 0.44 0.49 0.55 0.46 0.38 0.59 0.78 0.42

0.04-0.08-0.12 €/  0.31 0.83 0.21 0.22 0.35 0.46 0.57 0.46 0.35 0.63 0.80 0.33




Table A-3. Simulation results by farm-type

Water pricing
scenarios

Minimum tillage cereal growers

Conventional farmers with
diversified production

Min. tillage and spray irrigation
cereal-sugar-beet growers

Direct sowing cereal growers

CllAgeo CllAgo. CllAg,, CIIA CllA¢co CllAgoc CllAg,, CIIA CllAeeo CllAgoe CllAg,,  CIIA CllAgco CllAgoe CllAgny  CIIA
Baseline scenario 0.19 0.32 0.16 0.67 0.22 0.35 0.18 0.76 0.20 0.32 0.18 0.71 0.16 0.28 0.18 0.62
Pricing instrument: irrigated area
0€/ha 0.17 0.30 0.15 0.62 0.20 0.34 0.17 0.72 0.18 0.30 0.19 0.67 0.14 0.26 0.18 0.59
100 €/ha 0.14 0.24 0.15 0.53 0.18 0.30 0.17 0.64 0.16 0.24 0.18 0.58 0.12 0.20 0.18 0.50
200 €/ha 0.12 0.17 0.15 0.44 0.15 0.23 0.17 0.55 0.13 0.17 0.18 0.48 0.09 0.12 0.19 0.39
300 €/ha 0.09 0.10 0.15 0.35 0.12 0.18 0.17 0.47 0.10 0.11 0.18 0.39 0.07 0.08 0.18 0.33
400 €/ha 0.07 0.06 0.15 0.28 0.10 0.14 0.16 0.40 0.08 0.06 0.18 0.32 0.04 0.05 0.18 0.27
500 €/ha 0.05 0.03 0.15 0.23 0.08 0.10 0.16 0.34 0.06 0.03 0.18 0.27 0.02 0.03 0.16 0.21
Pricing instrument: volumetric tariff
0.00 €/ 0.17 0.30 0.15 0.62 0.20 0.34 0.17 0.72 0.18 0.30 0.19 0.67 0.14 0.26 0.18 0.59
0.01 €/ 0.15 0.25 0.16 0.56 0.19 0.31 0.17 0.67 0.16 0.25 0.19 0.60 0.13 0.22 0.19 0.53
0.02 €/ 0.13 0.19 0.16 0.49 0.17 0.25 0.18 0.60 0.15 0.19 0.19 0.53 0.12 0.16 0.20 0.47
0.03€/Mf 0.12 0.14 0.17 0.43 0.15 0.21 0.18 0.54 0.13 0.13 0.20 0.46 0.11 0.13 0.20 0.43
0.04 €/ 0.11 0.11 0.17 0.39 0.14 0.18 0.18 0.50 0.11 0.10 0.21 0.42 0.10 0.12 0.19 0.41
0.06 €/ni 0.09 0.08 0.16 0.34 0.12 0.15 0.18 0.45 0.10 0.07 0.20 0.36 0.08 0.09 0.19 0.36
0.08 €/if 0.07 0.06 0.16 0.29 0.10 0.12 0.18 0.39 0.08 0.05 0.20 0.33 0.06 0.06 0.18 0.31
0.10€/f 0.05 0.03 0.16 0.25 0.08 0.09 0.17 0.34 0.07 0.02 0.20 0.29 0.05 0.05 0.18 0.27
Pricing instrument: two-part tariff system
0 €/ha + 0.00 €/ 0.17 0.30 0.15 0.62 0.20 0.34 0.17 0.72 0.18 0.30 0.19 0.67 0.14 0.26 0.18 0.59
50 €/ha + 0.02 €/ 0.12 0.16 0.16 0.44 0.15 0.22 0.18 0.55 0.13 0.15 0.19 0.48 0.13 0.19 0.17 0.50
50 €/ha + 0.04 €/ 0.10 0.10 0.17 0.37 0.13 0.17 0.18 0.47 0.10 0.08 0.20 0.39 0.14 0.18 0.17 0.49
50 €/ha + 0.06 €/fh 0.08 0.07 0.16 0.31 0.11 0.13 0.18 0.42 0.09 0.06 0.20 0.34 0.14 0.17 0.16 0.47
100 €/ha + 0.02 €/in 0.11 0.13 0.16 0.40 0.14 0.20 0.18 0.51 0.12 0.12 0.20 0.43 0.10 0.11 0.18 0.40
100 €/ha + 0.04 €/t 0.09 0.08 0.16 0.33 0.12 0.15 0.18 0.45 0.10 0.07 0.20 0.36 0.10 0.10 0.18 0.38
100 €/ha + 0.06 €/t 0.07 0.06 0.16 0.29 0.10 0.12 0.17 0.39 0.08 0.04 0.20 0.32 0.09 0.09 0.17 0.36
150 €/ha + 0.02 €/fn 0.10 0.10 0.16 0.36 0.13 0.17 0.18 0.48 0.11 0.09 0.20 0.40 0.08 0.08 0.18 0.33
150 €/ha + 0.04 €/fn 0.08 0.07 0.16 0.31 0.11 0.14 0.17 0.42 0.09 0.05 0.20 0.34 0.07 0.07 0.17 0.31
150 €/ha + 0.06 €/fn 0.06 0.04 0.16 0.26 0.09 0.11 0.17 0.36 0.07 0.03 0.20 0.30 0.06 0.06 0.16 0.29
Pricing instrument: block-rate system
0.00-0.00-0.00 €/t 0.17 0.30 0.15 0.62 0.20 0.34 0.17 0.72 0.18 0.30 0.19 0.67 0.14 0.26 0.18 0.59
0.01-0.02-0.03 €/fh 0.15 0.21 0.16 0.52 0.18 0.27 0.18 0.63 0.16 0.21 0.19 0.56 0.13 0.17 0.20 0.49
0.02-0.04-0.06 €/fh 0.14 0.15 0.17 0.45 0.17 0.21 0.18 0.56 0.15 0.14 0.20 0.49 0.12 0.14 0.20 0.46
0.03-0.06-0.09 €/t 0.13 0.11 0.17 0.41 0.16 0.18 0.18 0.52 0.14 0.09 0.21 0.44 0.12 0.12 0.19 0.43
0.04-0.08-0.12 €/fh 0.12 0.09 0.17 0.38 0.15 0.15 0.18 0.49 0.14 0.08 0.20 0.40 0.11 0.10 0.19 0.41




