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Summary

As the Water Framework Directive (WFD) expects, Italian Regions established new criteria for pricing rules the design,
according to which Reclamation and Irrigation Boards (RIBs) allocate supply costs among users. A novelty is the
attainment of full-cost recovery, introducing mixed tariffs, covering both fixed and variable costs. This paper evaluates
the feasibility and the effectiveness of new water pricing criteria, in northern Italy case-study. Specifically, the impact
of current pricing criteria are compared to a new hypothetical pricing scenario, based on irrigation consumption, land
allocation, and irrigation technology adoption. The methodology followed a two-step approach. First, crops water
requirements, and irrigation reduction effects on crop yields were simulated for different irrigation systems. Then, the
derived water-crop production functions were input into an economic model, following a positive mathematical
programming approach (PMP). Main assumptions were that farmers seek to maximize profits, that observed crop-
designs and water-uses are optimal, and that the authority acts on behalf of its users, aiming to both supply cost
recovery and minimize impact on farm profits. Results highlight that there are no substantial variations between current
and new hypothetical pricing scenarios, for three reasons. First, the variable charge is low, and it does not significantly
affect water consumption. Second, incentive water pricing is feasible only in a limited area, served by pressured pipes.
Third, irrigation water demand is inelastic, and it depends on the distribution system adopted. Moreover, the adoption
rate of more precise irrigation systems would rise by increasing variable charges, when the ratio between fixed and




variable components is flexible, hence also directly affecting irrigation demand. In fact, since fixed costs are usually
greater than variable costs, mixed tariff adoption in this area could both recover water supply costs, and co-finance
subsidies on irrigation technology investments, as was otherwise prevented by latest CAP-reform.
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1. INTRODUCTION

Recently, the regional administration of Emilia Ragna published new guidelines establishing the
criteria for local reclamation and irrigation boartth allocate water supply costs among users. Ttrdseia
are in line with the WFD (2000/60/EC) pricing priples. A novelty is the attainment of full cost ogery,
promoted through the introduction of a mixed tagfimbining a flat rate and a variable charge. phiwides
both a stable minimum revenue to the water supptiiaity and it promotes the adoption of more nadio
irrigation water uses within the consumers’ netwdkkcording to Regional guidelines, the quota gy
costs has to be recovered through a flat rate asadable charge, and it should reflect the distiiin of fixed
and variable costs, incurred by the water supplighority. Fixed cost are supposed to include abpdsts,
full-time labour, ordinary operating and mainteramosts that the water authority supports, regssdiee
amount of irrigation water applied. Variable cosé assumed to comprehend mainly part-time labour,
conveyance and pumping costs that the water atittsupports in relation to the quantity of supplieater.
Those farmers not using water for irrigation, thettcan potentially use it, should contribute quaying for
the flat rate. The flat rate should further difbeth with the distance of fields from the abductsource, and
with the type and density of the conveyance systemch is adopted to supply water to the differgistricts
of the irrigation network. The variable charge ddde tied to the amount of water applied - wheas jgossible
to meter water - or to the alleged uses - whes fiat possible to meter water. In the latter cRsgjional
guidelines suggest to differentiate tariffs witbgmwater requirements, and with the type of irfiigasystems
used. Tariffs for farmers not irrigating - or adagtmore efficient irrigation techniques - shoukdlbwer than
for other farmers.

Several experts support the hypothesis that th@sitipn of volumetric tariffs may affect irrigation
water consumption until marginal revenues equabimat costs, i.e. water price (Grimble, 1999; Radgad
Hellegers, 2005). This rule seldom occurs in pcactis most of the irrigation water is supplied tigto open
canals and users pay for flat rates or accordirajjeéged use of water (Molle and Berkoff, 2007)eRwunder
those circumstances where it is possible to metigiation water consumption (e.g. farmlands serbgd
pressure pipes), manometers for water uses margtonay be exposed to sabotages. The transaction of
incurred costs by the regulator to limit such risigy be in fact so high to preclude the possibilitympose
volumetric tariffs (Cornish et al, 2004). Finalip, those few irrigation networks, where volumetaciff is
adopted, the effects on water uses are negligisl&he irrigation water demand is often inelagtragoso and
Marques, 2013). Even though recent literature ctamsivolumetric charge significantly affecting watees,
some authors highlight that variable charges magritivize a wider adoption of more efficient irriige
technologies, and as a consequence, indirectlgtaftewater the demand for irrigation (Moreno anchd@ng,
2005).
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The present paper contributes enriching this deleaduating the feasibility and the effectivenebs
the pricing criteria discussed previously. Speaific the study draws inspiration from the actudtipg
system adopted by Burana, a Reclamation and liwig&oard (RIB) located in Emilia Romagna, northern
Italy. The study analyses the associated consegaahe to the implementation of the new pricinteda,
both respect to the applied water amounts, lamtatiion and irrigation technology adoption.

The following four sections describe: (i) charaistiies of the case study area, introducing polgsuées and
tariffs scenarios; (ii) the two-steps methodolobegaproach adopted, combining the water-crop prociac
function estimation, and nested in the economidnmopation model, following a PMP approach; (iii)
preliminary results, addressing the impact of auresd new pricing criteria, over the amount ofleggpwater,

policy recommendations.

11 The case study, policy issue and tariff scenarios

The Burana RIB is a consortium administered by shene owners of land properties under its
jurisdiction and it is responsible of the mainteceand operation of the infrastructures for rectaomaand
irrigation services. This territory is enclosedtbg Po river (in the North), the Secchia rivertfie East), the
Samoggia river (in the West), and the Tosco-Emiligpennines (in the South), and it covers 140.000
hectares, of which 16.500 are irrigated.

Open canals cross 90% of the area under the camagurisdiction. These canals play the twofold
functions of reclamation, mainly during the wintand irrigation, mainly during the summer periock$3ure
pipes cross the remaining 10% of the region anémiatdelivered to end-users on demand. Four mdn s
regions are part of the area crossed by open ¢camalghey are characterized by differences itudki (low-
plain and high-plain areas) and in network infrastires. Differences in infrastructures conditidre t
possibility to fix rules (imposition of turns), agell as to impose incentivizing water use tariffé/ater is
priced on a per area basis, in most of the sulpnsgiand on a per hour basis for those farmerg disinow
irrigation in two sub-regions. Arable crops accotort more than a half of the total cultivated anedhe
consortium region (56%) and they are mainly conegetl in the low plain areas. Orchards and vineyard
occupy 8% of the irrigated crop area, and mosheirt are located between low plains and high plegasa
Finally, vegetable crops cover 2% of the total UA#d most of them are located in the low plainaegin
the whole region, irrigated crops tend to be cotre¢ed all along the irrigation network, with theception
of those regions, characterized by lower densithefwater abduction sources. Here, farmers usedgrate
surface water with ground water supply, and therea significant correlation between type of croyp a
distance from water abduction source.

Under the current tariff scenario, the water alth@pplies different tariff strategies among diffat
sub-areas of the irrigation network. Accordingtte tharacteristics of each sub-area, tariffs dferdntiated
with: (i) the distance from the main source of wafi) or the type of crop and type of irrigatisgstem; (iii)
or connected to the hours of irrigation demandydaf farmers applying furrow irrigation); (iiii) roeven
tariffs are proportional to the total farmland. Tihglementation of such different tariff strategibgsthe water
authority is partially justified, by differences ihe irrigation network structure. Its coverag@ad uniform:
for some regions the irrigation network wholly stithe irrigation water demand, while for someenghthe
irrigation network barely reach the field, becatlsy are crossed by different types of irrigati@twork. In
particular, some sectors are served by pressuespimd some others by open canals. In addititiigpsub-
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areas differ for irrigation water demands, sinoesthlast depend on both the main type of crop,oanithe
main type of irrigation technology adopted by farse

Recently publication of regional guidelines - efisdting the pricing rules, according to which e&iB
should accomplish with - brought the Burana RIBjtestion the water charge criteria currently impated
for some sub-areas, and to assess the feasililéyset of alternative pricing options. A new tasi€enario,
which is consistent with the regional guidelinesgéscribed as follows. The regulator is supposechpose
two alternative tariff systems, one for those ditdrserved by pressure pipes, the other for theswrs served
by open canals. Farmers served by pressure pipesanomed to correspond a two-part tariff, witlagrate
related to the cultivated area, and a variable @mapt connected with the applied water amount. Eesm
served by open canals are presumed to correspffis] @ifferentiated with the distance from theimaource
of abduction, with the type of crop and irrigatisystem, and with applied water volumes (only fardw
irrigation). That is, with the new tariffs scenaribe number of tariff options are essentially teoe for those
sectors of the irrigation network served by opemats and one for those sectors served by prepes.

2. METHODOLOGY

In order to assess the relevant impacts of theiquely discussed alternative pricing scenarios, in
relation to irrigation water amount, land uses arigation technology adoption, the authors appketivo-
steps method: 1) Estimation of the production fiamgtboth for the main corps of the district, andthe main
irrigation systems used; 2) Economic modellizatibnpugh a PMP approach.

2.1. The production function estimation

For the crop growth model, local meteorological anop management data were used as input in an
evapotranspiration model, based on crop coefficreathods, to determine irrigation water requirement
assuming well-watered conditions (Guerra et al,420Then, yield responses to decreasing amounts of
irrigation water, enabled to estimate crop-watedpction functions (Steduto et al, 2012). As thamgle of
Figure 1 shows, the same crop, with same growimglitions, it is supposed to follow different protioa
functions, according to the different water apglmasystem.

Figure 1. Chart on the production functions of clyemccording to irrigation volumes applied by twotloé main irrigation
methods used. 'y drip' is the production functibdrip irrigated cherry; 'y fur' is the productiofunction of furrow irrigated orchard.
The maximum value obtained for yields is the modglut, assuming an optimal irrigation, for bothigration techniques: 100% of
the optimal water volume, which means using dripg@tion = 2724.5 m3/ha, and 4216.7 m3/ha with fuvrarigation, both
correspond to a yield equal to 66,88 g/ha. The mum value correspond, in both cases, to the dmaiofed cultivation (i.e. 0% of
optimal irrigation volumes). Points above optimaigation volumes correspond to hypothetical oveigation applied, (i.e. equal to
110 and 120%).
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2.2. The economic optimization model

The economic model assumes that farmers seek tioniaaxtheir profits, and the observed crop design
and water uses are optimal. Moreover, the modeiyones that the regulator acts on behalf of itssysdgth
the main intents to recover water supply costs, tanghinimize the impact on farm profit6he decisional
variables considered in the model arg;;x the amount of cultivated land for each crop typand for each
type of irrigation technology adopted by farmersn each subsector of the distriaf,and according to the
distance from the main source of water abductpw;;, the irrigation water amount, differentiated wikie
type cropj, and with the type of irrigation systein,

The amount of land is a continuous variable, wiieeamount of wateis a discrete variable, as farmers
are able to modulate the application of irrigatiwater for fixed intervals, which differs with thgpe of
irrigation system adopted. Moreover, crop yieldrison linear concave function of the amount of iapolpl
water. Thus, a mixed non linear mathematical prognang model has been adopted, to solve the follgwin
optimization problem through a PMP approach (HQW®95; Quirino, 2015):

max rla :Z[ plyi,t(vvi,t)_Cz,i,t(xa,z,i,t’vvi,r)_(td,i,t +tvvi,1)]xa,z,i,t Da (1)
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where,[]a = net Benefits; pyi«(wi:) = revenues, differentiated with the type of ceom irrigation
system; gi: (Xazis Wit) = costs, differentiated with the distance frora thain source of water, with the type
of crop and with the type of irrigation systemy;it= tariff differentiated with the sector, with thisthnce from
the irrigation network, with the type of crop amdgation system;atw;; = tariff differentiated with the sector
and proportional to the amount of water uses. Eguatis the constraint for land availability, lapdEquation
3 is the constraint for water availability, WdEquation 4, the constraint for labour availapjliab. Equation
5 is the cost recovery constraint, wheg Bnd \&*¢ are respectively the fixed and variable supplyts;os
differentiated with the sectors. The variable corgra of supply costs is active only for farmerssedrby
pressure pipes, or for farmers applying furrowgation. Equations 6, 7,8 fix tariff differentialg, relation to
the distance from the main source of watgeto the type of crops, and to the type of irrigation systems,

3. RESULTS

This section briefly describes the results obtaifneth the two-steps methodology adopted, which are
illustrated as follows: (i) the crop-water demanmddtion, according to different irrigation systeni2) the
impact of water pricing scenarios, assessed with@wnic model; (iii) the relative and the absoluégiation,
both in irrigated farmland, and in applied watertfee second water-pricing scenario.

Figure 2 shows that the amount of water requirerf@nirrigation differs with the type of irrigation
system adopted for a given crop, as well as itediffin shape and slope of the water demand function
Specifically, with incresing irrigation efficencfrom furrow to drip irrigation, the slope of the tsademand
curve increases, and elasticity decreases. Ontliee band, with sprinkler and furrow irrigationyrizer are
able to control discrete amount of applied wateth wthe consequence that, even with the implemiemtatf
a volumetric tariff, there are no significant chaagn water use attitudes, until a given pricingeshold is
reached.
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Figure 2. Water function demand and correspondent tariffs (€/m?3), considering two different irrigation systems (furrow and drip
irrigation), and then compared to the current value of water charge, in relation to irrigation water volumes (m3).
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From Table 1 to Table 3, the impact of the desdritagiff options is addressed, by distinguishing

districts served by pressure pipes (PP), fromidistserved by open canals (OC). Table 1 highlireseffect
of the two tariff options, both in terms of landessand of applied water amounts. For open cahalsariation
of pricing criteria do not results in appreciabl&fedences, both in terms of land uses and of applivater
volumes, since tariffs connected to water use®aleprevented for some sub-sectors of the disamct for
furrow irrigation. For the districts served by pesd-pipes, the alternative pricing criteria fees tariffs
partially connected to water uses. The implememadif this pricing scenario results in a small iahin of
irrigated growing, particularly referred to vegdwlorops, to the advantage of non-irrigated crdpss
variation results also in differences in terms mfleed water amount.

In Table 2 tariffs are weighted respect to the meoof each crop category. Differences in weight
between the two scenarios are quite significamghlighting a more homogeneous distribution of farifh
relation to the profitability of each crop categofis condition happens both for districts serkggressure
pipes, and for districts served by open canalsoAting to the distribution system, variations atjrg criteria
cause an increase in the adoption rate of drigation systems, for district served by open cafiable 3).
This occurs because open canals serve all thewlurrigated areas. Here, a variation in the pricongeria
from flat rate to mixed tariffs, connected with emavolumes, causes a severe conversion from fulwaivip
irrigation. Also, changes in the pricing regime $asia weak reduction in the differences betweeartimints
of water applied, between areas poorly reachetidyrtigation network and well served regions.

Tabl - Impact of the alternative tariff scenariolamd uses and water applied for sectors servgmdssure
pipes (PP) and sectors served by open canals (@fentage differences with respect to the baseline
scenario (%)

GROWING LAND USE WATER APPLIED
CATEGORIES ocC PP ocC PP
Non irrigated crops 0% 2%
Vineyards 0% -2% -3% -3%
Orchards 0% -1% 0% -1%
Arable crops 0% -2% 0% -2%
Vegetables 0% -5% 0% -7%

Source: own elaboration
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Tab2 - Impact of the compared tariff scenariosr@moime, for sectors served by pressure pipes (RPjoan
sectors served by open canals (OC): per hectatdélmaion/per hectare income (%).

GROWING SCENARIO 1 SCENARIO 2
CATEGORIES ocC PP oC PP
Non irrigated crops 5% 59% 0% 0.39
Vineyards 1% 8% 1% 0.07
Orchards 0% 2% 0% 0.02
Arable crops 4% 24% 3% 0.17
Vegetables 1% 6% 2% 0.08

Source: own elaboration

Tab3 - Diffusion of water saving technologies (W@hy distribution of water resources for irrigat{®@dA),
under different tariff scenarios, for sectors sdrisg pressure pipes (PP), and sectors served by apeals
(OC).

ocC PP
SCENARIO 1 SCENARIO 2 SCENARIO1 SCENARIO?2
Diffusion of WST (%) 0.15 0.16 0.28 0.28
. =
Spatial effects (water applied intZ 0.44 0.45 0.48 0.48

per total water applied)
Source: own elaboration
175 zones with the higher distance from the main wabetuction source.

Figure 3 and 4 refers only to the alternative pgcscenario. Here, authors assumed that the regulat
can freely modulate the proportion of supply castsovered, through the allocation of fixed and afale
components of the mixed tariff. Specifically, Figu highlights the expected trend respect to |as&s,uto
amount of applied water, and profits vary with gasing quota of supply costs, recovered througHlahe
rate. Figure 4 addresses the relevant impact regp#e irrigation technology adoption. With inaséng rate
of supply costs, recovered through the variablergds the rate of adoption of drip irrigation sysse
increases, even if slightly, when compared to furemd sprinkler irrigations. For sectors servechvaipen
canals, the rate of adoption go alongside withnareiased amount of water consumption. This ishetase
of sectors served with pressure pipes, where isirgaate of adoption of drip irrigation systemsagongside
with decreasing amount of water applied. This ipl@xed by the fact that, for sectors served by
pipes, variable charge is a volumetric tariff, vehfibr sectors served by open canals, where thablartariff
is associated to alleged uses, there is no dimgaét on water consumption.
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Figure 3 — Relative variation of the amount ofgated farmland (a), of the amount of water app{®dand
of farm profits (c) with respect to variation irethatio, between fixed and variable componenth@tiwo-part
tariff in the second scenario.
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Figure 4 - Absolute variation of the amount ofgaied farmland and of the amount of water appfadype
of irrigation systems, respect to variation in thgo between fixed and varible components of #niff in the
second scenario, by distinguishing sectors serygadssure pipes from sectors served by open canals
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4. DiscussiON AND CONCLUSIONS

In this study, we compared hypothetical and acpwiing policies scenarios, by observing current
organizational rules of a case study irrigatiorwmek in northern Italy. The comparison between tilve
scenarios described above reveals that, the implitien of tariffs does not significantly affect teauses,
in most of the sub-regions of the irrigation netkyonainly because of structural constraints, witiclits the
number of available pricing options. In additidme tevel of the variable component of the tariffde low to
obtain appreciable effects on water uses. Morealkierwater demand function for the main irrigateaps of
the region is also strongly inelastic, limiting tingpact on water uses, even where it is possibimpbement
incentive pricing.

The sensitivity analysis offered in Figure 3 arfdghlights that the imposition of variable chargegen
when not directly connected to water uses, codetafarmers’ decisions on how to irrigate. As shothis
not necessarily imply that farmers will reduce #raount of applied water. That is, by shifting froess
efficient to more efficient technologies, the riskincurring in water shortage - favouring the dgion of
water intensive crops, and minimizing the impactaer saving technology - it could be reduced givan
region. Such a paradox seems to be more evidest) Wie variable charge is not directly connecteadter
uses, since incentivizing adoption of more effitigrigation technologies plays the key-role, intepf the
conditioning of the applied water amount.

This study confirms that there is no much evidetia water pricing has a significant impact in
conditioning water uses (Molle, 2008). In any cagater pricing, which is an instrument commonly il
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by local water authorities to recover supply costsilld deserve to co-finance subsidies on invedisnénther
promoting the adoption of precise irrigation tedogees (Lopez-Morales, 2011). Cross-compliance betw
the WFD and the CAP-reform could enable to ideraifet of complementary measures, which have feetef
of eliciting the diffusion of water saving techngies. The new CAP-reform is explicitly addressihgst
aspect, both by financing advisory weather senacektraining for supporting investments, in ortgesupport
farms adaptation to WFD cross-compliance (EC, 2013)
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