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Abstract

Water pricing policies have a large and still relatively untapped potential to foste
efficient management of water resources in scarcity situafidnswork contributes a
framework for designing equitable, financially stable and economicallgiesifiurban
water tariffs. A hydreconomic simulation model links the marginalue of water,
which reflectswater scarcity giveiits competing uses, to water supply reservoir levels.
Varying reservoir levels trigger variations in the second block of the proposed two
block increasingate tariff; these variations then reflect wateralue at that timeThe
work contrasts the twblock scarcity tariff with a constant volumetric rate for the city
of Valencia, Spain,and the droughfprone Jucar basin, where most 480,000
householdsrreequipped with smart meteResults show urban consumption is reduced

by 18% in the driest years, lovieg basinwide scarcity costs b§4%.

Keywords: dynamictariff, urbanwater management, watericing, marginal value of

water, hydroeconomic modelling
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1. Introduction

Growing pressure on existing water resources from rising demand and umseptaly
underline the valueof efficient management strategiedlthough urban water
conservation is often achieved through prescriptive regulation, the usgce$ to
manage water demand can be more cost effective thaprimenconservation programs
(Olmstead2009. The potential of water pricing to foster more efficient management of
available water resources has been recognized in regulatory frameworks suck@s th
Water Framework Directive (EC, 2000)his European regulation promote pricing as a
way to pursue several objectives such as cost recovery for water suppliers, economi
efficiency andenvironmental preservation by factoring in not only the financial but also
theenvironmental and resource costs (Heinz e28Dy7; PulideVelazquez et al2008;
Brouwer et al., 2009) .

A pricing policy is economically efficient if the prices charged correspontigtotal
marginal cost of wate(Rogers et al.,, 2002)In economic terms, efficient water
management abides by the equimarginality principle, whereby the benefit fdsgone
allocating an additional unit of water to ampnsumer —also known as marginal
resource opportunity cost (MRQPulidoVVelazquez et al2008 and 2013a; Macian
Sorribes et al., 2015) is the same regardless of tt@nsumerin lay terms, to achieve

the greatest returinom existing water resourcessapplemental unit of water should be
valued equally by differentonsumes. Yet, even thouly water pricing can in theory
pursue several objectives at onaecluding economic efficiengy its practical
implementation can prove challenging because other objectives might have to
considered for price desigmhis is the case for urban water rates that are expected to
meet some basic functions (Hanemann, 1998; Griffin, 2006; Barberan and Arbues,
2009). Cost recovery is a priority, as the selected tariff has to provideieniffic
revenues to allow the utilityot recover the cost of supply and meet its financial
obligations in both shordrun and longun conditions. Other objectives of urban water
tariffs refer to the way costs should be allocated antomgumers. \&ter rateshould
ideally be perceived as affordable, fair and equitable byctihresumersFinally, the
proposed rates should be easily understood by clients and utditidslegally
acceptable An example of residential urban tariff design that considers efficiency,
equity, financial cost recoveryublic acceptability and transparency is proposed by
Garca-Valinas (2005). The method characterizes the urban water demand using an
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econometric approach, and the costs of water supply through al@eighas function.

A variety of tariffs was then evaluated in terms of welfare effects, using thamens
surplus as indicatorThe approach assessed economic efficiency and financial
considerations Ut only at theconsumemnd utility levels, whereas the consequences of
urban tariffs on consumption have repercussions on water availability and st@arcity

all consumers in a river basin.

Rate design is also constrained by the metering technology, which deterinaoivwe
regularly consumption can be measured. For instance, without water meters, @istomer
are charged a fixed ratgyhich provides no incentive foconsumes to know their
consumpbn (Whittington et al., 2002)Vith ordinary meters, water can be charged at a
volumetric rate. Flatates can be efficient if wetlesigned (Garcia and Reynaud, 2004;
Dige, 2013). Decreasing block rates, whielad to high volumeconsumes paying

lower average water prices, has gradually fallen out of favor (Whittington et al., 2002).
In contrast, increasing block rates (IBR) that penalize heamgumes have become
widely implemented, because they are seen as fairer and more economically efficient
(e.g, Martins and Fortunato, 2007; Chen and Yang, 2009; Madhoo, 2011; Ward and
PulidoVVelazquez, 2009)Yet, these merits of IBR have been questioned (Boland and
Whittington, 2000; Strong and Goemans, 2014; Whittington et al, 2015), suggesting that
when meteng technology constrains rate design, pricing schemes may not always
achieve their stated objectives. One option is seasonal IBRaithat at reining in
consumption during summer months in places where high summer use puts a strain both
on scarce water seurces and/or on the distribution infrastructure (e.g. Hoque and
Wichelns, 2013; MolinosSenante, 2014New smart metering technologies, with their
frequent and automated consumption measurememable dynamically varying tariffs,

i.e., water pricingpoliciesthat changes over time. Thiscludes seasonal pricing, but

also peakpricing strategies withina day (Rouge et al.,in pres$. Sharing this
information with customers could help manage residential demand (Rizzoli et al., 2014,
CardeltOliver et &, 2016). Through real time information on water consumption,
consumes can get learn about their water use and its associated cost, which has been
shown to lower consumption (Gaudin, 2006; Strong and Goemans, 2015). Through real
time information on water consumptiooonsumersknow how much water they are
using and how much they are going to pay, and how far are them from moving to the

next block Furthermore, prepayment water meters can be considered as a tool to



marage water resources that benefit both consumers and utilihesewater meters
allow reducing financial and operational costs for the utilities; and allocateg th
resources more efficiently. However, their implementation could be diffioultoiv

income consumers (Casarin and Nicollier, 2010).

Scarcity pricing has its origin in the fact that, unlike in power networks, water
distribution systems rely on largely climataven natural supplies. As water becomes
scarce, itsnarginalvalue increases, andacity pricing aims to reflect this. When the
supply is abundant, this value is essentially zero and water price at theytapfl@cks

the treatment and delivery costs. When water becomes scarce, scarcity pudsitigead
opportunitycostsin the allocation of the scarce water to the price of water at the source
that promotes an economically efficient allocati(fPulidoVVelazquez et al. 2053
Riegels et al. 201and Griffin 200§. This efficientscarcity priceat sourceas the same

for all other sectors, such as agriculture, industry, etc.

However, water scarcity pricing has been very rarely implemented. In @Qalifdhe
20122016 drought spurred the implementation of economic tools such as drought
surcharges and penalties to reduce esgidl water use. 29% of water utilities used
drought sucharges (Mitchell et al, 2017an increase in the unit price of water triggered

by low water supply levelsDuring the same period, up to ®8 of utilities used
penalties: fines charged to thodat do violate water restrictions. These instruments
have served to decrease water use while incrgasvenues in periods when lower
water use reduce revenues considerably, functioning as economic and finansiat tool
the same time. Mitchell et al. §27) found that drought surcharges were significant in
reducing per capita water use and complying with conservation taPgetsous studies
have analysed the impacts of applying temporary drought pricing (e.g. SahigGt5a

and 2016) on urban systems. These pricing policies are only applied during drought
periods, and the escalation of the baseline price schedule is based on the stosge (pr
increased in a percentage with respect to the normal price, based on certah criti
storage levels). But those prices are not linked to the marginal economic valuerof wat

in the system

In this paper we present a novel method for the design and assessment of edlynomic
efficient, equitable and financialistable urban water rates considering a scarcitepri
based on the estimation of water’s value at basin scale over time. Rates arg dynam

the sense thahey vary every year according to the estimated marginal value of water,
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which is linked to water scarcity and water demand. The urban water saiékigned

to transfer marginal water values at river basin scale to consumers, aghgidering

the required conditions of urban water rates. As such, they are a first step towards
exploiting the combined use of economic basinwide water resources asseasthent

urban smart metering technologies for designing economicallyesftiaiater tariffs.
2. Methods

2.1. General overview

The proposed threstaged framework aims to design a dynamic urban water tariff
considering the changing value of water (throughout the river basin and oegifdim
achieving more efficient water use. The first stage consists of obtaingagcitsbasel

step pricing policy at river basin scale via use of time series of water \stloaed
throughout the basin. The second stage is the design of a baseline water tariff at
consumer level taking into account the revenue sufficiency and equity critmadly,

the third stage is the dynamic urban water tariff using as a basscanatybased
pricing policy at river basin scale (stage 1) and the baseline water tariff ainwems

level (stage 2). An increase block rate has been chosen to design thecdyrizan

water tariff.

2.2. Marginal value of water at source

The marginal value of water is used to get the scabaped water pricing policy. It can

be estimated using hydexonomic models (HEMs) that use willlgrpay estimates
(‘demand curves’for each water user within the water resource syskEMs allow

for an integrated analysis of water supply, demand and infrastructure management at
basin scale (Pulidvelazquez et al. 2008 and 2014; Harou et al. 2009; Heinz et al.,
2007 BauerGottwein & al., 2016).

In this work, time serieef marginal value of wateat different reservoirs in the system
were determined through a priodtyased simulation model that accurately reproduces
complex system features, such as priorities in water allocatidnsgstem operating
rules The model was developed using thecision Support Syste(®SS SIMGAMS,

a generic tool for developing hydroeconomic simulation mo¢flgidoVelazquez et
al., 201®; LopezNicolas, 2014programmed in GAMSThe modelsolves gpriority-
basedsimulation model that estimates water allocationa monthly basi$ollowing



existing rules Rules includetargetsfor demands, storageminimum environmental
instreamflows, etc., allocation priorities andreservoir operating rules(Fig.1). The
model incorporates groundwater and stremquifer interaction thus allowing
conjunctive use simulatio.he river basin must beharacterized in terms of topology

of the flow network, available infrastructure, hydrolpgyreamaquifer interactiorand
economic dataHydraPlatform (Knox et al., 205) and MicrosoftExcel were used as
auxiliary toolsfor pre-processing all the datelydraPlatformis an opersource software
platform for network (nodéink) model that allows input, storage, display angort
model data, including the connectivity matrix of the system (which represents the
relatons between nodes and links).

NPUTS T 1 ITS
INPUTS MODELS OUTPUTS
= = Water
management
/ Connectivity / & (v, .Q. Idf“:‘liVETiES,
HYDRAPLATFORM | Matrix SIMGAMS reliability, etc.)
+ s -
MS EXCEL Time Series| (Priority based .
\ parameters|  simulation) Economic
N results

/)
(benefits, scarcity

costs, MROC)

Figure 1. General flowchartto estimate time series of water’s value at river basin scale

The main results arallocation decisions such agragesor deliveries, and economic
resultssuch as water scarcity cost aihe value of water at selected surface resesvoir
SIMGAMS also evaluates the associated water scarcity cost for eatsumerof the

systemthrough the economicdemand functionghat relate the quantity of water

consumedo its marginal value

From the baseline simulation run, tkielue of water at a given dateand a given
specific reservoir node is obtained by the following proce@@utidoVelazquez et al.,
2008 and 2013a):

e Stepl: addition of a small quantity of water at this date and reservoir.



e Step 2:simulationof the system from t onwards with this adulial water; the
initial condition at t is exactly the same as the situation at that date in the
baseline run.

e Step 3:themarginal value of wateait the date and node is approximated by the
change in benefit with respect to the baseline scenario dthe textra water

resources, divided by the marginal increase of the resource.

Time serieof marginal water valuegre obtained by iterating this procedure for all
monthly time stepsf the simulationfor all the reservoirs for which they must be

obtained.

2.3 Stage 1: scarcity-based step pricing policy at river basin scale

The scarcitybased water pricing policy at river basin level will be obtained through the
time seriesof marginal water values (referred to hereafter simply as "water yalue’
Then, theampacts of this pricing policy will be evaluated at river basin scale in order to

verify its effectiveness

The water values which have been obtained through the simulation DSS tool
SIMGAMS (section 2.2)are used to design the efficiestarcitybasedstep pricing
function,which defines a price of water associated to a storage range in res@rlrs
procedure follows the following subsequent steps (Pulidiazquez eal. 2013

o To plotwater valuess a function of the storage for each time step.

o To lump the values in different groups using as thresholds predefined
storage levels.

o0 To obtain the scarcitbased step pricing policy based on the average

value for each group.

The rationale behinchis method is that high levels of water storage mtflew water
scarcity, and therefore a low value of wateonsumes are assumed to react to price
changes according to microeconomic thedrye change in water use dueagrice
change will be gien by the corresponding economiemand functionfor each
consumer Kig. 2). When water reserves in the system are scarce, a high price will lead
to a reduction in the target demand for each use (PVialiazquez et al. 2013ajhe
effectiveness of the scarcibased step pricing function can be quantified in terms of

reduction of the water scarcity cost.



Each scarcity price corresponds to a target reduction of water use with resfiest t
initial target demand-which is the base water use without any price intervention.
Scarcity price and target reduction are linked by the price elasticity of demand
Ultimately, reservoir levels and associatester valuesdetermined abasin level, are
linked with scarcity pricing and target reductions at wWaer consumerlevel as we

describe in section 2.5, for achieving a more efficient use of water.

Water value
P (€/m’)

N\

<>
%

Demand

Q (Mm’)

Figure 2. Economic demand function showing willingness to pay as a function of water use

2.4 Stage 2: dynamic increasing block urban tariff. Design of the baseline

We assume a simple twieer increasing block price structure. The tasffould fulfill
the objectives ofevenue sufficiency (cost recovery) and equityaddition to economic
efficiency. Accordingo the revenusufficiencycriterion the revenueR (M. € / year)
should beequalto the summation of costs for each soustevater for urban supply, Cs

(M. €/ year)
R = Z;n=1 Cs [1]
In thetwo-block tariff, the revenue igiven by:

R:/11'Z?=1Vi+/12'2?=1v}+F1 [2]

A, is the marginalprice for the first block€/m® and 4, is the marginalprice for the
second blocK€/m?), Fl is therevenue fronfixed chargesM.€ / year) due tservice
and maintenance servicemd V; andV; are thesupplied volumeof waterfor the first



and the second block respectively foirmonthly). The cost for each source is
expressed as:

C=FC+x%=2-vC 3]

Where s representeach water sourcdsC are thefixed costs(M. €/ year) E is the
efficiency parameteof the distribution networkhat defines the water losses from each
source, andVC representsthe variable costassociated with water treatment and
distribuion (€/n?). Substituting equations 2 and 3 into equation 1 and assuming the

value of 1, ,(considering expert consultation), the valud.ptan be obtained.

The second bloclpenalizes large uses, especially during water scarcity periods, and
therefode useswater pricing toenhancewater use efficiency and promote water
conservationAs a result, the first block improves equity amaongsumes in the sense

that largeconsumerssubsidize the basic uses for everybody with their sebbtrak
paymentsas the water tariff for the first block will remain constant even duringisgar

situations
2.5 Stage 3: dynamic increasing-block urban tariff. Design of the dynamic component

The second block is designed to achieve the economic efficiency target by tnagsferri
theimpact of thestep scarcitybased pricing function aiver basin leve(stage 1) to the
consumer’s levelassessing theemandreductions with respect to the initial target
demand.

The charges for each block coming from stage 2 and the percentages of demand
reductions, with respect to the baseline target demand (section 2.3), are shiobasi
developing the new dynamic urban water tariff. This IBR will be dynasince the
volumetric ratewill depend on the storage available in the main reservoirs for each year,
used as a proxy of water scarcity in the basin, as the scarcity price depends on the
storage (section 2.3).As a resulgnsumes get to know those prices beforehand, and
react accordingly. Theateof the first block remains constant due to equity conditions,
whilst for the second block each watate will be obtained ashe minimum price of

water that allow achieving the reducins of the demand that come from the river basin

level analysis.



3. Case study and material

3.1. Water supply to the city of Valencia from the Jucar river

The case study is the supply to the city of Valencia from the Juar system a

complexwater resources system locatadEastern Spaimwithin the Jucar river district
(Fig. 3.

Figure 3. Jucar river district / Jucar river basin

The Jucariver systemis the largest part of that water resources distfizB878 kn3),

and comprises the Juaaver basin and the area supplied by the Jdcara canal The

basin is highly regulatedand almost 84%of its water supply is consumedbr crop
irrigation, and13 % goes to urban us&aterdemandotals 1397 Mm?3/year, whilstthe
average water resources availabilityestimated asd517 Mm®year fran 1940/41 to
2011/12 (CHJ, 201®. The municipality of Valencia receives water from two water
treatment plants, “La Presa” and “El Realdén” (45 % and 55 % of the total demand
respectrely) and from 2 main sources: thecarriver (through the Jucafuria canal for
inter-basin transfer; 75% of the supply on average) thedTuria river (25%) (CHJ,
2015a).

3.2. Hydroeconomic simulation model of the Jucar river system

The Jucar rivemodelhas been developed using as main sources the data from the Jucar
river basin agency and previous studies amdulation models of theJucar basin
developedusing SIMGESAndreu et al. 1996), applied in the development of the river
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basin management plan of the Jucar district (CHJ, 20THa)schematic of the model's

network is shown in Fig. i supplementary material

The main reservoirsf the basin areAlarcon (1112 Mn? of capacity), Contreras 40
Mm? of useful capacity, 852 Mtnof total capacity) and Tous (378 Mnof useful
capacity) Alarcan and Contreras are located in parallel in the upper basin, whilst Tous
is locateddownstream.The Jucar river basin agenesgtsthe system ograting rules
considering Alarco and Contreras as the main oyear storagefacilities. Tous

reservoir is mainlysed for flood control ahfor regulaion during the irrigation season.

The most important irrigation infrastructures are the Jlicaia and the Acequia Real
canals. The Jucdruria canaldeliverswater tothe metropolitan areaf Valencia ando

the city of Saguntoandto the JucaiTuria irrigationdistrict. The AcequiaReal canal
supplies water to the Ribera Altaigation districtin the lower basinmainly for rice
crops and fruit ges such aranges angersimmon The main gross urban demands
areValencia 4.3 Mnt/year, (70 % corresponds to residential uses; Ayuntamiento de
Valencia, 2014) Albacete (3.3 Mn¥/year), Sagunto (8.8 Mrifyear) and Mancha
Manchuela 10.9 Mn¥/year).

The exploitation othe Eastern Mancha aquifer (in the upper basin) is one of the key
management challengas the basin (CHJ, 2015, since the increase groundwater
abstractions has inverted streaquifer interacttn, movingfrom a winning toalosing

river. The model allocates water based on the current priorities and operating rules for

the 2012 water demands.

3.3. Urban water supply in the city of Valencia

The city of Valencia has around 800,000 inhabitants] anost of the 430,000
householdsare equipped with smart water meters, making the implementation of a
dynamic scarcity tariff feasibl@able 1shows the distributionf households per block
water rateunder the current IBR tariff. More than 30% of the clients have a low
consumption (betweef@ and 8 ni/2 montls). The distribution ofthe type of meters
according tothe diameteris neededor assesag the totalfixed cost 97.5% are less
than 15 mm and 1.75% is 20 mthe remaining 0.75%s over 20 mm(EMIVASA,
2016).
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Table 1. Percentage of households per block tariff (Source: EMIVASA,2016)

Percentage of households per block tariff

Consumption (m¥/2 months) %
0-8 37.65
812 18.65
12-25 33.98
25-40 7.28
>40 2.44

Using an econometrigpproachGarciaValifias(2004; 2006) obtained a priegasticity

of demand 0t0.64 for the city of Valencialrhe urban water demand, excluding urban
municipal and agricultural uses, was estimated using-éregr functional formWith

the averagannual per capita volume of water3jnas independent variable, the model
incorporates the following explanatory variables: price (averagercesiros), revenue
per capita (in euros), percentage of sirfglmily homes, percentage of vacation homes,
a birary variable to identify coastal homes, and two variables for identifying imalustr

and tourism activities

The point expansion method (Jenkins et al., 2003) has been used to extrapolate this
price-elasticity estimate to compute tbensumes’ response tdifferent water tariffsit
uses a Cobibouglas function with constant price elastity (See Fig. 3 in

supplementary material for the economic function of Valencia)
4. Results

4.1 Water values and scar city-based step pricing policy

In order to get thatep scarcitypased water pricingolicy, the marginalalue of water
is estimated at th@ous reservoir considering the total stor&gehe 3 main surface
reservoirs of the systeifilarcon, Contreras and Tous reservoirdjthough the main
carryover staage is kept in the 2 main upstream reservoirs, Tous is the reservoir from

which surface watds derived for the main demands of the basin.

Figure4 shows thdéime serief Tous reservoimarginal value of waterersus the total
storageAs expectedit increases whethe storage get lower, and is maximal during the
drought periods (e.g. from 2005 to 2008).
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Storage (Mm?) Marginal value of water at the Tous reservoir vs total storage at Alarcon, Contreras and Tous reservoirs (€/m3)
1000

900

= Alarcon, Contreras and Tous storage

5 —-- Marginal value of water at Tous

Figure 4. Marginal value of water vstotal storage(Alarcon, Contreras and Tousreservoirs)

The annual scarcitybased step pricing function of the Jucar river basin has been
obtained consideringstimated water valuat Tous vs.the total storag®f Alarcon,
Contreras and Tous reservoirs. The storage represented corresponds to thegbayinnin
May, sincel) by then most of the rainfall of the hydrologic year has occuaed?) is

the starting of the irrigation seasofherefore, Maystorage represents the available
volume at the beginning of the most critical period of water supply within the Jea
water value at May 1 is obtained as the average value for the corresponding
hydrological year. The storage thresholds for defining each step pfitheg schedule
were set ad60, 367 and 50Mm? respectively(Fig.5). The final steppricing function

was defined by taking the mean of the annually averaged marginal water values at each
of the 4storage interval@~ig.5).

(€/m?) Dynamic scarcity-based water pricing policy Jucar river basin
0.6

*
0.5

4
.
0.4 0.35
03 »
* *
02 * 0.14
* 4
0.1
0.04 . PO
0 ! ! ¢ ! PRI e‘e ! ! e :
0 100 200 300 400 500 600 700 800 900 1000
Total storage (Alarcon ,Contreras & Tous reservoirs) (Mm?3)

Figure 5. Scarcity-based step pricing function athe Jucar river basin
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4.2 Impact of the step scarcity-based pricing policy

Once the scarcithpasedstep pricing function has been obtain#ae next step is to
evaluate the impact of iswwater pricing policy at river basin scdby using the DSS
SIMGAMS.

Figure 6 showsthe water scarcity cosin the historical drought periods for bothe

baselinescenario (without pricing policies) and teearcitybasedwater pricing policy
scenario The results demonstrate thenefitof applying this step water pricing pofic
for all the competig consumes, with a significant reduction ahe water scarcity cost

when applying these policies (34 duringthe latesdrought period).

Water scarcity cost Jucar river basin

300

250

H Baseline

200
= 150
M Scarcity-based

water pricing
policy

100

50

1083/84-1986/87 | | 1992/93-1995/96 | [ 1997/98-2000/01 | | 2004/05-2008/09 |

Figure 6. Impacts of scarcitybased water pricing policy at river basin scale

Once we hd simulated theeconomic efficiencyof the scarcity pricing at river basin
scale, wecalculatedthe reduction of the demandith respect to the target demarhak

the urbansupply of the city of Valenciausing its economic functioand the scarcity
pricing function The reductions of thannualtarget demand are 18 %, 8% and 3 % for
a scarcity price of 0.35 €in0.14 €/ni and 0.04 €/rhrespectively These values are

used for developing the dynamic component of the urban watdr tarif

4.3 Baseline component of the urban water tariff

The baselinevater tariff has been designed with an equity objectj\age volume
consumes are subsidizing otheconsumes’ basic usesthough the Zier price
schedule) as well as with the condition akvenue sufficiencyfor the utility that
provide the servicdequatios 1,2 and 3. So, we assess the total cost (fixed and
variable components) and the fixed component of the revenues in order to obtain the
water rate for each blockVith respect to theost, the total cost has been estimated as
72.14 M. €lyear, with a Yometric variable cosvf 0.472 €/ m, using data provided by
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the Valencia water utility EMIVASA, 2016) and the official water rates for 2016
(DOCV, 2015). With respect to the reventles total fixed revenue per year has been
estimated as 47.91 M. €/ year, using the percentage of households per blockiggriff (
1 in supplementarynaterial),the distribution of clients per type of met@EMIVASA,
2016) andhe official water rates fa2016 (DOCV, 2015) So,the values of A1 andizp

can be obtained bgubstituting these data into equations 1, 2 and 3.

Thebaseline wateratehas been obtaindzy maintaining the official current rate for the

15t block, M, at0.44 €/ni, andapplyingequation 2 to obtain aalue of)z, of 0.56 €/nd

for the second blocKn this way the threshold forthe first block, 12 rfy has beerset

based orthe basiauantity of water that people need for survivehealthy conditions
According to the World Health Organization 100 I/day/person (Howard and Bartram,
2003) is a minimum requirement of per capita water use. Moreover, 60 % of the
households have 2 or less persons. Thus, the consumption for households of 2 persons

corresponds to 12 hper 2 months.
4.4 Dynamic component

The dynamicurbanwater tariff is designed with 2 blocks. Thate of the first block
remains the samiased on thequity conditions whilst the rateof the second block
depends on the storage, as explained in sectorsa, thedynamicurbanwater tariff

for the city of Valencia consists df differentratesfor the second blogkas the step
scarcitybased pricing policy for the Jucar river basis Hadifferent possibilitiesThese
rates have beetalculated considering the demand reductions during scarcity periods
using the economic demand function for the city of Valencia and the sdaasityl
pricing policy at the Jucar river basin scgdee able 2). In this way, wknk the impact

of scarcitybased water pricing policy at river basin level with water tariffs at

consumer’s level.

Table 2. Dynamic urban water tariff

Wa(tg/r rT\]/3<';1Iue (Jéﬂ (Jé] ) % Annual demand reductions
0.35 0.44 0.78 18%
0.14 0.44 0.66 8%
0.04 0.44 0.60 3%
0 0.44 0.56 -

Then, we telsthe impact ofthe dynamic urban water tariifonsideringthe historical

storagetime series (from 1980 to 2012). Figufeshowsthe annuatlemand reductions
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(%) versusthe total storageat May 1%, the highestlemand reductionare obtainedas

expectedduring drought periodsDemand reductionsfrom pricing applied early in

drought periods increase the availability of water resources later on
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Figure 7. Demandreductions from applying the dynamic urban water tariff

Table 3 shows the revenue coming fréime fixed and variable rate structure of the

dynamic water tariff. The results show thatertain extra revenue(up to 1% of the

annual revenue in the baseline conditias®xpectedn those years in which scarcity

pricing is applied.

Table 3. Fixed and variable revenue components of the dynamigban water tariff

)2 (€/m3) Fixed Variable Revenue Total Revenue Increased revenue
Revenue (M. €/ year) (M.€ / year) (M.€ / year)
(M. €/ year)

0.78 47.91 24.95 72.86 0.72

0.66 47.91 25.00 7291 0.77

0.60 47.91 24.61 72.52 0.38

0.56 47.91 24.23 72.14 -
(baseline)

We have analysed a hypothetical scenario considering a price elastithity @éé¢mand

of -0.4 instead 0f0.64. We have testetie benefit of applying the step water pricing

policy for all the competig consumetsconsidering the0.4 price elastic of demand for

urban consumsr obtaining also a significant reduction whter scarcity cosat river

basin scalg20 % during the latest drought period). Finally, the annual percentage of
urban demand reduction ranges from 1.7 to 11 %, percentages lower than those in table

2 obtained for a pricelasticity of -0.64, as expected.
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5. Discussionand conclusions

The proposed framework enables the design of a dynamic water tariff consithering

role of water pricing as @ol for efficient management of water demand during scarcity
periods. This is done by integrating a scarcity price component in the rate without
modifying the reduced price considered for equity reasons and keegingwdnue
sufficiency condition. A hydroeconomic simulation model of the river basin is used to
estimate the changing marginal value of water at river basin scale. Thisesequir
estimated economic demand curves for water consumers throughout the basin and
assessing the costs of water servaredater utilities and characterising the supply (e.qg.,
number of blocks or household distributions per block ratee proposed scarciy
based pricing policy sends a scarcity signal to water users because the peiar

water availability.

A dynamic water tariff considers the economic value of the resource when igvater
scarce thereby promoting efficient water use by moderating consumptionedhises

the ability to measure consumption accurately over-dafined periods. New smart
metertechnologies allow utilities to track consumption remotely and accurately over
specific timeperiods (e.g. Cominola et al., 2016). The cstely isthe urban water

supply to the city oWalencia,which isalmost fully equipped with smart meters where
volumetric consumption is charged on a bimonthly basis but where prices do not
currently vary over time. The dynamic water tariff is set for each year, siackutar

river basin suffers from multiyear droughts. Although dynamic pricing could besdppl

to shorter periods, we choose to demonstrate the concept in a way a less removed from
current practice as possible. Changing tariffs once a year in our casesendidtantial
efficiency gains whilst minimising little regulatory change and business ipann
changes for water users. Because May storage levels are representative of water
availability that year (at the beginning of the irrigation season and littleefurdin is

expected), it acts as a gopbxy of water scarcityn the basin.

The dynamiavater tariffsends water consumers a water scarcity signal via the increase
of water price for the second block (the initial price for low consumingsusekept
constant for equity reasons), ranging from 0.60 €ton0.78 €/m when the scarcity
price of water is considered (the baseline rate is 0.56)€/Migherwater rats allow

reducing water use between 3 % and 18 % during scarcity situations (according to our

17



estimate priceelasticity of demand). Despite the reduction in water use, there will be an
increase in utility revenue from 0.38 to 0.72 M €/ year, due to the higher watelSates

a high water price could soft the expected revenue decrease due tentiaed
reductions.This is consistent with the findings in the international literature. For
example, Sahin et al. 2016 found that temporary drought pricing would generate
additional revenues in the case study of the Australia’s populated -&xsith
Queensland region than can fund water supply infrastructures. Furthe@aooeg
Valifias 2005 found that the proposed optimal water tariffs, based on Ramsey (1927)
and Feldstein (1972) theories, lead to welfare improvements, using Sevillseas ca

study.

The excess revenue generated during the scarcity periods (partially categeby a

lower demand) @uld generate additional resources for increasing water security
investments. Since urban tariffs are usually designed for revenue nguivalithe

utility, the additional revenue could be assigned to either increase the securibaof

water supply (e.g. reducing leakage) or to investments that promote a moeateéfin
sustainable use of water in the basin, and in that case the extra revenue could be

managed by the river basin authority.

Thereis alsoa significant uncertainty on the average behaviour of the usessduarity
pricing (prices higher than the current pridegsed onthe reliability of the price
elasticity estimafe Nevertheless, we would like to highlight thagher water tariffs
during water scarcity periods provide an incentive for reducing water use sptrtdo
initial target demands. This is evaluated by assessing the impact of scaobity pn

the demand of water through the economic demand functions for each consumer.
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