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Abstract

The objective of this paper is to compare sevaerahemic instruments which may be implemented
to mitigate current farmers' groundwater withdravel a multi-resource system. We conduct a
fined-tuned field work with farmers to understanioe tkey points of substitution between
underground and surface water at the farm levdinédar programming framework has been used
to model fruits and vegetable production systeinshdws that groundwater demand is sensitive to
its variable cost, advocating for effectivenesgpote-based instruments to mitigate underground
irrigation withdrawals. Although economists oftedvacate for such instruments superiority,
volumetric surface water pricing and fees on growatdr consumption partially fail to satisfy our
criteria for instruments assessment. We finallypsupthe implementation of a binomial surface
water pricing or a quota system on groundwater. THteer could be framed by the so-called
"Organism Unigueéintroduced by the 2006 Water and Aquatic EnvirentrLaw.

Keywords: Groundwater Management, Economic Instruments, Conjunctive Use, Linear
Programming.



1. Introduction

The rapid increase of population pressure in cbasémas exacerbates conflicts over the use of a
limited resource, freshwater. This is particularye in Mediterranean regions where population
migrations and tourism induce an increasing pressur water resources. Conflicts may appear
then between the former traditional users, irriggtiarmers, and new incomers, the tourism sector
and the ever-growing urban population.

This is particularly the case for groundwater, vahg a very attractive resource:

* It is easy to extract water, because groundwateftéin available at a low depthdRNES ET
AL., 2005).

e Groundwater is often cheaper than surface wateiferq play a double role of reservoir and
distribution network. Technological improvementsb@rehole rather than a well, a pump
rather than a water wheel ...) have further highlgrdased extracting costsLdmAS and
MARTINEZ-SANTOS, 2005). Surface water costs tend conversely toease for farmers:
public financing programs for irrigation are recgiand there is a will to apply a cost
recovery principle recommended in Europe by the éNdirective Framework (WFD)
(Directive 2000/60/EC).

« Groundwater quality is usually good indeed everalplet and is naturally filtered. It can be
directly utilised for a drinkable use or a precsigigation.

* Groundwater is also available 24h/24 contrary toyniarigation networks, where there are
rotations’ constraints.

« Finally, groundwater is less subject to temporaithavawals’ restrictions during droughts,
contrary to surface water. Groundwater may therddéfned as a dynamic stock of water
(KouNDOURI, 2004) balancing water demand during dry peri@iminishing the temporal
scarcity of water, groundwater is highly valuabbe both tap water suppliers and irrigating
farmers in arid or semi-arid contexts.

Consequently, surface networks are frequently kensdy farmers for individual wells when both
water resources are available. In such conjunatses systems, groundwater overexploitation may
appear although underused surface water supplyeadosis A conjunctive management is therefore
needed.

Such a multi-resource context has already beeruded in models seeking to simulate links
between surface and groundwater uses under comnentianagement of water resources. They
focus on optimal spatial (@KRAVORTY and WETSU, 2003), temporal (Kapp and QsSoN, 1995;
TSUR and DNAR, 1997) or both (MEL et al., 1980) allocation of water. Although they avell
documented, few studies on conjunctive use systexiss on the implementation of economic
instruments. 8Huck and GReeN study a supply based water pricing structure abajunctive
management system, defined as an area wheseirfate supplies are managed jointly with
groundwater resourc€gScHuUcK and GReeN, 2002).

Since most multi-resources systems are not manggetly, we make a distinction between
conjunctive management systems (rarely seen inipga@nd conjunctive use systems, where both
types of resources are managed separately or ugedrat all. In the later case, surface and
groundwater uses are competing and the managenfemine resource may endanger the
sustainability of the otheil.oo few papers address groundwater management by takingccount
the substitution process existing between surfadeuaderground resources.



Our purpose is to address how a multi-resourceesystould be shifted from a conjunctive use
system to a conjunctive management one. To do s@ssume that economic tools can allow this
shift; we also assume that excluding agriculturedugdwater uses may not be economically
righteous since optimal groundwater extraction pleould include irrigation from wells.

We compare four management tools and their impadiaaners' behaviour. We develop then a
microeconomic framework to model the irrigation idemn process in a multi-resource context
through linear programming methods. Our methodpplied to the French case study of the
Roussillon floodplain where two resources existugrdwater and surface water. Surface water is
distributed through a collective irrigation netwsrkvhile groundwater is withdrawn through
individual boreholes.

In the present papesection 2describes the management tools that will be latenpared.
Section 3focuses on the description of our modelling apphoahich is applied to our case study
in section 4 We then present and discuss the outcomes of odelnmsection Sbefore concluding
in section 6

2. Management tools

The instruments we aim at comparing will be asske#sanks to five criteria we will first describe,
before presenting more specifically a set of setbdhstruments which can be implemented to
manage groundwater in a conjunctive use system.

2.1. The five criteria to compare management tools

Aqggregate Income

The neoclassical framework intends at comparingirabtresources management instruments
through the efficiency criterion. Price-based instents are often seen as more efficient than
guantitative tools as they tend to reach marginats of use abatement, mainly when marginal
abatement costs are heterogeneous across ageesiE§ 2003). Our methodological framework
impedes us to compare instruments' efficiency. Weuse in this paper the aggregated income of
farmers and resource managers (the surface wapliau and the water agency) for each
groundwater consumption level as a proxy of efficie

Aggregated income should not however be addressdtieasole criteria for water management
instruments assessment. Price-based instrumentctrally not always chosen by policy makers
and quantitative mechanisms still remain the mosbentered instrument type worldwideaf®E,
1991): theoretical gains from price-based instrusienay be quite small — or even negative — in
practice (QTeS, 1990) and their implementation constrained by thirmational context.
Therefore, in this paper, we pay further attentimn four other objectives: acceptability,
predictability, durability and implementability.

Acceptability

Acceptability is a key issue for the enforcement inftruments since conditions of the
implementation are often bargained with stakehalder practice. When policy makers are
submitted to citizens' vote, political aspects eanmsaking acceptability of central concern. We
approximate in this paper the instruments’ accejittaby the level of farmers’ income.

Predictability

We define predictability as the ability of an instrent to reach as close as possible a targeteld leve
of abatement. Predictability helps water manageseture receipts and then their budget balance.
It provides further to policy makers credibility carsecures "returns” on costs supported by



authorities (implementation costs) and users (tafess or opportunity costs). We evaluate the
level of predictability of an instrument throughetkensitivity of groundwater consumption to the
instrument implementation (fee level, volumetriepr..).

Durability

Durability of infrastructures ensures the durapildf resource exploitation. We focus on the
sustainability of surface water supply. In colleetirrigation systems, operation and maintenance
costs of surface water should be recovered byuHace water supplier earnings in order not to fall
into the vicious circle of maintenance negligenoé a@rigation water demand decrease&RRY,
2001). To assess this cost recovery, we look fudhsurface water supplier receipts.

Implementability

Finally, an instrument has to be implementableisitherefore important to check if the legal
framework allows such instrument and if informatioeeded for instruments’ enforcement is
available at an acceptable cost. We call thisrooemplementability.

Efficiency, acceptability, predictability, durakyiand implementability are the five criteria which
will allow us to compare the following economictinsnents.

2.2. Description of two kind of tools to manage grndwater in a conjunctive use system

Two types of management instruments of groundwedarbe identified in multi-resource context:
direct instruments impacting farmer’'s behavior tovagroundwater and indirect instruments
impacting farmer's behavior toward surface wated ahus using the substitution between
resources to manage groundwater withdrawals.

Direct instruments

Direct instruments are based on price signals ¢taees or tariff) or on quantities (quotas).
Tax and fees

Tax or fee can be implemented to allow considedhgosts and benefits (and mainly the social
ones) which are not taken into account by curreigep: put at an optimal level, it internalizesrthe
the externalities, following the Pigovian framewbrkhe difference between the two instruments
deals with the final destination of fiscal receidises on water use are collected to fund specific
water recuperation actions (struggle against watdtution, supply increase or subsidies for
technological changes), and taxes go to the geseta budget, without any specific destination.

As external costs induced by groundwater extraci@n spontaneously not taken into account by
users, several countries implemented fees on fiwigavater withdrawals. Those fees are however
noticeably underestimated compared to the optimaldvel needed to incite farmers' consumption
to reach the social optimum. The pursued objedtivedeed in many countries more to fund water
authorities' financial needs (preservation actiand afferent administrative cost®)A(MOTTA et

al.,, 2004) than to reach the optimal desired lewElconsumption: it leads therefore to
overconsumption.

Pricing instrument usually provokes reluctance agnasers: for the same consumption level, it
decreases users' income; people are also poorfidenhin its effectiveness and claim that the
outcome of its implementation remairex ante uncertain. Therefore, we thus foresee its
acceptability to be low and its predictability te bncertain.

! See Provencher and Burt (1993) for a comprehersiveey on externalities ensuing from groundwateragtion
(PROVENCHERanNd BJRT, 1993).



In the present paper, we will test different level§ees on groundwater use implemented by the
French Water District Agency, as it actually exidiat at a too much low level to incite to lower
irrigation water withdrawals.

Quotas

Quotas belong to quantity-based instruments. Thetagumposes an upper limit to water
consumption and can be specified using volumetiggharge or time units (eventually combined)
(MoNTGINOUL, 1998). In general, it is accompanied of technplsgndards (on the deep and the
location of boreholes, on the type of pumping malgetc.).

Quota directly constraints users instead of indiyauodify their behaviour through market signals
(BoHm and RussEL 1985). It then represents for water manager aagtyato reach automatically
the desired abatement level and remains the matdsinstrument for environmental issues
inducing irreversible (BRDE, 1991) or heavily dangerous effects (i.e. witreptenarginal benefit
function) (BaumoL et al., 1988).

A guota system on groundwater consumption will thhesthe most predictable instrument we
attempt to compare. Most interviewed farmers orfigdd point out that they will be more likely to
accept a quota system than fees on groundwater.eX¥pect our model to reach the same
conclusion.

In the present paper, we will test the implemeatatf volumetric quotas. Theses quotas could be
allocated to irrigation farmers by water manageal€éd ‘Organismes Uniquéswhich have to be
created (before the end of 2010) on every wateyuree considered as structurally scarce (article
21" of the 2006 French Water Law): these water masagéll be in charge of sharing the
allocated volume between farmers who withdraw wétem the same water resource (in this
paper, the aquifer).

Indirect instruments

Surface water pricing

As surface water is an (imperfect) substitute wwugdwater, surface water pricing — implemented
to cover costs of surface irrigation network — jpgvates to the level of groundwater consumption.
Its level and its structure are therefore importantinderstand the choice of water resource made
by farmers.

Water pricing structure is often built to reflecists structure:

* Open canal irrigation systems face important ficedts while the conveyance cost of an
additional cubic meter is almost null, most of thenty apply a flat price structure.

» Pressurized on-demand systems traditionally applypireomial tariff accounting for
subscribed flow (or acreage owned) and water coponi because they encounter both
fixed and variable costs. Although it remains aeseffect of the pricing structure, the
volumetric part acts as an incentive toward a nefiective surface water use. Some argue
in favour of a purely volumetric irrigation watengng.

The choice of surface water pricing structure depeaiso on technical constraints like water pipe
size or pumping capacity. In the case study werdesm section 4 the surface water manager is

more constrained by water flows in the deliveryastructure than by water quantity: this explains
that he chooses a binomial pricing structure wlleeefixed part depends on subscribed flow and
where each cubic meter per hour subscribed giges to a free water allotment.

2 See GEYSEsfor a precise snapshot of irrigation network prigin France (GEYSES 1998).



To summary, surface water pricing structure isrdigid by a set of technical, structural and
budgetary constraints which must be satisfied taraputy the durability of delivery networks. But
surface water manager designs often its waterngristructure without taking into account the
possible substitute of its surface resource and ta@ face unexpected decreasing water demand.
To go further, we can imagine surface water prigtrgctures or levels that allow helping farmers
to shift in consumption from the aquifer to surfacater.

In the present paper, we will test different lev@isurface water pricing and two pricing structure
that the surface water manager could put to pteeservices. We will then compare: the current
binomial pricing structure (with a fixed part proponal to the subscribe flow) to a purely
volumetric surface water pricing with a limited sahibed flow.

3. Model description

3.1. Methodology used

We use a linear programming framework. LP has hesed for decades in agricultural production
economics (BussarD and DrnuDIN, 1988). It relies on the neoclassic rationalitypdiyesis,
standing that farmers maximize their individual fisothrough the optimal combination of inputs,
crops and acreages under economic, agronomic @hdital constraints. The originality of our
model relies mainly on the fine-tuned field workndowith farmers on the substitutability of both
surfacegand groundwater. This allows us to inferithpact of economic instruments on production
system

3.2. Optimization process

Our model relies on the static optimization of farfe annual profit/{), expressed as the sum over
crop c of annual p.ha. net beneflB:;) minus p.a. total water expenditures accordingesource
(WG) and minus labour costC). We assume farmers to be risk neutral. We pantitihe year into
24 equal perioddj as labour and water needs are typically seasonal.

(1) MaxIIxc,wor,FLowr,pLsLp)= ZcNBe. X = ZWC, — LC
3.3. Water equations

We split water costs into fixed and variable c@btS; andVCr) (2). Fixed costs are proportional to
the delivery flow of waterKLOW) (3) and variable costs gather variable watersc@stergy cost
or variable part of water pricing) and volumetees.

(2) WG =FG + (VC, + FEE).WQ,
3 FG = FIX..FLOW,;
Optimization is further constrained by:

* A periodic water need constraifd): periodic water needs (W} is saturated by rain
(RAINp) and irrigation water quantity (W from different resources.

(4)  ZcWNcpXe< RAIN, +Z,WQ,

* A water delivery constraints): periodic water needs delivery should be cegldry the sum
over resources of delivery flows (FLQWmultiplied by the irrigation, duration (K2 This
guarantees the needs to be covered even if rajpdesxls occur.

(5)  ZcWNcpXc <3 ID,.FLOW,

% Several authors recommend the Positive MathermaBcagramming (PMP) developed by Howitt in order to
reproduce more accurately farmers' decisionswWHiT, 1995). However, the lack of precise agricultutata on the
field impedes a precise calibration of the model.



3.4. Labour equations

Our model is accounting for seasonal and permalaéoiur costs (6) which equal the sum over
periods of the labour quantit$i,, PL.PLA multiplied by wages§LW PLW) (7)(8).

(6) LC=SLC+PLC
(7) PLC =PLW.PL.PLA
(8)  SLC=SLWz,SL,

Permanent tasks are done by permanent workersaanitl faccording to their availabilityPLA,
FLA) (9). We assume further that permanent workietg ¢an operate as seasonal workers in some
periods, once the permanent labour ne&ds\( ) of crops are fulfilled. This is introduced by the
residual permanent labouRIPL,) (9)(10). The sum of seasonal and residual perntdabour must
satisfy seasonal labour nee@ [\ ) (10).

(9) ZcPLNgpXc + RPL, < FLA + PL.PLA
(10)  Z¢SLNcpXc < SL, + RPL,
3.5. Land constraints

Land constraints are finally computed, incorpomtiand limitation through intra-annual crop
sequencing constraints with winter crop&)and summer cropsd (11)(12).

(11)  Zwe Xwe < SAU
(12) ZeXec< SAU

The endogenous variables of our model are cropsages (¥, water consumption from each
resource (W@, water flow subscribed to surface water managethe pumping capacity from
wells (FLOW) and permanent and seasonal workers hired on(fakrand Sk).

3.6. Instrument implementation

The different types of instruments presentedaation 2.2are tested: quotas or fees on groundwater
and a change in surface water pricing structureleve (the decrease of both parts of the binomial
structure or the implementation of a volumetricimg structure).

Technically, they are integrated in our model d¥a quotas on groundwater are incorporated by
adding a volumetric constraint over water quarditieithdrawn from wells. Taxes or fees on
underground consumption are introduced into theemwebst equation (2) as discount on surface
water and changes in the pricing structure.

4. Case study

4.1. Water issue

The Roussillon floodplain is located in the extresweith of the French Mediterranean coastline
and lies over a pristine multi-layer aquifer. Th@duction of drinkable water (about 45 bi)m
relies exclusively on groundwater and constitutes priority consumptive use. Agricultural uses
however routinely exist (about 25 bri)nwith about 1 300 farmers withdrawing from indiu
wells. Public authorities and water managers amaing at limiting farmers' groundwater
consumption to preserve the underground resourseth& irrigated agriculture constitutes an
important sector of the local economy, this limdatoccurs firstly where substitution with surface
water is possible (CG66, 2003).



We focus more precisely on the pressurized on-ddntatiective network of Villeneuve-de-la-
Raho whose water supply is secured by a 14 bdam. The network spreads over more than
33 km? and could be extended to 52 km?, while @igut 11 km? are today cultivated through
network waters. A free-access shallow aquifer {bciirring a variable cost estimated between 0.02
and 0.04 €/r) is underlying the whole area, directly competsgface water consumption. As
many other irrigation collective networks, the ¥ikuve-de-la-Raho area constitutes then a
conjunctive use system.

The current water pricing is a binomial one witHixed part proportional to subscribed flows
giving right to an initial water allotment. The iale part of the tariff account only for the cubic
meters beyond this allotment. This variable patovger than the mean price of the water initially
allotted. Two tariffs are basically proposed by supplier: the Basée ("Annexé) tariff favouring
those consuming high (low) volume relatively to théscribed flowTable Trablel details those|
tariffs.

Table 1: Tariff applied by the surface water suppler

Tariff Allotment Fixed Part Volumetric Part
"Basé¢ | 600 nt/m*h  74.006 €/rith 0.0629 €/m
"Annex& | 300 m/mh  55.456 €/mMh 0.1258 €/m

Farmers are incited to minimize its subscribed flewd then its water allotment) by splitting their
farm in different irrigation units and implementirgrotation between those units within fafms
Consequently, the pricing structure ensures thearktmanager to provide water even during pick
period as unlimited subscribed flows may congestriétwork. The structure is thus not shaped to
incite farmers to save water nor to account fossitidion between resources.

4.2. Farm types

We focus on the fruits (27%) and vegetables (6286)ass which represent about 90% of irrigated
acreages of our case study (RGA, 2000). A survenedeith local specialists of the agricultural
sector and irrigating farmers has concluded thatettare two main irrigating types of farm on the
area: the first type is specialized in orchardhsag peach trees and apricot trees while the second
type grows vegetables like salad, potato or arkehdVe limited the choice of crops because
market access is particularly constraining in treaalimiting farm diversification. The outcome of
our model seems to local specialists relativel\selto field reality. They are displayed Tiable
2Table2.

Table 22: Main features of farm types

Farm Type Type 1: Fruit producer Type 2: Vegetaivteucer
Area 20 ha 10 ha
Familial labour 1 person 1 person

Crop distribution

Early Peach: 52%
Peach: 36%
Apricot: 12%

Artichoke: 7%
Salad: 45%
Potato: 85%

* He decreases the flow needed for irrigation winiteeasing irrigation duration.




4.3. Climatic features

The Roussillon floodplain is one of driest Frenckaa Rainfall average level is about 570 mm p.a.
with a high intra and inter-annual variability. TiMbole crops cultivated there must be irrigated but
vineyard. We run our model over different seasengerm of rainfall to address the inter-annual
variability impact on farmer's behaviour. Wet, memmd dry years are computed with a 30%
deviation from average rainfall calculated with alaiver the 1971-2008 period. Intra-annual
variability is addressed via the multi-periodicusture of the model.

5. Results

Results presented in this section firstly deal vitie present shape of groundwater and surface
water demands derived from our model, and then eoenthe different management instruments
according to the five criteria presentedsiction 2.1.To simplify the presentation, results concern
here only the type 2 (i.e. vegetable producer)tHemmore, we observe that the sensitivity of the
model to rainfalls remains small as dry, mean aret years data lead to relatively similar
outcomes: it explains that we have not introduegthérs’ risk attitudes towards rainfalls.

5.1. Groundwater demand responsiveness to price sigj

Figure Figurel draws the derived demand for groundwater of tipe t§ farm from our Iinead
programming models. Total water demand (bold cunge)nelastic, but groundwater demand
(decreasing curve) is highly elastic to groundwatariable extraction cost (energy cost, water
fee...) due to the substitution between ground amthcel resources. It is particularly the case for
the current variable cost of groundwater, corredpuanto one of the most sensitive part of the
groundwater demand curve.

Figure 1: Derived water demand of a French vegetablproducer and impact on its income.
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5.2. Instruments comparison

Price instruments (fees on groundwater consumptiiscount on surface water pricing, and

surface network tariff structure change) and voluimeuotas on groundwater are now compared
on the basis of the five criteria describedg@ttion 2.1 Our purpose does not consist in identifying
the desirable groundwater withdrawals level, buhera to know for each level defined by a

hypothetical groundwater manager (tlé&rdganisme Uniqu8 the most suited instrument.

Aggregate income of farmer and resource managers

Figure ZFigure-2 plots the aggregate income generated by both caurénd groundwate}
consumption, i.e. the sum of farmer's, the surfaater supplier's and the Water Agency's earnings,
according to the groundwater consumption level.hnBebvlumetric and binomial surface water
pricing discounts enhance the aggregate income. difference with quotas and fees on
groundwater remains however small (about 3%) amditistruments slightly converge at high
groundwater consumption abatement levels (the rdifie shrinks until about 1.5%). The total
income criterion is then not sufficient to discnrate the selected instruments.

Figure 22: Aggregate income generated by the French vegetabproducer groundwater consumption. |

32000 T
@
P —e— Fee on Groundw ater Use
g 31000 -
E % Quota on Groundw ater Use
o
2
% —&— Discount on Binomial Surface Water
5 Pricing
()}
< 30000 —&— Discount on Volumetric Surface

/ Water Pricing
/
29000 : : : : :
0 10000 20000 30000 40000 50000 60000
Groundwater Consumption p.a. (m 3)
Acceptability

Fee and quota on groundwater decrease farmersigastien imposing reduction of underground
withdrawals (se&igure Figure3 where dots represent simulation outcomes for miffelevels of |
discount, quotas or fees): a fee reduces sharphy flacome in the early abatement level while
guotas act in a more steady way; the two instrusénally converge at high abatement levels.
Furthermore, farmers may prefer a discount on sarf@ater as it slightly increases their income
with abatement: for this reason, we assume that tijge of instrument is more acceptable by
farmers. Moreover, as the volumetric surface wpateing impedes reaching high abatement levels
(and also higher income for farmers for this leveéffort), the binomial tariff discount seems here
the most interesting instrument.
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Predictability

Quotas system performs best since it automaticalighes the targeted withdrawal level, whereas
fees and surface pricing act in an indirect waigire Figure3). Binomial tariff and fee systenj
allow achieving intermediate withdrawal level asngodots are regularly plotted on their curves.
Because a small shift in price could induce a shdrgnge in consumption (no intermediate
withdrawals level between 50 000 and 10 0GY the predictability of volumetric pricing is weak

Figure 33: Impact of groundwater consumption on the income ba French vegetable producer. |
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Additionally, a discount on binomial surface wapeicing could conduct to adverse effects: surface
and groundwater are substitutes in most casesthleytcan act as complementary inputs. This
phenomenon occurs for the second type of farmeagetable producer) (but not for type 1) on the
right part of the binomial pricing curvéifure Figure2 andFigure Figure-3), i.e. beyond the|
"current situation" point: a small discount on sgd water induces the farmer to grow water
consumptive crops (i.e. artichoke). As the increzfssurface water consumption is not sufficient to
cover additional water needs, in term of deliverdow or water quantity, groundwater
consumption increases. This phenomenon impactginelygpredictability.

Durability

Figure 4igure4 shows surface water supplier receipts accordinguidace water sold. Weiz
approximate further the cost faced by the supgbowing a high and a low cost hypothesis
(dashed curves). To do so, we assumed that the ¢ost supported by the supplier is delineated by
its earnings ensuing from the "current situatioleWf subscribed by farmers after the two tariffs
proposed by the supplier. Besides, we considerttigariable cost is circumscribed by the two
variable tariffs proposed by the supplier (3able HFablel for tariff levels). |

12



In term of surface network sustainability (i.e. winge define here as durability), fees and quotas
perform better than indirect instruments as th& $tdm ground to surface resource — at constant
surface water price — increases supplier's earnifiggr implementation may apparently guarantee
the network operation and maintenance costs tabdefl at high surface water consumption as
their curves are between the two cost hypotheseseMpricing discounts — and firstly volumetric
pricing — may conversely fail to guarantee cosbvecy.

Figure 44: Surface water supplier receipts according to Freah vegetable producer's surface water consumption.
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Implementability

To be considered as implementable, an instrumenst nollow regulations and laws, and
implementation costs need to be at an acceptaldé¢ (less than the expected gain). The likelihood
of the implementation of the proposed managemets tepends first on the French and European
legal frameworks and second on the implementatastscof the instruments which are related to
the informational needs for their enforcement.

Legal Framework

The proposed instruments can likely be implememtétde French and European legal frameworks.
First of all, water basin agencies exist, and patvadays fees on water withdrawals and
consumptions. Increasing the level of fees can beea realistic option, even if maximal levels for
water fees are nowadays directly put by the Frevetier law.
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The French legal framework allows also water quadtas 2006 Water and Aquatic Environment
Law introduces a new authority — the so-call€édanisme Unique— focusing on collective
management of irrigation water. Not implementedgrethe Roussillon floodplain, tH@rganisme
will be in charge of:

* Gathering farmers' demand for irrigation water atefined area.

» Asking to water authorities the multi-annual volue@sumable by the whole agricultural
sector on the area.

» Sharing the allocated volume between farmers.

» Defining rules in case of temporary water restictor suspension.

Undoubtedly, theOrganisme Uniquemanagement system seems to be a well-adapted legal
framework for implementing quotas since it reli@ssoquantity-based mechanism.

An action on surface water pricing seems mostdiffito implement. Following the cost recovery
principle recommended by the WFD (Directive 2000#80), it is difficult to imagine that a
structure which have at least to balance its budgetpt to loose money, only to save aquifer.

Informational costs

The information needed to implement groundwater agament instruments can be costly. Direct
instruments (fee and quota on groundwater) assumperfact knowledge on groundwater users
(registration) and their consumption (metering aadtrol). Such information is still lacking in our
case study since only 700 wells are registered thesabout 3 000 the Roussillon floodplain may
foster.

Indirect instruments do not suffer this shortconsingce the informational need focuses on farmers'
behaviour toward surface water which is not an egpsress resource. Surface water cannot be
hijacked and uses are perfectly known and meteyatidosurface water supplier in order to apply
the volumetric part of the pricing structure.

5.3. Summary and discussion

Table FFable-3 summaries results by comparing the relative perémce of the different
groundwater management instruments taking intowadcthe 5 criteria. It differentiates two cases,
which represent two levels of abatement that aittesrmight be willing to reach: a low level of
abatement and a high level one.

Table 33: Groundwater management instruments relative perfomance relatively to the abatement level. |

Abatement | Aggregate . o .. | Implementability
level Income Acceptability Predictability | Durability Tegal Framework] Total
Informational Cost
Quotaon | Low . . . + . +/- +4/.
Groundwater High : - + + H-| 4.
Binomial Low
; + + - . -+ -+
Surfapg wate High + + i i i+ i+
Pricing
Fee on Low . . - . . +/- J--
Groundwater High : - : + 1 1
Volumetric | Low
Surface wate High | * * - i I -/
7 no no no no no no
Pricing
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At low abatement level, surface water pricing instents perform slightly better than groundwater
based instruments in term of generated income,owiticonferring to them a decisive advantage.
They additionally raise farmers' earnings, fadilitg their acceptance by farmers. Outcomes of
their implementation remain however uncertain siacanall price change induces irregular shifts
in groundwater consumption. Sensitivity of grountevalemand to surface and groundwater price
signals imposes to the regulator to know perfefetiyners abatement cost and benefit functions in
order to predict underground withdrawals accurat@gsides, the complementarity between
resources could be encountered for vegetable pessliEading to adverse effects.

Furthermore, surface water pricing discounts —@mdfly the volumetric one —impede the surface
water supplier from generating sufficient receifstscover operation and maintenance cofsit
surface water pricing discount are the only insgata which could be implemented at a low
informational cost since groundwater consumptioousth neither be metered nor controlled. This
finally advocates for a quota system as the thmait most suited instruments for conjunctive use
management in our case study.

This result still holds at high abatement levehaligh quotas acceptance collapses as farmers
income decrease. Notice once again that volumetigng structure fails to reach the targeted
level and is thus not presented.

6. Conclusions

This paper aims at comparing several economic tadlEeh may be implemented to mitigate
current farmers' groundwater withdrawals in a coofive use context. A fined-tuned field work
has been done with farmers to understand the kieyspof substitution between underground and
surface water at the farm level. A linear programgrramework has been used to model fruits and
vegetable production systems. It shows that groabelndemand is sensitive to its cost.

Estimates of derived demand for irrigation watetenf conclude to short-term inelasticity
(BoNTEMPS and WUTURE, 2002), noticeably for farms using conservativegation technologies
(VARELA-ORTEGA et al., 1998), at least up to a given thresholdeptevel (QRRIDO, 1999).
Unresponsiveness to price signals leads to the aymstatement of the ineffectiveness of price
instruments for water conservation. In conjunctisg® settings, substitution makes each resource
sensitive to price signal although water consunmpis a whole remains inelastic, legitimating
deeper researches on price-based instruments.

In our case study, volumetric surface water pri@ng fees on groundwater consumption however
fail to satisfy our five criteria for instrumentsauation. We finally support the implementation of
a quota system in our case study since it seemg mdapted to the implementation of the
"Organisme Uniquewhich introduces groundwater management basembosumable volumes.

Such a conclusion depends nevertheless greatlfieonetative weight given to our criteria which
ensues chiefly from political priorities of poliayakers. Their inferences could be thus much
different from ours.

Finally, quotas effectiveness — as for the othestriments — relies on information about
withdrawers and their consumption that is still erfectly known. This advocates for further
researches on alternative management tools whightnbe effective even in an incomplete
informational context.

® Our lack of knowledge about the costs faced bystimplier hinders us from being definitively affative.
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