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From a blind truncheon to a one-eyed stick: testirthe lab aroptionaltarget-

based mechanism adapted to groundwater withdrawals

Abstract:

This paper proposes an optional target-based methaio improve the management of
groundwater withdrawals when farmers’ behaviorngerfectly monitored. It combines a

classical ambient tax (a blind truncheon), paidhsy group of farmers when the water table
level falls below a pre-defined target, with aniopal individual contract that enables

signatory farmers to signal their withdrawals andawoid the collective sanction if they

comply with an individual quota (a one-eyed stickhis mechanism is expected to be more
acceptable than the ambient tax and to help rethfoemation asymmetries between the
regulator and farmers. It is tested experimentallyhe lab with a contextualized protocol.

First results show that such mechanism reducesdvatals but that subjects are able to
coordinate in a repeated setting to extract arrnmédional rent.

Keywords:

Groundwater management; Imperfect information; &atzased mechanism; Coordination
game; Experimental economics.

1. INTRODUCTION

Being a common-pool resource, groundwater is ofidnject to the well-knowfragedy of
the CommongHardin 1968), namely overexploitation. Severabremmic instruments are
mobilized to limit over-exploitation such as pumgpitaxes, water quotas or marketable
pumping permits. However, they focus on individumhavior and impose that water
managers be perfectly informed on each water userisumption. This is rarely the case in
the real world. When legal and administrativeisgst are insufficient to monitor individual
withdrawals, for example when wells are neitheiicadfly declared to the authorities, nor
properly metered, then the groundwater may prespah-access resource features (Howe
2002). Groundwater is withdrawn in an imperfectomfational context and the above

instruments become inoperative.

Only little attention has been paid by scholarsthe specific issue of groundwater
withdrawals management under imperfect informdti@udying non-point source pollution

(Segerson 1988) or moral hazard in team (Holmstt882), several authors have nonetheless

! Dinar and Xepapadeas (2002) studied partially mese groundwater withdrawals as an input of pdytial
observed pollution emissions (Dinar and Xepapa@68ag).
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designed incentive instruments adapted to impeifdormation settings. Segerson (1988)
proposes darget based mechanis(@BM) where an authority able to estimate the aggte
pollution emissions of a well-defined group imposeseach group member a tax (or a
subsidy) proportional to the difference betweeneobsd group emission level and the group
target. . She shows that for a sufficiently higbeleof the ambient tax, the Nash equilibrium
yields an aggregate pollution level equal to theugrtarget. Giordana and Montginoul (2006)
point out that such @BM is well suited to manage unobserved groundwaitiéndrawals
since withdrawals of a well-defined group can bgraegimated by the groundwater table
level monitored at some observation points (Gioedand Montginoul 2006). By analogy
with non-point source pollution, we name unobsergeoundwater withdrawalaon-point
withdrawals The ambient tax (subsidy) would be charged (p&ithe groundwater table falls
below (above) the target level set by a regulator.

Although theoretically appealing, TBM are rarelyplemented in real world situations for
numerous technical, practical and political reag@irtle and Horan 200AL)n our opinion,

the two decisive reasons for the lack of succeIBdf are:

() The lack of acceptability: even agents who supplgostly effort to reduce their
individual emissions may be liable for the colleetitax if the group pollution exceeds
the target. This can be challenged socially asrg ueafair sanction and can even be
considered unlawful by many legal systems. Reickha al. (2009) mentioned the use
of a TBM for forest protection in Costa Rica thaishbeen abolished due to unfairness
(Reichhuber et al. 2009).

(i) The imprecise link existing between group behaviamd the observation of this

behaviour by the regulator.

The distinction between point source and non-psaurce problems depends on the cost of
observing individual behaviour (Millock et al. 2002n the groundwater case, increasing
observability is feasible by inventorying wells antktering withdrawals. Several authors

support the introduction of an individual dimensi@mnTBM by increasing observability to

2 For some examples see Ribaudo and Caswell (199%emerson (1999) and for an overview of the praktic
conditions under which TBM are the most suited, Weersink et al. (1998) (Weersink et al. 1998; Rilwaadd
Caswell 1999; Segerson 1999).



overcome the issue of acceptability (Xepapadea®;1Bthar and Xepapadeas 2002). We
define combined TBMas mechanisms combining group-based and individaséd

mechanisms, angptional TBMgiving the choice between individual or group nmeubms.

Xepapadeas (1995) studies an optimal combined TB8&uuncertainty. A mix of individual
and group taxes leads agents to reveal all orgbaineir individual behaviour. Kritikos (2004)
develops an optimal combineBM with individual and group taxes along with random
inspection. The individual tax is paid if the inspen reveals that the agent used more his
declared withdrawals (Kritikos 2004). Studying ihgact of groups’ cooperation on TBM,
Millock and Salanié (2005) propose an optional TBMjents must choose between a
monitoring system with an individual tax and a TBNhere group taxes depend on the
cooperation level of groups (Millock and Salanié@02D Karp (2005) extends Millock and
Salanié‘'s mechanism to a dynamic setting, addrgggioups’ cooperation as the formation of

clubspurchasing monitoring equipments (Karp 2005).

None of these papers do combine a TBM with an iddal quota system. The latter may
however be preferred by water users. Molle and &&rf2007) recall that a quota system
“appearsa far more satisfactory and practical solution tater savings in almost all real-life

circumstancésdue to transparency, administrative simplicityddmecause it ensures equity

among users without imposing additional incomedag#olle and Berkoff 2007).

We focus in this paper on practical aspects ofitli@ementation of an OTMB adapted to
manage non-point withdrawals in an agricultural tegth acceptability, information

asymmetry and contract duration. We test in a ctnédised lab experiment an optional
TBM proposing a choice betwedn a no contract situatiorwhere farmers are liable for a
TBM (e.g. a blind truncheon) an(@i) a contract situationwhere an individual quota is

allocated to the signatory farmer, provided he geanhis irrigation technology, reveals
information on his withdrawals and accepts to betratied by a regulating authority if the

group’s withdrawals exceeds the target. We assume the control can only ascertain
whether a farmer exceeds his quota or not, bubpdtow much. A contractor is thus liable
for a group tax if a control proves he exceeded dusta (e.g. a one-eyed stick). This
mechanism enables any complying agent to escapgdhbge tax. The remainder of this paper
is organised as follows. Section 2 formally devsldbe optional TBM. The experimental

procedure and hypothesis are described in sectiorhil® section 4 presents lab results.



Section 5 links these results to practical aspefcésreal world implementation of the optional

TBM. Section 6 concludes.

2. THE OPTIONAL TARGET BASED MECHANISM
In this section we present an optional TBM whiclproves the acceptability issue.

2.1. Baseline
Consider a group of identical agents withdrawingy, individually andW:Z?zle
collectively from an aquifer. Each agems the profit functioRO(wj), increasing, concave

and twice differentiable irw;. Due to technical or agronomic constraints, Iel\/\t;eEW the
maximum water volume each agent can withdraw. Profiximization imposes agents to

withdraw w each to eari®° = R(W). The collective withdrawals equam_\P = W.

2.2. No contract situation: a blind truncheon based on a simple TMB
Consider now a regulating authorifly able to estimate perfectly the aggregate behavior o

then agentd(ii) willing to impose each agent to withdraw < W . Unable to observwg, , he

imposes to th@ agents a group targéd = nw. If the group withdraw$V > W, each of the

group member must pay the group ##x= 7,.(\W-W). If W < W, nothing appends.

2.3. Contract situation: a one-eyed stick combining a TMB with quotas andandom
controls
Knowing that the blind truncheon mechanism mightrbassively rejected, the manager
proposes to each agent a contract wkiichllocates the quotev, (ii) imposes to declare each

borehole possesse(lii) and to measure individual withdrawdls) subsidises a change of

irrigation techniqugv) imposes that the farmer cooperates fully in cdsespection.

An agent signing the contract has a new profit mrnch(wj), with w, <w<w and

m:0. Contracting enables a more efficient use of water Rl(vvj)> R( W),

awj

Ow, <w. Maximizing profit, contractors however loose carp to theno contract

situation:ﬁ < E.



Since W' <W, there is no guarantee that a contracting agesperts his quota. If the

manager observes the group overtakes groundwateW\(i>W ), he imposes to contracting

agents a random inspection occurring with a prdibagi(1[0,1]. If the inspection reveals that
the agent respected his contract Qiljef.V\;) or if the agent is not controlled, then he pags n
tax. Else he is liable for the group tak = r;.(W-W). We assume here that controlling

authorities are unable to measure precisely thessxquantity withdrawn by a contracting

agent. In practice, farmers can cheat with a skaweigr or an undeclared borehole.

Figure 1: Description of the mechanism.

Contract Yes J?\ro
Group
target Overtaking No overiaking Overtaking
oW-W)
Control I-¢
Contract Respected Not respected
0 W -W)

Figure 1 resumes the optional TBM. The right sifi¢he tree represents the blind truncheon
where a group tax is applied in case of group akery. The left side schematizes the one-
eyed stick with random inspections occurring inecasgroup overtaking and the payment of
a group tax if a control reveals an agent has ekehis contract. To avoid certainly being

liable for a group tax, one can see that a comglggent has to sign the proposed contract

and to withdraww <w. Doing so he will pay no group tax whether coréalor not.

2.4. Incentive tax rates
The aim of the authority is to induce theagents(i) to sign up the contract during the so-
calledcontract stageand(ii) to respect the contract by Withdrawimgsw? through minimal
tax rates during the so-calledlume stage

Looking at thevolume stageit is straightforward that equation 1 defines thi@imal tax rate

ensuring that a contracting agent will withdravjv:V\?, provided he is not risk-lover. Under



such a tax rate, the expected profit of a conmmgaigent equal® = R(w) >3,
" = %—GR;\(NW) [1]
Looking at thecontract stageone can address the blind truncheon as a thbéiginm agents

to sign up. Under [1]7° must be set so the expected profit withcontractis lower or equal

toR . Let bew’ the water volume maximising the expected profihi@no contract situation

It can be shown that”, the minimal tax rate insuring that any non risker agent will sign

up the contract, is defined by equations 2:

=R [2a] o = KW= R(w) [2b]
ow w-w

The minimal incentive tax rate equals then the watarginal value witmo contractat the
point where this marginal value equals the per watgt gain from not contracting and

overtaking water.

Figure 2: Graphic presentation of the impact of themechanism on agent’s profit.

R_,.(w_,.)
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Figure 2 graphically illustrates the incentive taates calculation in a case of symmetric

players, with in light green theontract situationand in dark green theo contract situation

% Risk-adverse agents will Withdr&W{ =W too since this behavior guaranties the secured)ﬁde .



2.5. Impact of an over-stated group target
In the case of groundwater, authority estimates ghmup withdrawalW by observing
groundwater table leveQ. This estimate is imprecise due to the complextythe
relationship between withdrawals and the wateretdblel. To be sure of triggering the
optional TBM if and only if W>W, authority may voluntarily decide to increase the
threshold above which the group is submitted to dbkective sanction. Assume that the
water table signaling a total withdrawal \0f is Q. Assume however that there is positive
probability that there is a mistake in measuring timk between the two: for example

Q=N(W,0). To avoid punishing the group when the target dviilval is not exceeded, the

threshold is set a@'® = N(W + IR 0) with IR>0 being proportional to the estimate quality
of the group behavior (i.e. the hydrogeological lealge of authority).

In practice, authority sets u@"™ at the beginning of the irrigation period. Farmeen
however daily knowQ by observing the water table level into borehol&& assume that
farmers do have better information than authoritgl ahat IR can be interpreted as an

informational rent.

Under such a rent, the incentive tax rates defime@quations 1 and 2 still incite agents to

sign up, provided the informational rent is not togportant. They however miss in inciting

agents to withdrawy, =w . Each situation wher&/ =W + IRand 0|, = W constitutes a

Pareto-efficient equilibrium. All those equilibriuare asymmetric but for the one where each

agent withdrawsw, = w + IR/ n. The informational rent is thus a source of inggaimong

agents and may thus impact acceptability of theoopt TBM. We wonder thus about the
ability of agentq(i) to enjoy the informational rent and (ii) the waney would enjoy it in a

real world situation. To address this issue weaupdhe following experimental design.

3. EXPERIMENTAL DESIGN
In this section, we first describe the practicalgadure of the experiment and then present the
specific parameters we used. We finally derive disduss the corresponding predictions.

* Authority may in practice define two referencedsv a first one warning users that there are sisps of
group overtaking and a second one below which garscand controls are triggered.

5 Let be W' the water volume givin®’ (W) = R . This proposition holds fotR < n(w'— w) .



3.1 Practical procedure

The experiment was run at the Montpellier's Labomnabf Experimental Economic&EEM)

in June 2010. A total of 51 subjects were recruit@adomly with economic or scientific
background. Five 2-hour sessions were carried eath session gathering between 4 or 6
groups of three subjects. Each subject earned arage payoff of 20 € plus a 10 € fixed
payoff (5 € if subjects study on the LEEM site) bfacts were split into 3-subject groups of
“irrigating farmers” with no possibility to commuwsate and were unable to identify the 2
other group members. They do physically interady ovith experimenters for instructions
and payment, and a computer for plafingach session lasted 35 periods, three treatments
were successively played.

3.2. The treatments

Three treatments were played in each session (waihibject treatments): treatment O serves
as a baseline while treatments T and D are the abthe experiment. In each treatment,
subjects play a 2 stage game with, at each pdiretia contractstage— each subject decides
whether he contracts or not and is warned abountimeber of contracting subjects in its
group — and secondv@lume stage- each subject decides how much water he withdraws

Treatment O lasts for 5 periods only. Subjects are given theugrtarget and individual

guotas, but they know that there is no controlamrcsions.

Treatments T and Dlast for 15 periods each. Groups are rematched pétriods 5 and 10.
Each group of 5 periods can be considered a “saps{jin which repetition with the same
players can help coordinatibrThe optional TBM is introduced with an informati rent as
explained in section 2.5. Treatment D differs from@atment T in that once signed up, a
contract lasts until the end of a supergame. Ha@reréminds atemporary contract (i.e.
lasting a single periodnd “D” adefinitiveone (i.e. lasting until the end of the supergame).

® The computer interface was run with the Z-Tredveafe (Fischbacher 2007). Instructions are availabl
French upon request.

" We thus used partner designwith a rematching procedure which is close to ¢he set up by Selten and
Stoecker (1986) to address end-behaviour in regeatsoner's Dilemma (Selten and Stoecker 1986)s Th
design has been carried di)tbecausgartner desigris likely to be more realistic thatrangers designvhen
policies are implemented in non-point situations qi@od et al. 2005)ii) to disentangle learning from
coordination effects.
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A long-term contract implies that farmers are botwdheir commitment and are unable to
use a trial and error strategy. It is importannatice that if different in theontract stage
treatments T and D are equivalent in visdume stag€provided the same number of subjects
have signed up).

Adopting awithin procedure, we do not randomly assign group. Graufse first supergame
in treatment T were the same as in treatment Do(dlit second and third supergames).
Comparing treatment O and T isolates &M effect while comparing treatment T and D
controls for thecontract duration effectWe further test for anrder effectoetween treatment
T and D with 33 subjects playing treatment O, T #vah D and 18 subjects playing O, D and
then T. We finally observe 51 subjects playing with7 independent groups in treatment 0

and 51 quasi independent groups in treatment TDand

3.3. Parameters
Sessions were run with groups of M = 3 subjectsinfgathe same two-part linear profit

function Rk(vvj) depending on whether they sign (k = 1) or not (¥ the proposed contract.

The profit function, expressed in tokens, can berearized as follows:
R(w) = (13+ k). min(w , W )+ 6.max(y -w ,0

Water marginal value equals 13+k tokens beforedgheta limit is reached and 6 tokens

beyond. The following table provide the value ad thain parameters.

Table 1: Parameters used in the lab.

Parameters k=0 k=1
We 95 units 80 units
w - 50 units
R¥ 970 tokens 930 tokens
R - 750 tokens

Since the quota value i =50units, the group target equalé =150 units. In treatments T
and D, we assume that the informational rét 30 units so that controls and sanctions are
undertaken only if the group withdraws collectivély>180 units. We set up the probability

control of contracting subjects in case of excestsl twithdrawals atg =0.25 so that

equations [1] and [2] give the following minimaktentive tax rates:

7" 025 = 24 andr” = ¢ [3]



3.4. Theoretical and conjectural hypothesis

TREATMENT O

1) Subjects do not sign the contract and withdraavudits eachln the absence of any

sanction, a subject maximizing his gain will refusesign the contract and will withdraw the
maximum amount. We thus predict any subject nagigm and to withdrawa® =95 units
while a group will withdraww = 285 units.

TREATMENT T AND TREATMENT D

Contract stage

2) All subjects sign the contract in both treatnsent

With the tax rates given by equation [3] it is ardiant strategy to sign the proposed contract

in both treatments. Contract duration has thushroretical impact on theontract stage
3) Due to learning, an order effect may exist gatment D.

Subjects may be reluctant to commit definitivelycéese there are unable to experiment the
contract before backtracking: the definitive cootnanay restrict learning. When treatment T
is introduced to subjects before treatment D, tomtract situationhas already been
experienced by subjects and the definitive natdréhe contract should have no impact.
Conversely, when treatment D is played before, estibjmay fear to sign up the contract
because they cannot come back tortbecontract situatioruntil the end of the supergame. If
true, this may lead to the observation of @der effect that is, a significant difference
between contracting occurrences according to thaerosubjects face both treatments.
Attention is paid to the first period of each suy@ene and to the first supergame as a whole.

Volume stage: at group level

We remind that treatments T and D are equivalenhduhevolume stagerovided groups

have the same number of contractors. Assuminggtioaips are composed by 3 contractors:

4) Some subjects will exceed their quota; it is daoptimal to seek collectively the

informational rent.

Since contracting subjects may withdr&f<w, <8C, the game constitutes a 3-player 31-

choice (subjects can only choose integer valuesatidrawals) coordination game with

10



313=29 791 outcomésEach of the 496 outcomes whéake=180 is Pareto-optimal. Subjects

have thus an interest in coordinating their witheres on one of these equilibtia
5) Coordination will increase with repetition.

Repetition in apartner designis a coordination device since it gives information the
behavior of the other members of the group. Redutiie strategic uncertainty, repetition is
likely to increase coordination so the#f converges to the trigger point with periods. To
ascertain the increase in coordination is duedaélduction of strategic uncertainty we design
our experiment in guasi-partnerway, i.e. by rematching groups after a 5-periggesgame.

If the magnitude of the convergence within groupgdgnvergence) is still important during
the last supergames, coordination increase caadyeas a reduction of strategic uncertainty.

Volume stage: at individual level

6) We test the hypotheses that a focal point isaordinate on an equal sharing of the

informational rent.

The game is akin to a discrete Chicken game withaperative outcome. The Chicken game
(also known as a Hawk-Dove game) simulates a situatvhere [agents] differ strongly over
which equilibrium is preferred, where a Pareto-ompil but non-equilibrium compromise
outcome is available to cooperative [agents] ansldier occurs in the form of the mutually
worst outcome if neither cooperatgsnidal 1991). Here, the “disaster” is the triggé the
one-eyed stick and each subject “prefers” the asgimenoutcome where he withdraws

w; =80 units and the 2 others; =50 units. The preferred outcome constitutes a Nash

equilibrium in pure strategy, but this equilibriusnthreefold and no dominant strategy exists.
One can thus hardly expect coordination to occumiChicken game due to strategic
uncertainty, i.e. the fact of not knowing the spt adopted by the others. Disast&ts>180)

or inefficient outcomesW <180) are likely to occur.

Our game indeed differs from a classical one-shotk&n game because we introduce two
coordination devices — reciprocation and repeti{arnstein et al. 1997) — that are pregnant

8 Withdrawingvvj <50 would be irrational. We exclude this possibilitgrh the analysis.

° A Pareto-optimal outcome means there is no otheilibrium with greater or equal payoffs to all fedts and
a strictly higher payoff to at least one subject.
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in an agricultural conteX The discrete choice feature of our game mimiesatility play in

mixed-strategy in a 2-choice Chicken game. Theldguwm where each subject withdraws

W =w + IR/ n=60 is Pareto-optimal. Being a symmetric equilibriuin,constitutes the

cooperative outcome of the game and a focal-p&8oh¢lling 1960). Subjects are thus more

likely to coordinate than in a pure Chicken game.

Repetition impacts cooperation with 2 counteracforges. On one hand, repetition may help
in establishing confidence helping subject to setth the cooperative equilibrium. Some
experiments reveal that players are able to cotpemrepeated Chicken game without
symmetric equilibrium — by adopting mixed-strategg, through turn-taking (Deutsch and
Lewicki 1970; Bornstein et al. 1997). One can thupect the cooperative equilibrium to be
often reached in our game. On the other hand, itepetgives information on group

members’ behavior. Due to subjects’ anticipatidredieves and motivations, the cooperative

equilibrium is likely to be unstable. The followisgory illustrates this instability:

“After a first period of equal sharing, subjectsvthdraws in period 2 more than
the cooperative strategy betting he will not be tomled in case group

overtaking. Subjects B and C observe the abovevilmhand escape the group
mechanism by withdrawing/ =50 in period 3. Observing B and C’s behavior,
subject A takes the “shares” left by B and C anthdiaw w* =80 in period 4.”
This story recalls the first mover advantage inesgpd Chicken game. Preemption is there
another coordination device (Bornstein et al. 198@) arm wrestling between subjects to

capture the rent may result in reaching stable asgtmc Pareto-optimal equilibrium. We

identify 3 strategies likely to be often chosencbytracting subjects:

= TheDovestrategywhere a subject withdrawsg =50and escape the group sanction. It

may reflect the will of escaping an arm wrestlingbe related with risk aversion.

= The Cooperativestrategywhere a subject withdraws =60 to share equally the

informational rent.

19 A third important coordination device is communiea which could mimic irrigators unions alreadyisting
worldwide in many irrigated areas.
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= ThePure hawkstrategywhere a subject withdrawg =80to capture the rent share of

other subjects. It may reflect the will of engagearm wrestling or risk behavior. It

can be interpreted as free-riding tbo

We wonder whether subjects will converge to or djegfrom the cooperative equilibrium.
The equity issue
7) Will subjects judge the optional TBM as equigdbl

Asking 76 irrigating farmers about group taxes, k§gmoul and Rinaudo (2009) found an
acceptance rate of 0% (Montginoul and Rinaudo 2089g\bling complying subjects to
escape surely the one-eyed stick, we expect ouhamésm would perform better. We do not
however ask subjects about acceptability but rathlbout equity since it would be
incongruous to ask students whether they would épiticsuch an instrument or not. The
acceptability issue seems however to the autharselyl linked to the inequity one. The
informational rent being a source of inequity amenbjects, we fear the optional TBM will
be judged as inequitable by our subject pool. Tblowing section presents the main

experimental results.

4. RESULTS

We first present the experimental results of th&t Bupergame carried out in treatment O and
then jointly the results from the 6 supergames ootetl under treatments T and D.

4.1. Treatment O
1) A large minority of contracts are signed anae# are made to reduce water withdrawals.
Although there are no financial reasons for sigramgl/or withdrawing less than allowed,

some subjects frequently do so. A majority of satgerefuse the contract, but 36.4% of
proposed contracts are signed, so that groupsmaiodl.1 contractor in average. Groups are

thus able to withdraw up t. 1x ! + (3- 1.1)<W: 268.( units, but they “only” withdraw

244.3 units in average with a high dispersion (Feg8). The environmental target is even

reached in nearly 5.5% of cases.

1 The game can be seen as a threshold public bad: gaoh subject has to choose the amount he inveats
collective account (or avoided withdrawal) and kel given amount of collective investment, a publd is
produced (the one-eyed stick).

13



Figure 3: Average and standard deviation of the vaime withdrawn by groups according to treatment.
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4.2. Treatment T and D
Contract stage
2) A minority of contracts are not signed.

85.5% (respectively 86.7%) of the proposed cordgrace signed by subjects in treatment T
(treatment D). This percentage increases duringrgames and from a supergame to another.

All the three members of a group are under contra88.1% (65.1%) of cases.
2") There is no contract duration effect.

Looking at the number of contracting subjects peup, there is no significant difference
between treatments T and D (p = 0.517, paired WMt If the average percentage of
contract situationin the first period of each supergame is lowetr@gatment D (78.4%) than
in treatment T (84.3%), the number of signed casgrger group is not significantly lower
(p = 0.1406, one-sided Wilcoxon-Mann-Whitney (WMW8st). In treatment D, the first
period average percentageaaintract situationis much lower than later on (from 85.6% to
92.2%). if the existence of an effect cannot ballptrejected, it is at least partially due to the

cumulative nature of sign occurrence in treatment D
3) There is an overall order effect on signingrgatment D.

The average commitment rate in treatment D is 89ib%eatment T is played before
treatment D, and 81.5% else. This difference isi@ant (p < 0.001, WMW one-sided test):
an overallorder effectexists in treatment D. Focusing on first playegesgame and first
played periods, this effect surprisingly vanish>(p11 in both cases) Tharder effectis
inexistent during the first period and the firspgetgame but appears later on: learning is not a

reasonable explanation for theder effect
14



Volume stage: at group level

4) The collective target is exceeded.

Figure 3 displays group withdrawals in each treattm&he comparison between treatment 0
and treatments T and D shows a clEBM effect the average group volume drops from 244.3

units in treatment 0 to 180.6 and 181.5 units @atiments T and D. This effect falls short of

the targetW’ = 150 units which is less respected than in treat€3.53% of cases).
4’) Subjects coordinate on the trigger point, mgfficient equilibria are often reached.

Looking at Figure 3, one can see that group voludeesot statistically differ from the trigger
point (p > 0.35 in both treatments, WMW test). Grarolume however equals 180 units in
only 20.0% (27.8%) in treatment T (treatment D) lehthe one-eyed stick is triggered in
nearly one third of cases (24.8% and 37.3%).

5) Repetition within a group improves coordinatigithin a group.

From this point, some choices have been made ityang the data. First, to ease the
analysis, we focus on the 64.1% of groups with 3te@ting members. Second, as
coordination evolves during the experiment, we y®lour data keeping periods and
supergames as explanatory variables. This meammuledata of treatments T and D carried
out in different orders since 31 subjects playedtment T (D) during supergames 2 to 4 (5 to
7), and 18 subjects played treatment T (D) duriqmesgames 5 to 7 (2 to 4). This is expected
to have no impact on data since treatments T amadeDequivalent during theolume stage

We finally found that coordination increases wiltipds but not with supergames.

Figure 4: Group volume according to period and supggame. Data from 3-contractor groups.
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Looking at average group withdrawals (Figure 4)ligrium types occurences (Figure 5)
and group volume dispersion (Figure 6), three oladEms can be made. First, the volume

withdrawn by groups tends to increase with bothqgolsrand supergames to get closer to (and
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sometimes exceed) the trigger point in averageufvathdrawals increase for example from
177.7 to 180.4 units from period 1 to period 5, lehirom 174.0 to 181.4 units from
supergame 2 to supergame 7. Groups tend to shvingptheir withdrawals risking “disaster”
rather than under-exploiting the informational rent

Figure 5: Evolution of the occurrence of “disaster’(W>180), coordination (W=180) and respected target
(W<150) according to period and supergame. Data from-8ontractor groups.
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Second, coordination seems to decay from a supergamnanother. Figure 5 presents the
frequency of different equilibrium types accordiogperiod and supergame. As group volume
increases toward the trigger, one can expect tieabmne-eyed stick will be implemented more
frequently by authority with periods and supergaméss is clearly the case with supergames
since the occurrence of disaster almost doubles frearly 20% up to roughly 40%: seeking
the rent, subjects fail in coordinating sufficigntb avoid the sanction. Coordination decays

but for the last supergame.

Third, coordination equilibria are more frequentiached with repetition within groups. Its
occurrence rises from 17.0% to 27.4%. Despite ggomgrease withdrawals, repetition

improves coordination to avoid disaster: sanctiocuorence falls from 35.9% to 30.1%.

Figure 6: Coefficient of variation of volume withdrawn by groups and subjects according to period and
supergame. Data from 3-contractor groups.
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One can synthesize the above information lookinghat coefficient of variation of group
volumes in Figure 6 (red bold curve). The lower the&persion of group volumes, the more
likely the Pareto-optimal outcome, and the morecsssful the cooperation. One can see a
decrease of the coefficient of variation with pdsofrom 10.1% to 7.7%. This confirms
coordination improvement within groups: group voasmtend to converge with periods.

Notice that no convergence appears with supergames.

To conclude, groups tend to increase withdrawatk periods and supergames. On the one
hand, repeating the game within the same groupvalkubjects to compensate this increase
through a better coordination to avoid the one-estezk. On the other hand, the experiment
going on, groups apparently fail in improving caaetion changing from a group to another.

The general rise in group volume leads to a maguient use of the one-eyed stick.
Volume stage: at individual level
6) The cooperative strategy is not a focal poihg tlove strategy is more frequently chosen.

We focus now on data at the individual level. Itheh heterogeneity of withdrawing
strategies exists, around 80% of this heterogengitgsumed by our 3 expected strategies.
The doveone is most used with 41.8% of occurrence. Subjdotcomply much more than
one could expect. Thmoperativestrategy has been played only in 25.2% of casese@ihs

at first glance far from being a focal point. Tinere hawkstrategy has been chosen in 14.7%

of cases that is roughly as much as intermediedéesgiies with 60 w; < 80 units (13.7%) that

we latter call thdnawkstrategy.

6’) If strategies are globally stable, some sulgeatdividually adopt first a predefined

strategy before adapting to the behavior of theugro

We look at the stability of individual behaviour Bgalysing the coefficient of variation of the

volume withdrawn by each subject and its evolutioth periods and supergames (blue thin
curve in Figure 6). While volume dispersion decesast group level, the dispersion of

individual choices interestingly increases withnogps between period 1 and 3 from 4.6% to
roughtly 10%. This reflects that subjects routinalyopt a given strategy during period 1
before diverging from this strategy. This divergemoints that subjects gradually adapt their
strategy according to the behaviour of the diffegroups they play with.
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Figure 7 presents the evolution of the three idiedtistrategies occurrence with periods and
supergames plus the hawk strategy. The dove syrsgagore chosen during the first period
(46.5%) and the first supergame (47.1%) than |ést@ble close around 40%). Some subjects
use thus this strategy as a safe haven beforeteppiimg clearly both the rules of the game
and the behavior of other group members. Noticéhéurthat subjects rarely chose other
strategies than the 3 identified in period 1 (9.4%tibjects prefer to follow routinely one of

the identified strategies before adapting.

Figure 7: Individual strategy occurrence in treatment T and D according to period and supergame. Data
from 3-contractor groups.
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We wonder about the stability of ttemoperativestrategy within groups. Its occurrence is
constant with periods (between 25.7% and 27.0%godés not “attract” subjects as should a

focal point. A slightend game effe&ven appears in period 5 (21.5%).

If no clear pattern emerges by period, twee hawkstrategy is more frequently used as the
session progresses: chosen in 9.4% of cases dsupgrgame 2, its occurrence roughly
double to reach 19.1% in supergame 7. Other stesmtdgping roughly constant, the increase
of disaster occurrence with supergames is provdikedn uncompensated increasepafe
hawk occurrence. Since this strategy can be interprietedrm of free-riding, this evolution

echoes the increase of free-riding in repeatedipgbbd games.

To conclude on subjects coordination, let firstentide that thecooperativestrategy does not
exhibit the property of a focal point since too feubjects chose it. A potential explanation is
that the difference between gains before sanctfooooperativeand dove strategies are to

close. The expected gain from risking cooperati®rinsufficiently incentive compare to

2 For concrete data, see for example papers fromb@aaisd Maynes studying threshold public good games
(Cadsby and Maynes 1998, 1999). In our experimbatirigger point assumes the role of the threshold.
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securing gains by escaping the one-eyed sticknRakeooperators may thus behavalase.
This explanation is consistent with the high numifesubjects respecting the quota. Second,
the first supergame and first periods act as olasierv rounds between members of a same
group. Thedovestrategyenables subjects to wait and see, mainly durirgg fieriods where
the strategic uncertainty is the highest. Thir@, iticreasing number giure hawkwe observe
with supergames is responsible for the increasgranp volumes and sanction occurrence.

The experiment progressing, free-riders endangadaaation.
The equity issue
7) The subject pool is divided on the equity issue.

We asked the following question to subjectdpésthe system of control and differentiated
sanctions in treatments T and D seem equitableu®y49% do answer negatively and 47%
positively. If our mechanim do not achieve unaméquity is apparently not an insuperable

hurdle to the implementation of the optinal TBMver with a mispecified target.

5. SUMMARY AND DISCUSSION OF THE EXPERIMENTAL RESULTS

Our results show a clear effect of the control saction mechanism on both contracting and
withdrawals. The existence of an informational réotvever impedes the respect of the
environmental group target. The mechanism onlytstaverage withdrawals down to the
trigger point. If our mechanism is not robust te ithformational rent, the later is likely to
decrease as the hydrogeological knowledge of titeodty improves. The smaller the rent,
the less theooperativestrategy pays off compare to tdeveone. Quotas are thus likely to

be increasingly respected with time.

The number of contracting subjects does impacgtbap volume. Increasing the amount of
the blind truncheon — keeping the one-eyed stiakabg would increase the percentage of

contractors and thus decrease group volume.

Groups increase withdrawals with periods and swgrees, willing to seek the informational
rent. Willing to avoid disaster, they do improveomination within group but not from a
group to another. Individual strategies seem tadbatively stable with time at the global
level, but subjects individually change their stgaés to adapt the group behavior. An
uncompensated increase of rent seeking strategyrecce from group to group endanger the
effectiveness of coordination. Furthermore, theeobed rise of withdrawals within group
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poses the following questionsvhat if more than 5 periods? Would groups exceeal th

trigger? By much?

In real world, farmers are unlikely to be frequgnématched. We should pay more attention
to the evolution with periods than with supergamiése rise of coordination within groups
presents 2 major advantages for a regulating atghdfirst, the decrease of “disaster”
occurrence limits the implementation cost of thechamism (control cost) and the financial
transfers between farmers and the authority. Sedbedlecrease of group volume dispersion
by implementing the optional TBM (Figure 3) is actte&ted with periods (Figure 6). The
authority will thus better anticipate the colleetivmpact of withdrawals on the water
resource. The increasing dispersion of the volum#isdrawn by subjects however induces

that individual behaviors are less and less pratiet

6. CONCLUSION

Imperfect information impedes the use of classmstruments — tax, quotas or water markets
— to manage groundwater withdrawals in numerouswedd cases, mainly in an agricultural
context. Target based mechanisms that have beetoped in a context of moral hazard in
team management or of non-point source pollutionla suited to address the issue of non-
point groundwater withdrawals. The implementation tlkose mechanisms seems to be
hindered for practical and political reasons amuiingch a blatant lack of acceptability by

water users.

In this paper, we develop and test in the lab diooal target based mechanism combining
group taxes based on a collective target and difteated depending on whether private
information is revealed or not witlil) a system of individual quotas and random inspestion
Agents are incited to reveal information and to pgnwith the individual quota. Conversely
to previously developed target based mechanismemable complying agents to escape
surely group sanctions so that they do not bearexagss burden but the cost of reducing

groundwater withdrawals.

The mechanism is however not robust to a mispecdalective target and people repetingly
interacting achieve to coordinate to exhauste tifi@rinational rent without suffering much
the group sanction. Despite this rent is a soufcenequity, equity is apparently not an
insuperable hurdle to the practical implementatibthe optinal TBM.
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