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Abstract

In this paper, a unified framework is provided for analysing both the emergence of negotiated water
alocation arrangements and the presence of incentives to cooperate in investment projects which
improve water infrastructures. The two issues are closely related: on one hand, a growing number of
conflicts over the allocation of water resources are resolved trough negotiations. On the ather hand, the
effective amount of water availableisvery likely to depend on the effortsthat the parties devoteto the
construction, operation and maintenance of water infrastructures. However, in many real -life contexts
it is not feasible for the parties to define in an early state of the affairs what contributions should be
made, and how the potential surplus created by their investment should be shared at the end. When
contracting possi bilities areincompl ete and the surplus from cooperation needsto be divided at an ex
post stage, traditional literature predictsthat severe hold-up problems may arise, whichinevitably lead
to underinvestment. The article showsthat thisis not alwaysthe caseif one admitsthat the negotiating
parties have some concern for fairness which depends on the level of effort they invested in theinitia

phase. Following outcome-based models of fairness, | assume that players have preferences entailing
aversion for unequal distributions, and that their degree of aversion for inequality isincreasing intheir
investments. Within this framework, the incentives to cooperate turn out to be higher than what
traditional theory predicts. In particul ar, when the production technol ogy is complementary in players

investments, full cooperation almost always emerges as an equilibrium of the game wheniit is Pareto-
efficient. These results are consistent with recent findings from experimental literature and have
interesting policy implicationswith regard to the design of ass stance strategiesfor water infrastructure
development. If resource users can overcome collective-action problems, as the model predicts, then
promoting local investment in the development of water infrastructures may be more efficient than
providing external founds. By creating a local sense of ownership of the resource, a substantial

involvement of the resource usersin project devel opment may produce favourableresultsalsointerms
of water allocation arrangements.



1. Introduction

Asrecently stressed by many publications and international events', water resourceisbecomingincreasingly
scarce, both in terms of quantity and quality. Current estimates predict that, if the situation at the global and
regional level is not atered significantly, by 2050 at least one in four people will live in countries affected by
chronic or recurrent shortage of freshwater (Gardner-Outlow et d., 1997).

Water scarcity has many causes varioudly interrelated with each other. The exponential growth of human
population of the past hundred years, and climate variability have certainly played acrucial role. However, the
situation has been further aggravated by the inefficient management and allocation of the resource and the
degradation of available water by pollution.

Traditiona approachesto water management, rooted either in acentral -planning/interventionist approach —
e.g. command and control instruments — or in amarket-based approach — e.g. the assignment of property rights
for improving the workings of the market economy — have proved by and large ineffective.? These approaches
fail to fully take into account intrinsic characteristicsto water, first of all the multiplicity of itsuses, which area
combination of economic and hon-economic uses, often in conflict with one another and technicaly difficult to
quantify. To complicate mattersfurther, from aphysical point of view water isunevenly distributed intime and
space, is hard to transport and allocated and is often of transboundary nature.

Thelimitations of traditional mechanisms, associated withincreasingwater scarcity, haveled totensionsand
conflictswithin and among countries. At theinternational level, water has been cause of disputes between Arabs
and Isradlis, Indians and Bangladeshis, Americans and Mexicans, and all theriparian states of the Nile River. At
the domestic level, conflicts over water typically involve agricultural, urban and environmental groups.

It is therefore urgent to find new ways and means for improving water management and enhancing the
potentials of water as a catalyst for peace. In recent years, one of the responses has been to promote collective
negotiated decision-making procedures. The ideais that negotiated decisions can lead to management choices
which are better adapted to local conditions, and can result in easier implementation, lesslitigation and improved
stability of agreements. Furthermore, negotiated policy making opens up the possibility of ‘participatory
planning’, which is becoming progressively more important for policy makers worldwide.*

Despite the growing emphasis on negotiation that one can observeinreal-life, relatively littleisunderstood
about the forces driving bargaining processes, and the interactions between the structure and the outcomes of

negotiations. Thereistherefore arising demand for investigation in negotiati on theories and techniques, aswell

! See, for instance, the UN World Water Development Report (2003), UNEP's Global Environment Outlook 3 (UNEP
2002), the numerous reports by the World Water Council (http://www.worldwatercouncil.org), and references therein.

2 See, for example, Margat (1989), London and Miley, Jr. (1990), and Frohlich and Oppenheimer (1994).

¥ About 40% of the 261 river basinsin the world are shared among two or more nations, asindicated in Wolf et al., 2003.

*The concept of public participation as an important prerequisite for achieving sustai nable development first emerged
at the 1992 Rio Conference. In particular, Chapter 8 of Agenda 21 identifies ‘information’, ‘integration’ and
‘participation’ as key factors for sustai nable development, to be implemented through the use of participatory planning
approaches. More recently, in the field of water management, he EU Water Framework Directive (EU 2000) states that
water users (as well as the general public) should be involved in developing and implementing river basin management
plans.



as in applied models which can be used by decision-makers to better understand what factors may affect
agreements and where and how bargaining processes can be shaped to obtain a more desirable state of affairs
with respect to shared water resources.

Research on negotiation has, in fact, significantly increased in the last decades, involving several disciplines
and techniques. In particular, game theory has been recognised as one of the most useful tools in the study of
bargaining situations becauseit allowstheincorporation of economic and political aspectsand providesaformal
language for describing the rulesthat govern interaction among agents. The branch of gametheory called ‘ non-
cooperative bargaining theory’ isvery suitableto analyse situationsin which cooperation cannot be ensured and
binding agreementsare not afeasible option. Thisapproach, indeed, explicitly modelsthe strategic incentives of
the actorsinvolved in the bargai ning process, and providestheoretical prediction of what agreement, if any, will
be reached by negotiatorsin the absence of external interventions.®

These strategi c aspectsare crucial in the management of water resources, especialy of transboundary nature,
for which thereis no supra-national authority that canimpose a centralised sol ution and the partiesinvolved are
normally complex and with competing interests. Y et, although the characteristicsintrinsic to water resources, as
well as recent policy trends of participatory planning make the approach of non-cooperative bargaining theory
particularly appealing for application in thisfield, few theoretical models have been applied to water issues and
most of the existing applicationsfail to explicitly address the process through which an agreement is reached.®

This can be partialy explained by the complexities involved in the negotiation processes. negotiation
outcomesover water may beinfluenced in more or | ess subtle ways by the socio-economic and politicd situation
inwhichthe negotiation takes place, aswell as by other, seemingly unrelated, issues. Intheory, formal models of
bargaining can integrate these exogenous factors, hence expl oring their impacts on the negotiated outcome, but
their identification, quantification, and introduction may be difficult from atechnical point of view.

Asrecently stressed by Carraro et a. (2005), another and more plausible explanation for the low empirical
application of non-cooperative bargaining theory to water issues can be found in some gapsthat till exist inthe
theoretical literature.

Most of the existing works, for instance, assume that the ‘ pie’ under negotiation is fixed and exogenously
provided. Evenin modelswherethe size of the pieisallowed to vary stochastically, the nature of uncertainty is
typically independent of players’ actions.” In particular, the possibility and effects of complementary investments
by the parties, that may influence the size of the pie under negotiation, has not been analysed satisfactorily yet.
This aspect, however, is central in the case of water resources. Water by itself rarely gives utility: it must be
stored, moved, channelled, pumped and piped to be useful. Hence, the amount (or the utility) of water will very

likely depend on the level of investments chosen by the parties. Understanding players’ incentivesto invest and

® See Harsanyi (1977) for a basic discussion of the relationship between cooperative and non-cooperative games, and
Binmore, Rubinstein and Wolinsky (1986) and Krishna and Serrano (1996) for analyses of the connection between the
axiomatic approach and the sequential strategic approach to bargaining.

® See Carraro, Marchiori and Sgobbi (2005) for a recent review of applications of non-cooperative bargaining theory to
water-related issues.

’ Seg, for instance, Merlo and Wilson (1995), Eraslam and Merlo (2002), and Furasawa and Wen (2001).



theimplicationsof such investmentsfor the conduct and outcome of negotiationsistherefore fundamental when
dealing with water problems.

Becausewater resourceis so essential for physica survival and for the soci 0-economic devel opment of every
nation, another aspect which cannot be disregarded when studying water negotiationsisthe perception of fairness
in bargaining. In recent years, the theoretical literature has proposed a number of mechanisms through which
fairness may affect negotiators' behaviour. One mechanismisthe ‘fear of rgjection’: anegotiator would make a
fair proposal not because of altruistic motivations, but rather because he believes the other party cares about
fairnessand hefearsthat an unfair proposal would berejected. Thisisthe path followed, among others, by Fehr
and Schmidt (1999) and L opomo and Ok (2001). In these works, fairnessismodelled as’ self -centered inequality
aversion’: each bargainer’s utility function depends positively on his share of the pie, relative to the median
share.® Rabin (1993) provides adifferent approach, which focuses on an alternative manifestation of the concern
for fairness. perceptions and beliefs about another party’ sintentions. The underlying ideaisthat people mainly
care about the matives behind their opponent actions. In this case, players’ utility functionswork asfollows: if
one perceives hostility from his opponent, the optimal strategy isto answer with hostility; if, onthecontrary, one
perceives kindness, he should answer with kindness.

A limitation of these types of modelsis that players concern for fairnessis defined in an ‘ unambiguous
way, in the sense that it is exogenously assumed.

Asprevioudy noticed, in many real -life situationsthe pie under negotiation crucidly depends (either interms
of itssize, or of itsutility/productivity) on players' level of investments (in the case of water, these may be dams,
irrigation projects, reduction of emissionsetc.). Whenthisisthe case, it seemsreasonableto assumethat aplayer
concern for fairness will also be affected by hislevel of investment. In other words, the ideais that, when the
surplus under negotiation has been (at |east partially) created by the subjectsthemsel vesrather than provided for
free, aplayer aversion for unequal distributions of the outcome is higher, the higher the effort he made. Asa
result, the final outcome of the negotiation may be different from the predictions obtained by models which do
not take into consideration these aspects and/or their interaction.

Inthis paper, | will focuson players’ incentivestoinvest and on their implications—through their direct and
indirect effects — for the conduct and outcome of the negotiation. The aim of the analysis is to provide a
theoretical framework which is more suitable to the study of water negotiations and can therefore better realise
the potentials for policy support offered by modelling water problems using the theory of non-cooperative
bargaining.

Therest of the paper is organised as follows. Section 2 describesin detail the structure of the model and its
mai n assumptions. In section 3, the equilibrium of the gameis derived for thetraditional utility specification,i.e.
assuming that players have no concern for fairness. The results are then discussed in light of existing
experimental findings and empirical evidence from water negotiations. In section 4, preferences entailing
inequity-aversion (as suggested by Fehr and Schmidt, 1999) areintroduced and the rel ationshi p between players

8 Infact, Fehr and Schmidt (1999) also allow for an altruistic component of fairness, i.e. their utility function is
decreasing both in disadvantageous and in advantageous offers. The first effect, however, is aways predominant.



levels of investment and their degree of aversion for inequality is defined and discussed. The two-stage game
between inequity-averse playersistherefore solved. Finally, section 5 summarisesthe main findings of the paper

and its policy implications.
2. TheModd

2.1 Structure of the game

Consider awater body (for instance, ariver basin) shared by two nations or two different user-groups, i and;j.
Theamount of water available within the basin isreatively scarce, but can beincreased if agents engagein an
investment project, such asthe construction of adam or reservoir, or the reduction of water pollution. Theparties
facetwo problems: on one hand they haveto decidetheir level of investment, and onthe other hand they haveto
agree on the partition of the surplus (in terms of water availability) resulting from the project.

In many real -life situations, it isnot feasible for the partiesto writedown in an early state of the affairswhat
contributions should be made, and how the potential surplus created by their investment should be shared at the
end. In other words, comprehensive contracting is often too difficult or too costly and the surplus from
cooperation needs to be divided at an ex-post stage.

The problemwill, therefore, be modelled as atwo-stage game in which the partiesfirst take, independently
and simultaneously, their investment decisions, and then negotiate over the partition of the surplus produced. It
will be assumed that there are only two possible levels of investment (or effort) among which to choose: =0
(low effort) and e,=1 (high effort).

The second stage, or negotiation stage, isrepresented asin an infinite-horizon, alternating-offer bargaining
game. Formally, negotiation proceeds asfollows. At time0, agenti makesan offer to agent j, which consistsina
proposal of a partition of the water available. If player j accepts the offer, then the bargaining ends, and the
agreement isimplemented. On the other hand, if player j rgjects, then he makes acounteroffer at time A>0. If this
counteroffer isaccepted by agent I, then agreement is struck. Otherwise, player | makes acounter-counteroffer at

time 2A. This process of making offers and counteroffers continues indefinitely until a proposal is accepted.
2.2 Definitions and assumptions

Let Z denote the size of the pie under negotiation — the quantity of water to be divided. Thisisafunction of
the level of investment chosen by the bargainersin the first stage of the game. Different specifications could be
used to represent the potential surplus from the investment. In this analysis, the following functional formis

assumed:
z :1+kmin{q,ej}



In the case of water resources, the development and realisation of an investment project often requires a
considerable amount of resources and/or along-term collaborationinwhich al the partiesare essentia (think, for
instance, of investments for the reduction of water pollution: if one agent only engages in the abatement of its
emissionswhilethe other one continuesto pollute, thefinal effect onthetotal amount of water available may be
almost insignificant). It might, therefore, be reasonable to assume that unilateral contributions are not able to
produce a (relevant) surplus and only joint investment is productive.

Costs of investments for agent i are denoted by Ci(g) and defined as follows:

C (q)={o ’I_fa =0 , With ¢>0.
c ,ifg=1

Finaly, players preferencesand utility functions need to be specified. Following traditional literature, | first
assume (section 3) that players have no preferencesfor fairness. In this case, their utility functions only depend

on their own share of the pie. Formally:

U, =zxZ
U, =2z xZ
where Z isthetotd pieand z + z; =1.

In section 4, | introduce preferences entailing inequity-aversion. Following Fehr and Schmidt (1999),

players utility functions will be defined as follows:

Ui(z,2)=[z —a;max{z; -z,0}]x Z

U (z,z))=[z, —a;max{z - z,,0}]x Z

According to this specification, one player’ s utility does not only depend on the share of the pie he gets, but
a so on how this share compares with his opponent’ s outcome (in other words, the distribution of payoffsalso
matters). More precisely, | assumethat each bargai ner dislikes getting lessthan the other.® The parameters o; and
a; represent respectively player | and player j’ s degree of aversion for disadvantageous offers. In most of the
exigting literature on fairness, these parameters are exogenously assumed. Here, on the contrary, they are
endogenous to the model and defined as a function of players' efforts. The idea is that the investment levels
chosen by the bargainersin thefirst stage of the game do not only have adirect effect on the size of the pie, but
asoanindirect effect on players concernfor fairness. Thisrelationship will beformally specified and discussed

in section 4.

® Fehr and Schmidt (1999) also allow for an‘altruistic’ component of fairness, i.e. their utility functionisdecreasing bothin
disadvantageous and in advantageousinequality. They argue, however, that the first effect ispredominant. The experimental
evidence that supportsthis conclusion and confirms that the main channel through which fairnessinfluences bargainersis
the‘fear of rgjection’ isthe difference between resultsfor ultimatum and di ctator games. Although dictator games proposals
also tend to exhibit a puzzling tendency towards equity (altruistic fairness), this effect is significantly lower than for
ultimatum games. The difference comes from the absence of the fear of rejection channel in dictator games.



3. Resolution of the two-stage gamein the absence of fairness concern

3.1 Negotiation game

To solvethe model specified inthe previous section, | will start from the second stage, or negotiation game,
and then move backward to the first stage in which players’ optimal investment decisions are determined.

Following traditional utility specification, itisfirst assumed that players have no concernfor fairness. Inthis
case, the negotiation gameisastandard Rubinstein (1982) alternating-offer bargaining gamewith two players, i
and j, negotiating over the partition of a pie Z.

Rubinstein (1982) has proved that the game admits a unique sub-game perfect Nash equilibrium in which
agreement isreached in thefirst round and no resources arelost in delay. Players' equilibrium shares of the pie
are asfollows:

_-5) . . 5,0-5)

‘165, T 1-66,

*

where 5, , 5, represent players’ discount factors'®, and 6,, 5,  (0,1).

Beforemovingtothefirst stage, | will briefly recall the main properties of the Rubinstein solution. Thiswill
be helpful to understand and interpret the results of the analysis.

First of al, the equilibrium partition which arisesfrom the standard Rubinstein model is such that the shares
obtained by a player is strictly increasing in her discount factor, and strictly decreasing in her opponent’s
discount factor. As suggested by Muthoo (1999), aplayer discount factor can beinterpreted asameasure of his
bargaining power. In particular, high discount factors confer great bargaining power. The intuition for thisis
simple: in an aternating-offersgame, if aplayer doesnot wish to accept any particular offer and, instead, would
liketo make a counteroffer, then heisfreeto do so, but he hastoincur a‘cost’: thisisthe cost to him of waiting
Atimeunits. The higher ishisdiscount factor, the smaller isthis cost. Therefore, having ahigher discount factor
(that is, being relatively more patient) confers greater bargaining power.

If players’ discount factor areidentical (6= ;= J <1), then player I's equilibrium share z' =1/(1+8)is
strictly greater than player j’s equilibrium share z} =0 /(1+ ) . Thisresult suggests that there exists a ‘first-

mover’ advantage: if di= dj, then the only asymmetry inthe gameisthat player | isthefirst to make an offer. The
first mover advantage becomes stronger asplayers degree of impatienceincreases. Inthelimitcaseas 6 — 0,

that iswhen both players costs of haggling isvery high, the equilibrium partitionissuch that the proposer player
gets all the pie and the responder gets nothing (Z — z, z, — 0)."

 Formally, &, ,0 aredefined asfollows: §; =exp(—1;A), 6; =exp(—r;A), whereri, rj>0arerespectively player |
and player j’ sdiscount rates.

" However, it has been proved that the “first mover advantage’ disappears in the limit as the time interval A between two
consecutive offerstendsto zero. In such acase, two equally impatient players obtain one-half of the cake, independently on



3.2 Investment game

Inthefirst stage of the game, players have to decideindependently and simultaneoudy between two different
levels of effort: e =0 or e,=1.

The normal form representation of this simultaneous-moves game is as follows:

Player J
§=0 g=1
on Xi(OO) , X500) )§(01) , XSOl)
Player I 10 10 11 11
e=1 )g( )’X§ ) Xi( )'XE )

Player I’s monetary payoff from the investment is defined as follows:
X=2zxZ-Q
where z denotes the share of the surplus allocated to player | in the second stage, Z=Z(e,,g) represents the

total pie (the amount of water available asafunction of agents' level of investment), and C;=C(e) isplayer I's

cost of the investment.
For simplicity, players are assumed to have the same discount factor: d;= d;= J,with 6 € (0,1). The payoffs

of the investment game are summarised in Table 1.

Table 1. Payoffs of the investment game when players have no concern for fairness.

Players' levels Players' payoffs
of effort
1 o
x(00) = 1, (00) — 1
(e=0, =0) ' 1106 I 116
1 5
(01) — = , (o1) _
(@=0,=1) % 1+5Xl T ctte
1 S
1) _ 1) _
X = 1-c, )= 1
(e=1,6=0) T v TS
—1 ac X Zix(l-i- ky-c,» x™ S (1+k)-c
(e=1,¢e=1) 1+6 ! 1+ 6

* Remember that Z =1+ kmin{q € } Ci(e)=cx €&, and 6= o= 9.

their initial bargaining position (proposer/responder). If &, # & o again the relative magnitude of the players’ discount
factors critically influences the equilibrium partition of the cake.



Before solving the game, let first identify the condition under which joint cooperation is Pareto-efficient.
Efficiency is guaranteed when the total payoff from cooperation is higher than the total payoff when players do
not engage in any investment project:

X 1) > ©0)

where,

X?=Z(e =6 =)-G(e=1)-Cl(e =) =(L+k) -2c

X®=Z(g=¢=0-G(g =0)-Cile;=0=L.

Hence, the following needs to hold for full -cooperation to be Pareto-optimal:
c < L x k.
2

By comparing, how, the payoffs of the investment game for each bargainer, one can obtain players’ best-
response functions, and derive the equilibrium solutions of the game.*?
Table 2 shows that:

= For c> (1 15}( k, the equilibrium of the game (e=0,e=0) is unique and always efficient. Joint
+

cooperation, indeed, is hot Pareto-optimal when the cost of investment issuch that ¢ > % xK :andfor

5(01) : (155} c [;1]

Sk k
1+85'1+6

= Force ( ) , the game admits a unique equilibrium (e=0,e=0), but thisis not necessarily

efficient. In particular, the solution is not efficient when c e (1&(5 kJ . Within this interval, joint
+

cooperation should rather emerge.

o
= Forc< (1 5 j x k , the game does not have a determined sol ution. Both full-cooperation and the non-
+

cooperative outcome can emerge as an equilibrium. Only in the former case, however, the solution is
efficient.

Therefore, efficiency (interms of the equilibrium of the game) only realises when theimplementation of the

investment project is not Pareto-optimal.

12 Noticethat | do not consider the notion of mixed strategy Nash equilibrium. A mixed strategy entailsadeliberate decision
by aplayer to introduce randomnessinto his behaviour: aplayer who chooses amixed strategy commits himself to arandom
devicethat probabilistically selects members of his set of actions. Theinterpretation of thisideaisclearly very hard inthe
context of thisanalysis.



Tables 3 and 4 show how the results of the game vary as 6 — 0 and 6 — 1. When both players are very
impatient (0 — 0), the only possible equilibrium of the game is the non-cooperative outcome. In such a case,

o
1+ 6

indeed, ( J_> 0, and the condition ¢ « [ j « k never holds.

1+6

In the limit caseas 6 — 1 (bargaining is frictionless), the game does not admit a determined solution for

c< %k , that is when the implementation of the investment project would be optimal.

This case, however, islessinteresting in the context of this paper. If 6 — 1, neither player cares about the
time at which agreement is struck, which means that they do not incur any costs by haggling (i.e. by making
offers and counteroffers). Thisassumption is clearly quite unredlistic, especially in the case of water resources

which are so essential for physical survival and for the socio-economic development of every nation.



Table 2. Players' best-response functions and equilibrium outcomes of the investment game in the absence of fairness.

Player I's Player Js Equilibrium Determinacy Efficiency of
best-response best-response outcomes of the the
function function of the equilibrium equilibrium
a a investment game
5 0, e =0 0, -0 =0,e =0 Multiple Not
o <[ jx k g = J e = 9 (8 ! ) equilibria guaranteed
(Q =1 € = 1)
S " 1 " 0 e =0 Unique Not
xk<c< X = 7 _ — — uilibrium uaranteed
(1+5j (1+5j | {1 =1 &=0ve |(a=0e=0 ’
1 =0, Ve, e =0, V =0,e. =0 Unique Efficient
c> (1 6jx k G ! ! G (8 ) equilibrium equilibrium
+
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Table 3. Players best-response functions and equilibrium outcomes of the investment gamein the absence of fairness, for §—0.

s >0

Player I's Player Js Equilibrium Determinacy | Efficiency

best-response best-response outcomes of the of the
function function investment game | equilibrium | equilibrium

8 8
0, e =0 Unique Not

0<c<k G701, e =1 e, =0,ve (e, =0,e, = 0) | equilibrium | guaranteed

c>k e =0, Vej e = 0, Ve (e, =0,e; =0) U_n_iqqe Ef.fi.cient
equilibrium | equilibrium

Table 4. Players best-response functions and equilibrium outcomes of the investment gamein the absence of fairness, for s - 1.

0 —»1
Player I's Player J's Equilibrium Determinacy | Efficiency
best-response best-response outcomes of the of the
function function of the equilibrium | equilibrium
a a’ investment game
c< iy 0, e, = 0, e=0 | (& =0,e =0) Multiple Not
> g = {1’ -1 e; = {1’ e =1 | (e =1Le, =1) equilibria guaranteed
c > 1k e =0, Ve, e, =0, Ve (e = 0,e = 0) Unique Efficient
equilibrium | equilibrium
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3.3 Discussion of theresultsin light of experimental findingsand empirical evidence from water
negotiations

Theresults of the analysis (in the absence of fairness concern) conform to the prediction of traditional
literature on incompl ete contracting (Hart and Moore, 1988, Hart, 1995, Che and Hausch, 1999), which
shows that, when contracting possibilities are incomplete, severe hold-up and underinvestment problems
may arise due to the anticipation by the parties of a potential appropriation of quasi-rents.

Thisinefficiency outcome, however, is not satisfactory because it neither proves to be in line with recent
experimental findings, nor with observations from real-life negotiations. Experiments on bargaining with prior
production (Konigstein, 2000, Gantner, et al., 2001) have shown that when the surplus under negotiation is
created by the subjects themselves rather than exogenously provided, the shares resulting from the bargaining
tendto beincreasingin players relativeinvestments. Thissuggeststhat the underinvestment problem may not be
as universa and severe as predicted by traditional literature.

Evidencefromreal-life situations, on the other hand, suggeststhat arelationship may exist between agents
relative investments and what is perceived to be a legitimate or fair distribution of the surplus. In the case of
water resources, for instance, i nteresting observati ons emerge from arecent study conducted by the International
Water Management Institute (Douglas and Shaybani, IWMI, 2004). The study focuses on the devel opment of
small dam projectsin a number of rura villages mainly located in north-central Y emen. The selected projects
were of two types: 1) projects where the mgjority of investment wasfromlocal villagers, and 2) projects mainly
based on external assistance.

When dam development was mainly realised through contributions from local villagers, water use rights
were subsequently divided on the base of the relative shares of investment. On the contrary, acommon feature of
the cases with high proportions of externa assistance was. underinvestment (or lack of commitment in
investment) associated with the frequent emergence of disputes between the villagers about the distribution of
water rights. Some projects were characterised by an initial phase of relatively high local investment and a
second phase of significant external assistance. In these cases, farmers got sometimesinvolved in disputeswhen
previousinvestmentsin thefirst phase of work were not taken into consideration in the process of allocation of
water rights.

Thisstudy isrelevant for the purpose of the present analysis because it suggeststhat agentstend to perceive
their own investment asthe basisfor granting water property rights. This, inturn, tend to create aloca sense of
ownership that induces peopleto usetheinfrastructurein amore effective and sustainabl e way after completion.

In the next section, an alternative specification of the model is proposed, which takes into account these

aspectsin the attempt to mitigate the tensions between theoretical predictions and empirical findings.

12



4. Introducing ‘fairness concerns

4.1 Definitions and assumptions

Followingtraditional bargaining literature, it wasinitially assumed (section 3) that players solely care about
their own material payoff when negotiating. Thisassumption, however, isvery limiting, especialy inthe case of
a precious resource such aswater. Thereis, in fact, substantial evidence that considerations of fairness affect
economic behaviour. The numerous experiments on the ultimatum game, for instance, (see Guth and Tietz, 1990;
Roth, 1995; Camerer and Thaler, 1995) have shown that fairnessis prominent in bilateral negotiations and that
this preoccupation for fairness may act as a regulatory mechanism of bargaining power because agents have to
take it into account when making their offers.

What are the forces driving fairness behavioursis still the subject of debate among researchers. In recent
years, anumber of explanations and mechanisms have been proposed in the theoretical literature. In particular, it
is possibleto distinguish between two main approaches: the first one contains modelsin which people care about
the distributions of payoffs (outcome-based models), while according to the second approach people care about
the intentions of other players (reciprocity-based models).

Models of distributional concerns posits that people care about their own payoff and how it compares to
other peopl e spayoff. Specifically agentsare ' differenceaverse’, i.e., they do not like their payoff tofall behind
(and to a lesser extent to be ahead too)*®. This implies that a player may reduce his payoff if thisleads to a
reductioninthe other players’ payoff and reduces payoff inequality, but would never sacrificetoincrease payoff
inequality.

Accordingto reciprocity-based model s, people are motivated not only by their final outcomes, but also by the
way the outcome has been achieved. A player cares about theintention that drives an action and may be willing
to sacrifice material payoff to reciprocate, i.e. to reward fair behaviour and punish unfair behaviour (see Rabin,
1993; Falk and Fischbacher, 1999, Dufwenberg and Kirchsteiger, 2004).

Although recognising that intentions may play animportant role, | will follow Fehr and Schmidt (1999) by
modelling fairnessas‘ self-centred inequity-aversion’. Inequity aversionis sdlf-centred if people do not care per
se about inequity that exists among other people, but are only interested in the fairness of their own material
payoff relative to the payoff of others. Thisnotion does not require any strange assumption on players behaviour
and it seems, therefore, reasonable to adopt it in the context of this paper. Moreover, from atechnical point of
view, the formulation proposed by the authors is very tractable, and has proved to be successful in many
bargaining experiments, even in experiments that previously have been viewed as showing the importance of
intentions.

Hence, in the new specification of the model, the two bargainers are inequity-averse with preferences

represented by the following utility functions:

3 Bolton (1991); Fehr, Kirchsteiger and Riedl (1998); Fehr and Schmidit (1999); Bolton and Ockenfels (2000).
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Ui (z,z)=[z —a;max{z, -z,0}]x Z

ir 5

U (z,z))=[z, —a;max{z - z,,0}]xZ

The parameters o and «; represent respectively player | and player j’s degree of aversion for a
disadvantageous offer. In this model, they are defined as afunction of players efforts and they are therefore
endogenous.

More precisely, itisassumed that thelevel of effort chosen by aplayer inthefirst stageinfluenceshisdegree
of aversion for inequality in the following way: the highest the effort he made, the highest his sensitivity for
disadvantageous offers becomes. In fact, in the model, effort is discrete and can only take two values: e =0 or
e,=1. In other words, the contribution is fixed and players choice in the first stage can be interpreted as a
decision about whether or not to participate in the investment project. The parameters as, therefore, are also
defined in discrete terms. Formally: ¢, = { 0, E;i N 2

o, P =

4.2 Negotiation game
4.2.1 The equilibrium of the game

To solve the negotiation game, | follow the insight due to Shaked and Sutton (1984), which alows to
truncate the infinite horizon bargai ning process and to apply thelogic from the finite horizon case: the beginning
of theinfinite horizon gameis equal toits subgamein thethird round, should it be reached. In both cases, player
| isin proposer position and then players alternate in making offers until an agreement is reached.

Consider then the sub-game starting at t=3, where player | playstherole of the proposer. Let (z;5, z;5) bethe
division that players obtain in any perfect equilibrium of this game.

In abargaining model with inequity-averse players, it is necessary to make assumptions on how inequality
developsover timein order to apply the Shaked and Sutton method. L et assume, for instance, that at each round
the player whoisin proposer position can secure himself an advantageous share of the pie. Thisimplies: ;> z;;
2,,<2j5; and z3>Z7s.

Players utilitiesin t=3 are therefore as follows:
U, (ZiB’st‘ziS >23)=23%xZ
Uj(zi3lzj3‘zi3 > st) :[st —Q; (zs - Zj3)]x Z

In the preceding period t=2, player j, who isin proposer position, maximises his utility by offering player |
hislowest acceptable partition (zi2, Z2). This partition can be easily derived by equating player I sutility fromthe
second round offer with his outside option later, and then solving for zx:

U, (Zi2'2j2|ziz <Z;,)=6U, (Zi3lzj3|zis >2Z),
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which implies:
_ o +6,Z,
1+2a,

i2

Now consider the first round. In the sub-game beginning from this point, player j will not accept anything
less than his outside option later. Player | will, therefore, propose a partition (zi1, zj1), such that:
Uj(zil' Zj1|zil > Zjl) = 5jU j (ZiZ' Zj2|ziz < ij)

whichimplies:

1 1+ o — 6,2,
SRSV [ TPV S e B e < B
% (1+2aj)>{ T 51( 1+ 20, ﬂ

Under the previous assumption that the player who is in proposer position can aways realise an

advantageous share, the unique equilibrium of the game consistent with a SPE (z;3, z;5) in t=3, isasfollows:

zi*lzéx liq -5 |1r%i=0i%s ,Z:, =1- 2z ; Accept
@+ 2x;) ool 14 2q, : '

Following Shaked and Sutton (1984), the game at point t=3 isidentical tothe game at t=1. Hence, it must be:
z, = f(z;) = z;
Dropping thetime subscript, the equilibrium offer z; of theinfinite horizon gameis: (see appendix Al for the

derivation of this result)

~ (L+a;)A+20;) -6, L+ a))
(1 20,)(1+ 200 ) - 56,

One can provethat theinitial assumption on the devel opment of inequality over timeis consistent with this

equilibrium partition when playershave the samediscount factor, 6, =&, = 6 (seeappendix All).*Theinfinite

horizon game then admits the following unique sub-game perfect equilibrium:

{,, (+a,)A+ 20) -5@+a;) . }
" = > Z; =1-2; ; Accept,
L+ 204)A+ 20;) - 6

4.2.2 Properties of the equilibrium solution

For each bargainer, the equilibrium share derived in the previous section isincreasing in his own degree of

aversion for inequality and decreasing in his opponent’s o (see appendix All).

! See Kohler (2005) for adiscussion of the other time-paths that could be achieved for not symmetrically patient agents.
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Moreover, when both players have a strictly positive degree of aversion for inequality (>0, ;>0), the
equilibrium share that goes to the first mover, although advantageous, is still smaller than the share he can
guarantee himself in the standard Rubinstein’ s alternating-offer game. Therefore, inequity-aversion biases the
negotiation outcome towardsamorefair split. Thereasonisthat, given effort, concern for fairnessincreasesthe
weaker player’s relative bargaining power by making him more reluctant to accept unequa offers. As a
consequence, the most ‘ powerful’ player (the first-mover) can never fully exploit his advantage.

Itisimportant to recall that, inthismodel, inequity-aversion isnot introduced as an exogenous variabl e, but
as afunction of the efforts chosen by the bargainersin thefirst stage. This has another important implication on
the negotiation outcome: unlike the standard case with no fairness concern, the equilibrium shares arising from
the bargaining game with inequity-averse players, reflect prior contributions.

Table 5 summarises the equilibrium outcomes of the negotiation game for different levels of effort.

Table 5. Negotiation outcome with inequity-averse players

Players Comparative static
Players degree of Player I' s equilibrium shares
efforts | aversion for z") P P
inequality a g
00 _ 1
a=0,8=0 | @;=0,¢=0 L =10 =0 <0
200 _ l+a-9o ,
e=0,8=1 | a=0, gj=a 14 20 - 52 <0
,0 =1
10 _1+2a -0(1+a)
e=1,8=0 | a=a, o0 i —m >0 ?
0,0=00=1
1 (1+a)
8=1,8=1 | aFa, aFa A T a0 <0 <0
0,6 =1

* Remember that player j’s equilibrium share is given by: z'=1-z; .

By comparing the equilibrium shares computed above, the following unique ranking can be obtained: z° >
z% >z > 2

Therefore, the proposer aways gets a higher share of the pie when he plays against aresponder who chose
e =0 (low-effort) in the first stage of the game. The reason is that, the responder concern for fairness and,
consequently, hisbargaining power areincreasingin hislevel of effort. Exactly the sameistruefor theresponder
player.

Moreover, given his opponent’s level of investment, each bargainer independently from the role he plays

(proposer or responder), gets a higher share of the pieif heisa‘high-effort’ player.
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4.3 Investment game

In the first stage of the game, players decide independently and simultaneoudy their level of effort (g =0;
e,=1). Asbefore, the monetary payoff from the investment is given by:

X=2x2-G

where, z denotesthe share of the surplus allocated to player |, Z representsthe total pie, and C; isplayer’s
cost of the investment.*

Players payoff from the investment are summarised in Table 6.

Table 6. Payoffs of the investment game with inequity-averse players

Players levels of Players payoffs
effort

(e=0, g=0) ©00) _

0 =z"x1, X =@1-z")x1

(e=0,8=1) )g(Ol) _ ZiOl x1, XEOD _ (1_ ZiOl) x1—C
(e:l, e]:O) Xi(lo) — Zilo x1— c, X§10) — (1_ ZilO)X].
(@=1,6=1) X =z x(1+k)-c, X =(1-Z")x(1+K)-c

* Remember that: Z = 1+ kmin {e,, e, }, Ci(e)=CXx e’ and 2% > 20 > 7z > 7™

By comparing the payoffsin table 6 for each player, the following best-response functions can be derived:

g =1 Ve, c<®d,
e=0 if =0
a = ®,<c<D,
g=11if ¢=1
g =0,Ve, c>d,

> Remember, however, that the equilibrium share emerging from the bargaining gameis now asfollows: z=z(a;(e), (e)).
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a; = O, <c<D,
e, =0,Ve c> D,

where,

D :[Z_lo_z_oo]: ad (1-9)
AT T T 14 20 -82)(1+6)

o) = [z a+ k) - 2] = as(1-5) . (@ra)k
o T W20 -6Y)r 20 +6)  (1+ 22 +95)
- 1-8

CDBz[zjm—z?O] a(1-9)

T (14 20 5 )(1+6)
(¢ +6)1+Kk) ~ o(l+a -9)
(1+20+6) (1+20-67?)

Oy =221+ k) - 2°]=

It can be shown that: @, > @, > @, ,and O, >, (see appendix Alll). Therefore, two Situations can occur:
(N D=0, >D, >D, , (Il) D, > D, >D, >D,.

Infact, players best-response functionsare exactly the samein case (1) and (11) because the ranking does not
changefor theindividual players(®, isstill greater than @, for player I, and @ isstill greater than @ for

player j). Thetwo situationsare, therefore, equivalent in terms of the equilibrium outcomes of the game, and the
analysis can be limited to one case only.

Table 7 summarizes the results of the model for @, > @, > ®, > @, . Tables 8 and 9 show how the

equilibrium outcomesvaryas 6 —» 0 and 6 —> 1.
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Table 7. Players best-response functions and equilibrium outcomes of the investment game with inequality-averse players (Case I).

Player I's Player Js Equilibrium Determinacy | Efficiency
best-response function best-response function outcomes of the of the
a " of the equilibrium | equilibrium
investment game
c<® e =1 Ve e =1Ve e =Le, =1) Unique Efficient
A ! ! ! ! equilibrium
0 &= Uni Efficient
<c< = e =1 Ve =le =1 nique icien
Pa=c=®y | 1 =1 ) =% Ve (@=1e =) equilibrium
8 {O’ . 0 &=0 1&=1a=01 \ Not
q) < < q) = _ e = ultpie Oi
B <C A 1L &-=1 L e=1 ( =0,6 =0)| equilibria | guaranteed
< =0, Ve, 0, =0 e =0,e =0 Unique Efficient
Pp<Cs P @ ' e =i © (6=06 =00 L ilibriom
c> (DB ei — O’VGI eJ — O,VQ (ei = O’ej :0) Unlque Efficient
equilibrium
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Table 8. Players' best-response functions and equilibrium outcomes of the investment gamefor 6 — 0 (Case I)*

o0 —>0
Player I's Player J's Equilibrium Determinacy | Efficiency
best-response best-response outcomes of the of the
function function of the equilibrium | equilibrium
a" a investment game
0, e = 0 Unique Efficient
<c<s—2 © ={l e —1| &=LVe |(e=Le =1 | cqulibrium
1+ 2a) :
o 1+a)k e =0 = e =le =1
<C= ( ) e= 08 e = 0 g=0 | =1 Multiple Not
(1+2a) 1+ 2a) 1 e=1 7|11 e=1 | (e =0¢€ =0) | equlibria guaranteed
A+a)k a(L+K) 0 e=0
——<<CL—+ = Uni Efficient
1+ 20t) (+20) | &=0.Ve |&7) o1 |(6=0¢=0)| uipoe aen
a(l+Kk) g =0, Ve, e =0, Ve (e =0,e, =0) Unique Efficient
> ! ! ! ' ! equilibrium
1+ 2c)

*For § — 0, Case(l) occurswhen k < ¢ .
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Table 9. Players' best-response functions and equilibrium outcomes of the investment gamefor 6 — 1.*

0 —-1
Player I's Player J's Equilibrium Determinacy | Efficiency
best-response best-response outcomes of the of the
function function of the equilibrium | equilibrium
g a; investment game
- _ =0,e =0 Multiple Not
1 = 0. €=0 e, :{O’ &= (6 =0 equilibria | guaranteed
1 =0, Ve e =0,V =0,e =0 Unique Efficient
c>=k . . ! . (@ =0 equilibrium | equilibrium

*For § > 1, ®, =g, Va . Therefore, Case (1) and Case (I1) coincide.
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4.4 Discussion of theresults

Theanaysis conducted in the previous sections showsthat, when players have concernsfor fairnesswhich

depend on how much they invested in theinitial phase, joint cooperation can emerge as an equilibrium of the
game. More precisely, table 7 showsthat, for 0 < ¢ < @, the game admits aunique equilibriumin which both

bargainers chooseahigh level of effort (e=1, =1), and the equilibriumisefficient. For 6 € (0,1) and k > 1,the

condition ¢ < %x k , which guaranteesthe Pareto-optimality of theinvestment, alwaysholdswithintheinterval

(0,@}).

Therefore, unlike the standard case anal ysed in section 3, where players have no concern for fairness, inthe
new specification of the model efficiency does not only realise when the implementation of the project is not
profitable, but can also emerge when the joint investment is optimal.

Someinefficient outcomes can still occur for @ < ¢ < @', : withinthisinterval, the game admits multiple
equilibria.

Tables8 and 9 show how the equilibrium of thegamevariesas 6 — 0 and 6 — 1. Interesting observations
emerge by comparing these tables with tables 3 and 4, which refer to the standard case where players have no
preferencesfor fairness. For 6 — 0, the only possible equilibrium of the gamein the absence of fairnessisthe

non-cooperative outcome. In the new specification, on the contrary, full cooperation emergesasauniquesolution

when 0<c< . Within this interval, player j (who is the second-mover) always finds profitable to

1+ 2cx)

invest. The intuition behind this result is as follows: when 6 — 0, the first mover advantage becomes very
strong. In the standard model, where previous contributions are not taken into account while negotiating, thefirst
mover can fully exploit his advantage and assure himself the entire pie. Player j, knowing he will get nothing,
always chooses =0 in the first stage of the game. In the model introduced in this section, the investment
decisions enter into the bargaining game through players degree of aversion for inequality. By choosing a
positive level of effort, the second mover can, therefore, increase his bargaining power and avoid the ‘ bad’

outcome z=0.

As 6 — 1, the two specifications analysed in this paper generate the same outcome: for ¢ < ;k (that is,
when joint cooperation is Pareto-efficient) both full-cooperati on and the non-cooperative sol ution may emergeas
an equilibrium; while for ¢ > %k , the unigue and efficient solution is (=0, §=0). This may seem, at fir<,

counterintuitive. The intuition behind the result is asfollows: assuming 6 — 1 means that both players do not
care about the time at which agreement is struck because they do not incur any costs by haggling (bargaining is

frictionless). In such a case, the partition of the cake emerging from the bargaining process is the ‘equa
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partition’, (Zf =27 = 1) , both in the casein which players have concern for fairness and in the case in which

2
they do not. Therefore, therealisation of the bargaining outcomeis absol utely independent of players degree of
aversion for inequality. As a consequence, the indirect effect that, in the new specification of the mode,
investmentshad on players bargaining power —through their concern for fairness— isno longer there. Players
decisionsin thefirst stage are simply made on the base of the direct effect of their effort on the size of the pie,
which is exactly the same as in the traditional model. As already discussed, however, thecase 6 — 1 isquite

unlikely to occur in real-life because bargaining is never completely frictionless.
5. Conclusions

In this paper, aunified framework has been provided for anaysing both the emergence of negotiated water
allocation arrangements and the presence of incentivesto cooperate ininvestment projects which improve water
infrastructures. Thetwo issuesare closdy related: on one hand, agrowing number of conflictsover theallocation
of water resources are resolved trough negotiations. On the other hand, the effective amount of water availableis
very likely to depend on the efforts that the parties devote to the construction, operation and maintenance of
water infrastructures.

However, in many real-life contexts, it isnot feasible for the parties to definein an early state of the affairs
what contributions should be made, and how the potential surplus created by their investment should be shared at
theend. Theanalysis has, therefore, focused on situationsin which compl ete contracting is not possible and the
surplus from cooperation needs to be divided at an ex-post stage. The prediction of traditional literature when
contracting possibilities are incomplete is that severe hold-up problems may arise, which consequently lead to
underinvestment.

Inthisarticle, | have shown that thisisnot always the caseif the negotiating parties have some preferences
for fairness. In contrast to traditional models where players solely care about their own material payoff, | have
assumed that they also have aconcern for the distribution of payoffs. More precisaly, they didikereceiving less
thanthe othersand their aversion for disadvantageous offersincreaseswith theleve of effort they investedinthe
initial phase.

Within this framework, players incentives to cooperate are higher than what traditional theory predicts
because a high level of effort does not only increase the size of the pie under negotiation, but also (through
players concernfor fairness) the sharesresulting fromthe bargaining game. In particular, it has been shown that
when the production technology is complementary in players investments, full cooperation almost aways
emerges as an equilibrium of the game when it is Pareto-efficient.

These results are consistent with recent findings from experimental literature and have interesting policy
implications with regard to the design of assistance strategies for infrastructure development. If resource users
can overcome collective-action problems, as the model predicts, then promoting local investment in the

devel opment of water infrastructures may be more efficient than providing external founds. By creating alocal
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sense of ownership of theresource, asubstantial involvement of the resource usersin project devel opment may
produce favourable results also in terms of water allocation arrangements.

The model proposed in this paper relies on a number of simplifying assumptions. First of all, individual
effortsare assumed to be perfectly observable. If thisisnot the case, aplayer’ sdegree of aversionfor inequality,
which isafunction of hislevel of investment, will aso be unobservable. Introducing incompl ete information
would add a further significant dimension to the problem. Another assumption of the model isthat players are
symmetric. It would be interesting in future work to alow for some kind of inequality among the parties —
inequality in term of their physical share of the basin, their access to safe water, their economic wealth, their
outside options and so on. A more straightforward extension of the analysisisto consider different production

technol ogies, where the degree of complementarity of players efforts can varies.
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Appendix

Al: Solving for the equilibrium offer, z, in the infinite horizon game with inequity-averse players.

1 1+a -6,z

= f(z)=———x|1+a. -8 | — 17
4 (z) (1+2aj)x[ T 5'[ 1+2a, H

2=

L+ 2a; )(1+ 2a ) 1 A+a;)1+ 20;) -6, (1+a;)
T @+2a)A+2a,)-66, A+2a,) 1+ 2a,)
I+a;)A+20,)-6,(1+ &)

- (1+2a,)(1+2a,)-5,5,
For s, =3, =g,and o, =a, =qa , this becomes as follows:
. A+a)l+20 -05) 1+ a)A+ 20 - 9) [+ a)

! (1+2a)2-82  [(1+2a)+8][(L+20) =] (1+ 2a+5)

All: Unigueness of the equilibrium outcome of the infinite-horizon game with inequity -averse players, when

5=5=6.

This appendix showsthat, when playersareequaly impatient (6, = 6, = &), thedevelopment of inequality

over time assumed in section 4.2.1 is the only path consistent with the equilibrium partition derived from the

infinite-horizon bargaining game:
. (L+o;)Q+20) - 6; 1+ ;)
L (@+20)(A+22,)- 6,6,

By differentiating Zi* with respect to o; and a;, we have that both partial derivativesarewell defined and have

a unique sign when players have the same discount factor. Formally:

oz, 5(1-9)
Oa; [1+2a +8]°[1+ 2a - 6]

>0 foro €(0,1),a € (0, )

oz, 1+ 2a)(1- 5)

da,  [L+2a +8]°[L+ 20 - 5]

<0 foro €(0,1),a € (0,x)

Moreover:

alilgg z =05

aj—mo

lim z; = (1— iaj € (0.5,1) for 5 € (0,2)
a) 50
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Therefore, z| € (0.5,) forall (, &, )e [0,50) and § < (0,1).

Alll: Proof of theinequalities: @, >® >®,, and @, >d,

D, > Dy
=
ad (1-8) L Aok a(l-5)
1+20-8°)1+2a+68) (L+20+8) (1+2a -57)(1+9)
ad?(1-6) L Aok

(A+2a-8°)1+20+8)1+6) (A+2a+05)
Always verified for 6 € (0,1).

O, >D,
&
a(l-0) S ad (1-9)
(1+20 —56%)(1+68) (L+2a-8%)A+06)
a(l-35%)

>0
(1+2a —5%)(1+ 5)

Always verified for 6 € (0,1) .

D, >0y

Remember that @}, @, aredefinedas: @, =7 (1+K)— Z°, @, = Z)'— Z°. Thefollowing needsthereforeto
be verified:

'+ k) -z 2 z)* - z°

It is easier to decompose the above inequality in two parts, and prove them separately:

R 00 10

() z;” 2 7

(i) z'A+K) -2 >0

If both (i) and (ii) hold, then the original inequality is verified:

(i) z{° =27
=
L1, 1+2a-5(+a)
a+s) 1+20 652
as (1— 8)

>0

1+6)2+20-672)
Always verified for 6 € (0,1) .

26



(i) Z'ad+k)=z"
=
(1— l+a j(1+k)2(1— 1+a—52j
1+2a+6 1+ 2a -6
a(1-52)(1+k)+2a2(1+k+a5)+5k(1—5+2a)>0
(1+20+ )1+ 2a —57) a

Always verified for 6 € (0,1).
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