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Summary

The relevance of bargaining to everyday life can easily be ascertained, yet the study of any
bargaining process is extremely hard, involving a multiplicity of questions and complex
issues. The objective of this paper is to provide new insights on some dimensions of the
bargaining process — asymmetries and uncertainties in particular — by using a non-
cooperative game theory approach. We develop a computational model which simulates the
process of negotiation among more than two players, who bargain over the sharing of more
than one pie. Through numerically simulating several multiple issues negotiation games
among multiple players, we identify the main features of players’ optimal strategies and
equilibrium agreements. As in most economic situations, uncertainty crucially affects also
bargaining processes. Therefore, in our analysis, we introduce uncertainty over the size of the
pies to be shared and assess the impacts on players’ strategic behaviour. Our results confirm
that uncertainty crucially affects players’ behaviour and modify the likelihood of a self-
enforcing agreement to emerge. The model proposed here can have several applications, in
particular in the field of natural resource management, where conflicts over how to share a
resource of a finite size are increasing.
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Figure 6 shows the changes in utility level forleatayer when they are selected to be the
proposers in the respective negotiation roundsat-ifh it is the difference in utilities they enjaghen
proposing an agreement in the restricted and lmesehses. It is clear that all players experience a
decrease in utility as compared to the baseline.CHse decrease is however not uniformly affecting
all players: those who have stronger preferenceshi restricted policy issue (that is, those vath
higher ideal point forX,, playersA, B, andC) suffer more from this restriction than the other
players. The decline in utility is mitigated by tH#ferent weights that individual players assign t
X, relative to X;, as indicated by the different values/pf, in Table 1: thus, playerd andB,

who have a stronger preference towaklsas compared tX,, suffer a loss higher than playér,

who has a higher preferred point f&,, but assigns a low weights to this variable reéatio the
previous two players. This result of the simulatéexercise is in line with both the theoretical fimgs

of non-cooperative bargaining theory and the apfibos of non-cooperative bargaining models to
water negotiations (see Carraro et al., 2005, aarda® et al., 2007). Furthermore, more iteratiamres
needed before a limit point equilibrium solution feund, indicating the increased difficulties in

finding a compromise allocation.

Figure 6: Changes in players’ utilities from restiing the issue space

Interestingly, the players with a higher ideal pdor the restricted issue will “bargain harder”
in the last rounds of the negotiation game, andirec higher share of the total resource avail&dile
themselves. This effect is shown in Figure 7: stiale final round of the negotiation game be

reached, the first three players, when selectdzbtproposers, will ask for themselves a highereshar

of X,. The effect decreases for play€ras the game proceeds backward, because of the large

opportunity that this player has to compensateldeses inX, with higher X,. These results are

robust to further restriction in the issue space.
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Figure 7: Change in players’ proposed shares — x
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Consider now the case in which one of the playpr&ferences towards the two negotiated
variables changes in such a way that he now styopgifers satisfying his ideal quantity of one
negotiated variable relative to the other. Intwilyy one would expect the equilibrium shares o$ thi

player to change so that his equilibrium quantityhe strongly preferred variable is higher tharthe

baseline simulation exercise.

In the simulation exercise, we change the relatidghts that playeiD assigns toX,

relative to X, , as shown in Table 6.

Table 6: Changing the relative importance of thgateated variables.

Player D Mos Mo
Initial 0.5 0.5
Perturbed 0.2 0.8

As expected, playeD will require a higher share ok, relative to the baseline case (see

Figure 8).

Figure 8: Variation in player D proposals fop x
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What is of interest is that his stronger positidforals player D a stronger bargaining
position, and his participation constraints in r@dn—1 tightens, while the participation constraints
of the remaining players are substantially unchdn(féigure 9,T —1). This effect is preserved
through the backward induction process, and inliggiuim player D will enjoy a higher utility level
(Figure 9, Equilibrium). In this model, there set@rbe two sources of bargaining power: first of all
players’ access — which, however, is neither lityeaor monotonically related to players’ equilibmu

payoffs — and players ideal points — both in teoftheir magnitude and relative importance.

Figure 9: Changes in players’ participation consirs in round T-1
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Finally, it is interesting to note that, in the ¢pmun, a relatively large change in players’
weighting of the negotiated variables leads tatytievels that are significantly higher for thdayer,
but leave the expected utilities of other playedsssantially unchanged.

The role of uncertainty
One of the key aspects of negotiation processandsrtainty over the size of the negotiated

variables (the size of the pie). Let us analyse ke type of uncertainty affects the agreement and

players’ utilities. In the numerical analysis, ve®k at the impact of introducing a random component
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in the constraint function foX 2. The new constraint for this variable will thukeathe following

form:

7 > %2S X,
N

where )22 is an uncertain component of the size of the pidea divided. In the case of

negotiations on water availability, for instancée ttotal quantity available depends in part on
precipitation levels, which, however, cannot bedpred with certainty.

To demonstrate the relationship between the introin of uncertainty in the realisation of
one of the negotiated variables and the frequehdyfferent solution, we report the results of ai®

Carlo experiment, in which we solve the model 00 Xandomly drawn values O‘EZ, assuming an

exogenously specified underlying probability distition for the unknown term. Using random inputs,
the deterministic model is essentially turned mt@ndom model.

The choice of the underlying distribution to sintelaandom sampling may impact the results
of the simulations. For the numerical example, wik assume that the random component_)ﬁi,

X,, is drawn from a gamma probability distributf§rwith shape parameter 13 and scale parameter

8.5. The corresponding mean and standard deviatdomsrespectively, 104.4 and 29.3. Figure 10

shows the frequency distribution of the realiseldies of )?2, together with some basics statistics.

Figure 10: Distribution of X

50 Mean 104.424
451 Standard error 2.928
40 Median 97.601
3+ Standar deviation 29.280
0 Variance 857.328
5 Curtosi 2.350
rtos .

0 urtosi
15 Asymmetry 1.210
10 Interval 165.274
5 Minimum 48.587
0 Maximum 213.861

1 2 3 4 5 6 7

Count 100.000

% There are various types of probability distribotione could use: the normal distribution is
applicable to variables whose values are determinedn infinite number of independent random
events; very rare events are best represented tigngoisson distribution. The normal distributien
symmetrical around the mean and, in general, itsisd when (i) there is a strong tendency for the
variable to take a central value; (ii) positive aredjative deviations from the central value areafigu
likely; and (iii) the frequency of deviations faltsdf rapidly as the deviations become larger. The
gamma distribution is, on the other hand, widelgdug engineering to model continuous variables
that are always positive and have a skewed disimitou
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For each of the 100 sampled bargaining problemsgexamine the emerging strategies of
players, as well as the equilibrium solutions atilitias, for 100 bargaining rounds.

From the results, it would appear thiatakes longer to find an agreement when uncetyain
over the resource is includeforeover, in 14% of the cases, a feasible agraessnot be achieved
—that is, the equilibrium offers of players ar¢ oompatible with the resource constraint.

The first 5 histograms of Figure 11 show the fremyedistribution of players’ utilities when
the size of negotiated variable is uncertain —feo,instance, playeD and F experience more
frequently low utility levels when all the playeestertain the possibility of variations in the sife
one pie. The variability of players’ equilibriumilittes differs among the players, while for all thiem
the equilibrium (limit) utility is lower in the sthastic case than in the deterministic case, asrshy

the lower right quadrant of Figure 11.

Figure 11: Frequency distribution of players’ edbium utilities
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Of course, the deterministic case assumes a knealisation of the pie. But what happens to
players’ utilities if this belief is mistaken? Waluthey be better off by considering this possipiiit
their bargaining strategy?

In order to assess the ex post efficiency of théemint negotiation frameworks, let us
compare the utilities that player would deriveequilibrium, from the negotiated agreement under th
deterministic and stochastic case. Table 7 belgwerie the equilibrium shares agreed upon in the

deterministic and stochastic models.
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Table 7: Equilibrium shares

X1 A B C D E
Deterministic 0.2002 0.2002 0.2013 0.2002 0.2001
Random 0.2026 0.1986 0.2027 0.2018 0.201
X2

Deterministic 0.2004 0.2001 0.2014 0.1985 0.1985
Random 0.1997 0.1997 0.2015 0.1997 0.199

As shown in the first left hand side quadrant a@fufe 12, players do, in general, better in the
deterministic type of model as compared to thelsistic type. However, as the resource available
begins to shrink, players’ utility increases, imgeal, when they take into account the uncertainty
surrounding the realisation of the surplus. Theamgttion is intuitiveas players begin to account for
uncertainty in their strategy, they will try to reggate harder expecting a higher share of the surplus,

in order to increase their chance of coming closéheir ideal™.

Figure 12: Changes in players’ equilibrium utilkydeterministic vs. stochastic
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1 Note that, because of the construction of ourgpegfce function, an excess allocation of water is a
punishment for players. This may not be realistisome circumstances, as discussed more in details
in the concluding section.
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Conclusions

The model proposed in this paper attempts to simulae process of negotiation among
multiple players, who have to decide on how to sharsurplus of fixed size. In this context,
negotiation rules are simulated through an offed anunteroffer procedure. Players have payoff
functions that depend on the share of the surplassthey can secure for themselves — with different
negotiated variables having different importancedach player, thus generating space for tradeoffs
among them. Furthermore, players have varying aquexbabilities, which signal the relative strength
at the bargaining table and thus influence thelibgiuim agreement.

Through a series of simulations in which five playaegotiate over the respective shares of
two cakes, we have examined the emerging equifibdgreements and their characteristics. What can
be inferred about these problems by applying nusaksimulation?

First of all, the results conform to expectationbew there is no uncertainty over the
negotiated variables. As in the Rausser-Simon madel its applications, increasing the access
probability of a player will yield outcomes thatamore favourable for the “more powerful” player,
but also to players with similar preferred posifol€onvergence of the solution is attained in few
iterations of the model — which can in part addsesse of the critiques moved to backward induction,
as there is scepticism of long and involved indiectihains.

This result does no longer hold when we restrighiicantly the range of admissible values
for the negotiated variables. In fact, restrictthg size that the negotiated variables can takecesd
the opportunities for trade, yielding potentialber utilities to all players. In some cases, escety
reducing the boundaries of the negotiated variaidg shrink the bargaining space so much that no
zone of agreement remains. Should this result eenergen exploring a real problem using this
framework, it would be advisable to attempt chaggdime decision rule — from unanimity to qualified
majority, for instance.

Importantly, the effect of bargaining power on #guilibrium agreement is non linear, but
rather evolve in complex way through the procedsamkward induction. The effect of shifting access
depends crucially on other constitutional factoighwvhich it interacts — such as decision rules,
players’ preference parameters, the relative distasf their ideal points, so on and so forth. Thus,
there are synergies among players or issues tfet d@fie ultimate impact of bargaining, contrary to
the assumption of the standard Nash games.

Finally, uncertainty over one of the negotiatedialales crucially affects the equilibrium
outcome and the players’ strategies. Our main tesné:

0] when uncertainty is introduced, the negotiationetakon average, longer (14

rounds as opposed to 7 rounds in the determirdate);
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(i) in some cases, players’ strategies do not evenecgauo a feasible solution — that
is, players’ offers crystallise on values that ao# compatible with the resource
constraint for neither variables;

(iii) explicitly accounting for uncertainty in the reali®on of the surplus leads, under
some circumstances, players to bargain harder.osk phey are better off only

when the realisation of the surplus is low, as camg to the deterministic case.

These results are in line with intuition and witheyious results of similar models: they
therefore lend support to the hypothesis that rapperative bargaining is a useful framework for
exploring negotiation processes and players’ giratebehaviour. Applying non-cooperative
bargaining theory can provide some useful insightssed on formal models, as to which factors
influence to a significant extent players’ straésgand, as a consequence, the resulting equilibrium
agreement policy.

The value added of exploring management problentBirwia non-cooperative bargaining
framework lies in the ability of the approach tolphéinding politically and socially acceptable
compromise. The proposed model can find severdicapipns, in particular, in the field of natural

resource management — where conflicts over howadcesa resource of a finite size are increasing.
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