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1 Introduction

There are countless negotiations where agreement is reached only after protracted deal-
ings. Arguably, in many cases the main cause of delay is apparent, be it the complexity of
the issues debated or uncertainty over the real needs of the negotiating parties. Yet, there
are situations where issues are straightforward and negotiating stances well publicised
(e.g. the renegotiation of a national employment contract, where all data and accounts
are publicly available), and still agents cannot manage to avoid prolonged delays before
reaching an agrement. Why?

In this paper I argue that the interplay of parallel sets of negotiations is one important
source of inefficiencies when there are no other obvious ones (i.e. under complete infor-
mation). Indeed, there are several occurrences where, even once they are stripped down
to their essential features, bilateral discussions over an issue of contention do have effects
over third parties. This is typically the case for matters of public concern, such as trans-
port, health, the supply of utilities. Whenever industrial action looms on negotiations in
any of these domains, governments have a vested interest in a speedy resolution of the
dispute to minimise the adverse consequences on the public at large. Thus the remits
of the original negotiations over wages, layoffs, working conditions and so on extend well
beyond the concerns of the parties directly involved - the third party which is unwillingly
pulled into negotiations has a concrete interest to put up resources and protect his own
stake in the dispute.

Once this feature is recognised, the original set of negotiations in effect run in parallel
with another set of negotiations involving the stakeholder. The crucial issue is that the
resources bargained upon on the two negotiating tables are interconnected, in the sense
that now the terms of each agreement can be conditioned on the outcome of the other one.
The resolution of each stalemate hinges upon the resolution of the ‘meta’-dispute, which
encompasses all parties: this creates the potential for a strategic interplay between the

two sets of negotiations (the original one and the one with the stakeholder), which may



be the cause of severe inefficiency. The reason for this is simple, and easier to illustrate
with an example. Consider the case of a firm threatening to close a plant during an
economic downturn. The impact that job losses may have on the economy at large and
on voter behaviour may be enough to warrant the involvement of the government, that
could intervene with a handout to the firm. So in effect two deals need to be stricken,
one between the firm and its workforce (e.g. on reduced pay versus layoffs), and one
between the firm and the government (over financial support). The crucial aspect is
that in considering a concession over the terms of employment to the workforce, the firm
will bear in mind the development of its negotiations with the stakeholder. Similarly, no
financial support will be forthcoming from the government unless agreement is reached on
employment issues. In this setting the firm is pivotal, in that its agreement is needed in
both sets of negotiations for a successful resolution of the dispute. Neither the workforce
nor the government can on their own guarantee a quick resolution, as neither of them can
influence directly the set of negotiations in which they are not a bargaining party. To
the contrary, the firm can single-handedly draw the dispute to a speedy conclusion, by
conceding on both negotiating tables; or impose a drawn out process to both of the other
sides. Provided the gains from obtaining its most favoured alternative are sufficiently
high, the latter may be an attractive prospect for the firm.

One could contend that this sort of inefficiency could be removed if all parties were
involved in negotiations over all issues, so as to have a trilateral negotiating table at the
outset. Besides the fact that this may be sometimes either unfeasible or undesirable for
some of the parties, multilateral negotiations generally do not solve inefficiencies’.

Alternatively, one could argue that inefficiencies may be removed if governments

strengthen their reliance on legislation; in the example above, the introduction of tighter

1Tt is well known that strategic models of multilateral bargaining generate delayed agreement, unless
restrictions are imposed on the strategies or the bargaining protocols (see e.g. [10], [9] and references
therein). This is even more so when a stakeholder that can give out resources is present; see e.g. [8] and

12].



rules on consultation of the workforce, the imposition of higher levels of redundancy pay,
and could arguably eliminate the need for the government to take an active role in specific
negotiations, thus removing the source of inefficiency outlined above. In fact, though, the
tendency of modern governments it is towards less and less mandatory intervention, with
the consequence that governments become progressively more active players in negotia-
tions, rather than ‘referees’. For instance, in industrial relations the rules for consultation
with the trade unions in effect do not prevent massive layoffs when companies feel this is
needed. A case in point is the one involving the Anglo-Dutch steel group Corus, that in
February 2001 announced its intention to cut 6050 jobs in the UK. After months of nego-
tiations, trade unions eventually failed to persuade Corus to fund retraining of employees
for employment in other sectors, and in May Corus confirmed it was to go ahead with the
announced layoffs. In the event the government tried and failed to induce a rethink of the
massive job cuts, and finally intervened with substantial financial support, in a package
comprising lump sum payments to laid off workers and their retraining® .

In the rest of the paper I study the effect that the parallel development of two sets of
interconnected negotiations has on the final settlement.

My modelling strategy starts from the observation that negotiations typically do not
take place in a vacuum: they may come at the end of a previous contract, in which
case there may be some natural default option (e.g. the previous agreement), and the

negotiating parties may avail themselves of external independent advice®. In short, there

2For example, in the UK the Secretary of State for the Department of Trade and Industry Byers
declared “Government needs to be active but must not be interventionist. In doing so I reject the
approaches of the past. That of the new right who took the line that the market should be the ‘be all
and end all” and that government should simply keep out. And that of the old left who believed in large
scale intervention, coupled with massive state subsidies which either sought to back winners or to rescue

failing companies.” See [5].
3Incidentally, note that in this instance Corus was in effect involved in two parallel sets of negotiations,

one with the unions over the conditions of layoffs, and one with the Government to win financial support

for re-training.
4For instance in the UK Pay Review Bodies make recommendations to the government about the



will be preferred settlements for each side which, if incompatible, trigger negotiations.
Thus initially (in section 2) I model negotiations as a war of attrition between the two
contending parties, each putting forward its most preferred settlement. In the standard
war of attrition setup probabilistic delays can be obtained in equilibrium under complete
information® by relying on mixed strategies, which are however often troublesome to
justify as a deliberate choice®. In this respect, the interesting aspect of my simple model
is that delayed equilibria occur in pure strategies, as discussed in section 3.

In section 4 1T endogenise the process by which the demands are formulated, and
show that this does not eliminate inefficient (i.e. delayed) equilibria. Finally section 5

concludes.

2 The model

The firm is engaged in two sets of negotiations, one with its employee over wages, and
one with the government over financial support. All agents discount utility at the istan-
taneous rate r; (with i = f,w,g for firm, worker and government respectively), so that
an agreement reached at time ¢ over a payment x to agent ¢ yields to this agent a utility

rit

of xze™"" in present discounted value. To capture the feature that the two bargaining

problems belong to the larger ‘meta’ dispute, agents obtain their payoff only when both

sets of negotiations are over’.

‘appropriate’ level of pay for various public sector employees. In Canada conciliators and mediators can

be appointed by the government to help resolve management-union disputes. See [3].
%See [4], who characterise the Nash equilibria of the war of attrition under complete iformation for a

general class of payoff functions.
6See for instance the excellent discussions in [11].
"This model is distinct from the standard war of attrition in that there are two sets of interrelated

negotiations running alongside. This also sets my setup apart from generalised war of attrition models
(see [2] or more recently [7]), where m > 2 agents compete for n < m prizes. In that case multiple agents
compete in the same war of attrition, and the game terminates once n —m agents have conceded. To the

contrary, this paper is concerned with multiple wars of attrition.



In negotiations between the firm and the worker, let w, be the worker’s preferred

settlement, and wy < w,, the wage preferred by the firm. Normalising firm’s revenues

to unity, the corresponding profits for the firm are m, = 1 — w,, if the worker’s proposal

goes through, and 7y = 1 — wy if the firm’s proposal goes through. If agent ¢ = w, f

concedes at time ¢;, then this implies agreement on wage w;;. If both agents concede at

the same time, then each of the two agreements is implemented with equal probability.

The time when an agreement is enjoyed depends on whether or not the parallel set of

negotiations (between the firm and the government) is over or not. If it is, then the wage

agreement is implemented immediately upon agreement. If not, then the wage settlement

is implemented as soon as agreement is reached in the firm-government negotiations. Let

7 = min {7, 7/} denote the time at which an agreement is reached in firm-government

bargaining. Then payoffs for the firm and for the worker in negotiations over wages,

denoted respectively by us (t7,t,;7) and w, (t7,%,;7), are as follows:
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For both payoff functions, the first three rows refer to payoffs when agreement over wages

in this set of negotiations is reached after the time 7 of agreement in firm-government
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negotiations. The three bottom rows refer instead to payoffs when agreement over wages
is reached not later than the agreement in firm-government negotiations.

Negotiations between the firm and the government develop in similar fashion. Given
the size of the total public stake S, let h, be the handout to the firm favoured by the
government, and hy > h, the outcome preferred by the firm. If agent i = g, f concedes
at time 7;, this means that an agreement is struck on government payment h;.;. If both
agents concede at the same time, then each of the two agreements is implemented with
probability of % As above, if there is already agreement in the firm-worker negotiations,
then the settlement over the government’s payout to the firm is implemented immediately.
Alternatively, it is implemented as soon as an agreement is reached over wages. Let
t = min {t,,t;} denote the time at which an agreement is reached in the parallel set of
negotiations between the firm and the worker. Then payoffs for the firm (denoted by

uys (77,745 t)) and the government (denoted by u, (77, 7,4;t)) are

)
hgem"17r it T <71 <
—hg;hf e it t<Tmp=1,=7
hge="i7sif t<71, <7y
ug (7p, g3 t) = ‘ :
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\

In order to derive the equilibria it is convenient to start by looking at each war of

attrition in isolation. Consider first the one between the firm-worker over wages. As
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a preliminary it is useful to define ¢} and ¢, as the times such that the firm and the
worker, respectively, are indifferent between (i) holding on and obtaining its own proposal
with delay, and (4i) conceding immediately to the opponent’s proposal. Then ¢} solves

T

e "t = m, and t} solves wye "t = wy, yielding

1 1 1-—
t;:—1n<ﬂ)=—ln< wf>>0
Ty Tw Ty 1—w,

and

respectively. Note that the above imply that, at any time before these threshold times,
the agent prefers to hold on rather than concede, since the payoff if conceding is less than

the payoff if the opponent concedes at the threshold, that is
er_Tft >t < t} and w,e "t > wr et <t

These threshold times are useful for the derivation of best response correspondences,
to which I now turn. Suppose first that 7 = 0 (so that there is immediate agreement in
firm-government negotiations). The setup then collapses to the standard two players war
of attrition in complete information®. As long as the worker concedes at some t,, < t*,
from the discussion above it is clear that the best response for the firm is to concede after
the worker, setting ¢y > t,,. If instead the worker chooses ¢,, > ¢}, then the firm’s best
response is to concede immediately (i.e. ¢; = 0). Consider now the case when 7 > 0, so
that there is delayed agreement in firm-government negotiations. As long as ¢,, < ¢} the
analysis is the same as the standard case. However, when t,, is greater than ¢%, whether
or not it is a best response for the firm to concede depends on how large 7 is, which in
turn determines when the agreement is going to be implemented. For instance, even if

the firm were to concede immediately (so that t; = 0), it would still have to wait up to

8This admits two pure strategy Nash equilibria which are symmetric and in which one of the agents

concedes immediately. Equilibria with delayed agreement can only be obtained in mixed strategies.
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time 7 in order to obtain 7. Thus, if parties haggle in the parallel set of negotiations
for a sufficiently long time (as measured by 7), there may be an incentive for the firm
to ‘overlast’ the worker (i.e. set t; > t,,), as by so doing it obtains the higher share of

surplus ;. This is the case as long as

7rftw TFT

mre > Twe

which is equivalent® to
T >ty — t}
On the other hand, if

T

e~ e < e T S T < by — ty

then any ¢ty < 7 is a best response for the firm. The firm’s best response correspondence

is thus
{tf : tf > tw} if ty < t}kc
{ty =0} U{ty >t,} if tw = 1}
By (tw; 7) = {t; =0} if tw >t and 7 =0

{ty -ty >tey  if tye (t5,t5+7] and 7 >0

{t; -ty <7} if  ty>tj+7Tand7T >0

One can proceed similarly for the worker to obtain:

;

{tw : ty > tr} if ty <ty
{tw =0} U {t, > t;} if ty =t
By (ty;7) = {t, =0} if ty >t and 7 =0
{tw : tw > ts} if t;e (th,ts +7] and 7> 0
{tw :ty, <7} if tp>t +7and 7 >0

\

9The above expression can be rearranged as :—f > "/ (t«=7)  Taking logs on both sides and rearranging

yields (¢, — 7) < % In (:—f) = t%, from which the expression in the text follows.
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Putting the two best response correspondences together one can identify the candidate
equilibrium strategies for any given 7, and verify that as long as 7 is strictly positive it
would be possible to support equilibria with delays in pure strategies. Figure 1 clarifies this
point. The light grey areas denotes the firm’s best response to any choice of stopping time
for the worker, while the dark grey area identifies the worker’s best response. Equilibrium
outcomes correspond to the overlap of the two best response correspondences (checkered
area in Figure 1). For instance, one such equilibrium outcome is with (t; = t& + 7,t, = 7),
which correspond to the upper leftmost corner of the bottom overlap area in Figure 1.

Legend

: Firm’s best response
correspondence

: worker’s best response
correspondence

@ overlap

Figure 1: Best response correspondences for the worker and the firm in the war of attrition

over wages.

More in general, the areas of overlap in Figure 1 identify the continuum of delayed
equilibria. In these equilibria player j concedes at time ¢; < 7 given that his opponent

chooses t; > t; + 7, whereby it is optimal for player j to do since, by inspection of



the best response correspondences above, t; > t; — t;“- > 7 > t; is a best response to
t; < min {¢f,7}. Thus one class is with the firm not conceding, i.e. (t, = z,t; =t} + z)
where z < 7 (bottom right overlap area). Similarly, one can construct a continuum of
equilibria in which it is the worker who holds out for longer, i.e. (t F=Ystw =13+ y)
with y < 7 (top left overlap area).

The analysis of the firm-government war of attrition can be easily developed by fol-
lowing a similar line of argument. Define now 7; and 7, as the times such that the firm
and the government, respectively, are indifferent between holding on - thereby obtaining
their own proposal with delay - and conceding immediately to the opponent’s proposal.

These two values solve

1
hg=hpe™" & 77 =—In <@> >0
Ty hy
and
—7reT * 1 S B h
(S —hg)=(S—hg)e ™" &7, :r_gln<S—h;> >0
respectively.

Then, by arguments similar to those followed for the war of attrition over wages, the
best response correspondences for the firm and the government when negotiating over

financial handout are:

{rp 1> 15} if Ty < T}
{rp=0U{r; >1,} if Ty =T}
By (7g;t) = {ry =0} if Ty > 7f and t =0

{rp 1> 15} if 7,€ (0,77 +t] andt >0

{rp 1y <t} if 7,>7i+tandt >0

for the firm and:
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{rg 1y > 74} if t=0and 77 <7

{ry =0} U{r, > 1} if t=0and 77 =7

By (1y:t) = {r, =0} if t=0and 75 > 7}
{7y 7 > 14} if 7, € (0,754t andt >0
{1917y <t} if 71p>7p;+tandt>0

\
for the government. Here again if ¢ is strictly positive but not too large, there are equilibria

with delays in pure strategies.

3 Delayed equilibria

It is now straightforward to put the two set of negotiations together and derive the equi-
libria of the game. Note that as the firm is engaged in both sets of negotiations, its
strategies are obtained as the Cartesian product of the strategies available in each war of
attrition.

It is immediate to verify that, as in the standard war of attrition, here as well there are
equilibria with immediate agreement. In all these equilibria one agent backs down imme-
diately, giving in to the (credible) threat that his opponent will hold on for long enough
(i.e. beyond the threshold ¢! of the conceding agent 7). It is however more interesting to
consider whether in this simple setup delayed equilibria can arise in pure strategies. This
can occur only if both set of negotiations are delayed: if either of the war of attritions
were to end with immediate agreement, the best response correspondences in the parallel
set of negotiations would reduce to a standard war of attrition, with immediate agreement
in pure strategies. Thus all of ¢y, t,,, 7/ and 7, have to be positive. Once both wars of
attrition are considered simultaneously, inspection of the best response correspondences

yields immediately the following:

Lemma 1 Lett;, t;, 7, 74 (withi, j = f, w and p, ¢ = f, g) be such that for some i,
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Jypandq, t; <71, t; >t + 71,1, <t 1y > 1)+t withi # j, p# q. Then a delayed

agreement equilibrium exists.

The other interesting feature is in the lemma below, which establishes that in any

delayed equilibrium both negotiations must end at the same time:

Lemma 2 Suppose the conditions for lemma 1 hold. In any delayed equilibrium it must

be T =t.

Proof. Observe that the inequalities in lemma 1 imply that ¢; > ¢; (since t; >
ty +71 > tf +1t; > t;, where the central inequality uses ¢; < 7) and 7, > 7, (since
Tg > Ty +t > 1)+ 7, > 7, where the central inequality uses 7, < t). Consequently, t = ¢
and 7 =7,. Thent; <7 =17, and 7, <t =1; can both hold only if t =¢;, =7, = 7. [ |

Lemma 2 underlines the crucial characteristic of the set of delayed equilibria: in all
these equilibria, agents haggle for some time before agreeing. The intuition for this is very
simple: as long as agent j in one set of negotiations expects haggling in the parallel war
of attrition, there is no point for this agent 7 in giving in before the other negotiations
are up. Thus, both sets of negotiators coordinate on terminating with some delay.

Figure 2 depicts one possible delayed Nash equilibrium outcome of the game. In the
case illustrated the worker is the first to concede over wages, at time =, whereas the firm
is the first to concede in negotiations over public money, also at time x.

The critical characteristic of delayed equilibria is that the firm uses strategically the
fact that it participates in both negotiations, and that in by so doing it can single-
handedly impose delays to both the other negotiations. As long as this threat is credible,
the other side of the negotiations will concede. Consequently, the firm never concedes
i both negotiations. This is stated more formally in the following proposition, which
establishes that in equilibrium either the firm holds on at least in the negotiations with
the government (case 1, where 74 > 7,) or it holds on at least in the negotiations with the

worker (case 2, where t; > t,,):

12



L={(tt,):t=x%, t,> t+ x } Legend

7 Firws best response
correspondence

mm: worker’s best response
correspondence

s ooverlap

t;
]:2={(tf7tw):tf> t:ﬁ' X, t,=x }

.

Legend

7 Firms best response
correspondence

I government’s best
response correspondence

B ooverlap

L={(1, 1) T>> T,+ x, T,=x }

Figure 2: Points a and b denote one possible Nash equilibrium outcome, where 7; = x =

bwy Tg > Tf + 2, by > 13, + .
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Proposition 3 Suppose the conditions of lemma 1 hold. For any w;, h; > 0 (with

i=w, fand j =g, f) such that w, > wy and hy < hy let T, = %ln(%> and
— 1 (1fwf+hg

Lg = 77 W\ Tow,1h,

equilibria of the game:

). Then the following fully characterises the pure strategy delayed

1. for any x € (0,T,) and y,z > x the following is a delayed equilibrium.:
(ti=zt; =t +y,17g=2,77 =7) + 2)

2. for any x € (0,%,) and y > x the following is a delayed equilibrium:
(tw =ty =t +y,mp=2,7,=17) +2)

Proof. See Appendix.

The feature which emerges from the analysis of the equilibria is that the government
and the workers are at a disadvantage in negotiations with the firm, which always pre-
vails in at least one of the two negotiations. The intuition behind this result is that no
unilateral deviation by either the government or the worker can impact on the overall
outcome of negotiations. In fact, an earlier concession than as specified by the strategies
in proposition 3 would not anticipate the overall end of negotiations. On the other hand,
a deviation to holding on even further would not be profitable: although this may mean
obtaining the most preferred settlement, this would come at a time which is late enough
to make this proposition unappealing. To the contrary, unilateral deviations by the firm
can indeed change the implementation date for all agreements, and it is this which gives
the firm a stronger bargaining position.

Consequently, as established in Proposition 3, delayed equilibria can be only of three
‘types’: either the firm holds on in negotiations over wages, or in negotiations over public
money, or in both. The firm never concedes in both at an equilibrium. This can be
illustrated with the aid of figure 2, where points a and b denote equilibrium stopping

times in negotiations over wages and over government’s handout, respectively. Then,

14



Proposition 3 implies that in a delayed equilibrium either a€ I, and be I3, i.e. the firm
holds on in negotiations over wages, but gives in negotiations over public money, as in the

example in the figure; or a€ I; and b€ Iy, or a€ I, and be I,.

4 Incompatible demands?

So far I have assumed that negotiators start at the outset with incompatible demands, each
of them favouring a different outcome. Although this is not an unreasonable assumption,
it is worth investigating whether these demands can be endogenised in some ‘pre-war of
attrition’ stage, and what the impact is on the behaviour in the war of attrition. In this
section the initial demands are endogenised: in the modified model the war of attrition
stage is preceded by a bargaining phase in which agents choose their demands.

Each of the two negotiations (the one over wages and the one over the government
handout) is thus composed of two phases. In the bargaining phase each of the two sides
in the negotiations tables its proposal. If demands are compatible, then an agreement
is reached. Alternatively, negotiations enter the war of attrition phase (as described
in section 2). As in the base model, agents obtain their payoff only when both sets
of negotiations are over. The bargaining phase is structured as a simple Nash demand
game, where both sides involved table their claims/offers independently. Proposed wage
settlements w and government contributions h are allowed to vary within some bounded
interval, i.e. w € [w,w| and h € [ﬁ,ﬁ], with w < @ and h < h. For instance, there
may be budgetary constraints on how much the stakeholder can contribute to support the
firm, or there may be a minimum wage in operation.

In wage negotiations, wy and w,, now denote the wage settlements put forward by
the firm and the worker, respectively. If w; > w,, then these wages are compatible,
and this set of negotiations ends in agreement, with the worker accepting wy, leaving
s = 1 —wy for the firm. If instead w; < w,,, then negotiations enter the war of attrition

stage described in section 2.
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Negotiations between the firm and the government develop in similar fashion. Given
the size of the total public stake S, let h, be the handout to the firm proposed by the
government, and h; the claim by the firm. If h, > hy, negotiations end with the firm
obtaining h, leaving a residual S — h, for the government. If instead h, < hy, negotiations
enter the war of attrition stage.

In this setup, the bargaining phase is in effect the first stage of a negotiation game,
with the war of attrition as second and final stage. Thus, in order to derive the equilibria
of the two stage game we have to ‘fold’ the equilibrium behaviour in the war of attrition
back one step to determine the optimal behaviour in the first stage (bargaining).

Obviously there are equilibria in which initial demands are compatible, so that agree-
ment is reached immediately. In this equilibria any quadruple of compatible demands
can be supported by the immediate equilibria of the second (war of attrition) stage. A
more interesting question is to see whether the inefficient (delayed) equilibria of the base
model are wiped out by the first stage, in which demands are chosen strategically. As I
show below, the strategic incentives to delay agreement are still paramount, and delayed

equilibria still occur in pure strategies:

Proposition 4 For any w € (0,1), h € (0,5) let J, = ~ln{=4%, 7, = LI Lwih

l1—w+h’ Jw Ty 1—w+h’
— _ 17, 1-w+th .
Yo =7, In =07 Then:

1. Concession over Wage (CW): For any = € (0,y,) and y,z > x there exists a
subgame perfect equilibrium with delayed agreement in which the firm concedes in
bargaining over wages. In this equilibrium the worker obtains the highest wage w.

Supporting strategies are as follows:
(ww =W, ty :t?—i—y) , (wf =w,hy :E,tf =,Tf :T;+z) ,(hy = h, 1, =2)

2. Concession over Handout (CH): For any x € (O,QQ) and y,z > x there exists is a

subgame perfect equilibrium with delayed agreement in which the firm concedes in
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bargaining over the government handout. In this equilibrium the firm obtains the

manimum handout h. Supporting strategies are as follows:
(Wy =w,ty =), (wp =w,hy =h,ty=t, +y,y ::L‘),(hg =h,T, :T;—I—z)

3. No Concessions (NC): For any = € (0,Y,) and y,z > x there exists is a subgame
perfect equilibrium with delayed agreement in which the firm holds out in both sets

of negotiations. Supporting strategies are as follows:

(ww:w,tw::L‘),(wf:w,hfzﬁ,tf:t;—i—y,Tf:T;—I—z),(hg:h,Tg:x)

Proof. See Appendix.

The proposition above establishes that delays can still occur even when agents can
formulate their initial demands: it pays to risk delay by setting as high a claim as possible
if the claim is eventually successful. To see this, recall from the discussion of proposition
3 that in both sets of negotiations the worker and the government are somewhat at a
disadvantage, in that any unilateral deviation is not sufficient to anticipate agreement. A
deviation may be sufficient to postpone agreement, but this is never profitable. To the
contrary, because it is involved in both sets of negotiations, the firm is the only player
that could single-handedly impose an immediate agreement. This, however, would mean
accepting the opponents’ proposals, and as long as the demand put forward is sufficiently
attractive, the firm has an incentive to haggle. The crucial feature of the delayed equilibria
of the game is that in each set of negotiations both agents start out with incompatible
demands, but one of them will prevail. Consequently, it is optimal for such ‘strong’

negotiator to set his initial demand as high as possible.

5 Discussion

The upshot of this paper is that whenever negotiations can be configured as running

in parallel with interconnected surplus and one player in common, inefficiencies are rife:
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although the model does allow for efficient equilibria - where agreement is immediate
- delayed equilibria are a pervasive phenomenon. One prediction of the model is thus
that industrial relations in sectors of public interest should be characterised by a higher
degree of conflict: as discussed in the introduction, in this case the possibility of strikes
has an impact on the public at large, so that the government has a stake in the firm-
workforce negotiations. Consequently, one should really look at the ‘meta-negotiations’
which involve the firm and its workforce on one side, and the government and one of the
other agents on the other, depending on the exact nature of the dispute. Indeed, there is
evidence in support of this. For instance, in Canada the share of total strike days lost in
the public sector relative to the private sector has increased!’ since the mid 1970s.

As discussed above, the rationale for this result is the fact that two sets of negotiations
are interdependent implies that an agreement can be implemented only once all issues have
been settled; this may introduce an incentive for the pivotal agent (i.e. that involved in
both negotiations) to delay agreement in order to win the maximum concessions from
one’s opponents. This feature also makes it possible for inefficiencies to persist even
once the initial demands are endogenised: although there exist equilibria with immediate
agreement, once more the linkage between the two sets of negotiations creates an incentive
for delay. Interestingly, this would not be possible if the first stage of negotiations was
followed by a standard war of attrition game, where delays are generally obtained only
under incomplete information!!.

Thus it would appear that it is the existence of a wider interest which generates
the possibility for one party to take a pivotal role and act strategically to its maximum

advantage.

10See [3].
"See [1] and [6], who study the equilibria of bargaining games under incomplete information when

players can be “stubborn”, i.e. insist on receiving a particular share.
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Appendix

Proof of proposition 3

Observe that in all cases © = min {¢,,, ¢y} = min {7/, 7,}. Then no agent has a profitable
deviation. Consider the worker first. In case 1, if # = f, then it cannot be profitable
for the worker to concede at any different time, since given the other agents’ equilibrium
strategies, his payoff would remain unchanged (note that if he conceded earlier than the
firm - at a time ¢, < t; = = - he would still have to wait until agreement is reached
in the other set of negotiations at time x). Consider now the possibility that i = w, so
that in both cases 1 and 2 it is the worker who concedes first (obtaining a share wy).
A deviation to hold on further can only be profitable if the worker can do so until the
firm concedes (otherwise he would get still wy, but later, since he would push forward the
implementation of all agreements), so that he can obtain the higher wage w,,, although
later. Suppose then that the worker deviates to ¢/, = t¥ +y+¢, with € > 0 and arbitrarily
small. Because the worker is now pushing the date of implementation of all agreements

T

forward, his payoff from this deviation is wye "%, which is smaller than the equilibrium

—Tw

payoff wye since

—ryth, —Tu & T (th,—1) / i & — ¢*
Wy < wye & <e St,>—In +r=t,+x
wy Tw wy
where the last inequality is true by the definition of ¢/, (recall that y > z). Similar
reasoning shows that there can be no profitable deviation for the government. For the
latter the only possibility to consider is when p = ¢ (in case 2) and the government deviate
to hold on further than the firm, until time 7, = 7, +2z+-¢. In this case the deviation payoff
would be (S — hy) e7"s%’ which does not improve on the equilibrium payoff (S — hy) e™"s*

since

/ S—h / 1 S—h
(S—hg)e ™ < (S—hy)e " & 9 < erol(moe) T > —1n< g) +r=71,+x

S—hf T‘g S—hf w
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where as above the last inequality holds by the choice of 7, (recall that z > z). Finally,
consider the firm. In case 1 when ¢+ = w and in case 2 when p = ¢ the only potentially
profitable deviation is to concede before x in both negotiations (which is the only way in
which the firm’s payoff can be positively affected - if the firm conceded in only one bargain,
it would decrease its payoff in that negotiation without any impact on the implementation
date). So, if the firm is to deviate, it will set t; = 7; = © — ¢ > 0. The corresponding
payoff is thus m, + hy, so that this deviation is not profitable since
(Tw + hg) €7@ < (1 4+ hyp) e e < %ln (%)

where the last inequality holds true since

1 1-— 1 1
ccpem, = L (o WethyN 1y (el L (T ARy
Tf 1 —wy, + hy s Tw + Ry T Tw + Ry

for case 1 and
1 1— h 1 h 1 h
s 1 —wy, + hy s Tw + Ry s Tw + Ry
for case 2. Suppose now ¢ = f in case 1. A deviation to giving in later on in negotiations
over wages, at time t’f say, can only have an impact on payofts if t’f >ty =1} +y. Then
let t}; =t} +y + ¢, so that the firm’s payoff from this deviation is (7, + hy) e (ttvte),
For this deviation to be profitable it must be
. 1 mr+h
—re|te+yte —7rsx f f * *
(7Tf+hf)€ f(f Y ) > (7Tw+hf)€ f <:>Eln<ﬂ'w——}-hf> >tf—|—(y—3c)+5>tf
This generates a contradiction, as
1 1 +h
t} =—1In <ﬂ> > —1In (M) & T > Ty
Ty Tlw Ty

2

A deviation to some earlier time t}; = 2 — & > 0 in both negotiations'? would also be non

profitable, as the firms’ payoff after this deviation would be (7, + hy) e "#(*=%) which is

1?Recall that if the firm were to give in earlier in negotiations over wages only, the overall time of
agreement would be left unchanged, whereas its share in the war of attrition with the worker would be

reduced to my,.
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smaller than the equilibrium payoff (m, + hy) e "/ since

1 w+h
(Mo + hg) e @) < (1 +hy)e " e < —1In (Lﬂ)
: ry Tw —|—h,g

where the last inequality holds true since

1 1—wy,+h 1 w T+ h
5§x<%:_ﬁ(_JLiJ>:_m<liJ> 1)
Tf 1 —wy, + hy s Tw + Ry

Similar arguments can be used to show that there can be no profitable deviations in the
symmetric situation where p = f in case 2. As above, in this case the only payoff relevant
deviations are if either (i) the firm holds on in negotiations over public money until time
Tt = T; + 2z + ¢, or (ii) if it concedes earlier in both negotiations, at time 7'} =x—¢e>0.
Consider (i) first. The payoff following a deviation becomes then (7 + hy)e "/ (77 +Z+€),

which is however less than the equilibrium payoff (7, + h,) e~"#* since the contrary would

require

- . 1 T+ h
h Tff(Tf+z+5) > h —TyT = —l f f > * o > *
(my+hy)e (mp 4+ hy)e p n — I+ (z—x)+e>T;

which in turn generates a contradiction, as

1 h 1 h
T}“:—ln(—f)>—ln<7rf+ f)<:>hf>hg
Ty hg Ty 7Tf+hg

Turning now to (ii), the firm’s payoff after deviating and conceding earlier in both nego-

tiations, at time 7'} =z — ¢ > 0 would be (7, + hy) e ") which is smaller than the

equilibrium payoff (7; + hgy) e "/* since

—r(z—e —rex 1 7Tf+h
(7Tw+hg)€ f( )<(7Tf+hq)€ f <:>8<T‘_fln(7rw——|—h§>

where the last inequality holds true since

1 1-— h 1 h
€§x<@:_m<_gﬁii):_m<ﬁii>
Ty 1—ww—|—hg Ty 7Tw+hg

Finally note that cases 1 and 2 completely exhaust all delayed equilibria. The only
combination of stopping times not covered by cases 1 and 2 is if in a delayed equilibrium
the firm concedes first in both sets of negotiations. This cannot be part of an equilibrium,
though, as the firm could profitably deviate by conceding in both negotiations at time

t'f = T} = x — ¢, thereby obtaining the same shares earlier. ]
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Proof of proposition 4

By proposition 3, if © € (0,7,), in the second stage of the game the delayed equi-
librium with (tf =r="Tgt; =t +y, T =7, + z) can be supported. Substitution of

Wy = W, wy = w, hy = h and hgy = h into 7, yields x € (O,%ln tgig), so that

strategies CW in case 1 above are in equilibrium in the war of attrition stage. Sim-
ilarly, by proposition 3 in the second stage of the game the delayed equilibrium with

(tw =z, bty =1, ty, 7 =27 =T, + z) can be supported if z € (0,7,). Substitution of

1-w+h
1—w+h

Wy, = w, wy = w, hy = h and hy = h into 7, yields = € (0, % In ), so that strategies
CH in case 2 above are in equilibrium in the second stage. Next, by the proof of propo-

sition 3 (see condition 1) in the second stage of the game the delayed equilibrium with

(tw =ty =t} +y,7p =7, 4+ 2,7, = &) can be supported if = € (0, %ln (i:g}’if}z))

Substitution of w,, = w, wy = w, hy = h and hg = h yields z € (0’ % In (tﬁﬁ>>’ 50

that strategies NC' in case 3 are in equilibrium in the second stage. Consequently, we
only have to check for deviations in the first stage. Consider the worker first. If he were to
deviate and asked 1 —wy, his payoft still would not be affected, as because of incompatible
demands in the parallel set of negotiations the game would still enter the second stage,
with termination at time ¢ = z. Similarly for the government. Consider now the firm.
For equilibrium CW in case 1, a deviation in the first stage to compatible payofts would

yield the firm

1 1 —w,+h
1—ww—|—hq<(1—ww+hf)e”“fx<:>a:<—lnw
: s 1 —wy, + hy

which is simply

- 1. 1-w+h
1—E—|—h<(1—E—|—h)e_rfm<:>w<—ln$+

ry l—w+h

where the last inequality holds true because of r < 7, = % In %

Consider now the equilibrium CH of case 2 above. For the firm a deviation in the

first stage to compatible payoffs would yield the firm
1. 1—-w+h

Lowathy=1-wth<(-wth)e™ =1 —w+h)e™ oo < g -7
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1 1—w+h
. In j—

where the last inequality holds true since z <7y, = Finally consider equilib-
rium INC. The firm’s equilibrium continuation payoff in the second stage is (1 — wy + hy) e ™% =
(1 —w+ h) e7"7". By deviating to compatible demands'? the firm would get 1 —w,,+h, =

1 — w + h immediately. But

— 1. 1— h
1l—-w+h< (1—y+h)6_rfm<:>w<—lnA
T‘f 1—U)+h

l—y—i—ﬁ
1—w+h"

which holds true since x < g, = % In

Finally, recall from proposition 3 that delayed equilibria in the war of attrition sub-
game can be supported only if x satisfies the necessary conditions. Furthermore, in the
bargaining phase for the player who anticipates that his proposal will prevail in the second
stage it is suboptimal to set his claim/offer to a value which is different from either the
highest (for the firm) or the lowest (for the worker and the government). Thus those char-
acterised above are the only equilibrium configurations possible for delayed agreement in

pure strategies. [
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