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BARGAINING, REPUTATION AND STRIKES

Vicente Calabuig & Gonzalo Olcina

ABSTRACT

This paper analyses a finitely repeated wage bargaining game, where the union’s
strike decision is endogenous, but there is incomplete information about his striking strategy
space. We characterize the equilibrium path and the equilibrium payoff of all Sequential
Equilibria, following the techniques of Schmidt (1993). We obtain a finite bound,
independent of the horizon of the repeated game, in the number of periods in which the firm
tests the union and in which there are strikes. We also show that for a sufficiently long
horizon, the union can credibly threaten to strike and obtain a high wage for most of the

periods.
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1. Introduction.

Over the last years a considerable effort has been observed in the study of
wage negotiations, between unions and firms, in the context of non-cooperative
game theory. An important element in this wage bargaining is the ability of the
union to impose costs on the firm if there is disagreement between the parties,
that is, a strike. But in fact, the union has two options if an agreement has
not been reached, the union can strike or can continue working at the prevailing
wage. Some authors, Haller and Holden (1990) and Fernandez and Glazer(1991)
apply these ideas in an infinite-horizon alternating offers bargaining model with
complete information. They obtain equilibria more favorable to the union where
this one achieves a better wage using the strike threat. However, there is a
drawback in these models: a severe problem of equilibria multiplicity, some of
them very favorable to the firm, where the strike threat is not used. On the
other hand, there is a strong contrast between the finite horizon model and the
infinite horizon version. In the former, there is a unique outcome of Subgame
Perfect Equilibrium (SPE), in which no strikes can occur. But, intuition strongly
suggests that if we give one side of the negotiation -the union- such possibility of
imposing costs, the result of the model should be the ”most favorable equilibrium”
for the union.

All this previous work analyses the case in which the negotiations can last

several periods until an agreement is reached, but there is only a single contract



negotiation. However, it is widely noticed that collective bargaining, between
workers and employers, takes place periodically. Thus, if we wish to investigate
the wage negotiations is better to consider these as a repeated bargaining game,
rather than a single bargaining case. One would expect the threat of strike to be
more effective for the union’s interests in this repeated situation.

In this paper, we give a formal justification for this intuition, by means of
reputation effects in a finitely repeated wage bargaining game. We assume there
is some incomplete information about the union’s type, but, in the sense of which
"striking” strategy will follow. In particular, there is a small probability of being
a "fighting” union, that is, it never accepts a wage below some high level and if
it is not offered this wage, it always strikes. Then, the union may take advantage
of the uncertainty of its opponent and build up a reputation of being tough,
enforcing its most favorable outcome.

Our model follows the standard approach on reputation effects started by
Kreps and Wilson (1982) and Milgrom and Roberts (1982) and continued with
Fudenberg and Levine (1989). In particular, our analysis technically relies on
the work of Schmidt (1993), who deals with the case of two long run players.
We characterize the equilibrium path and the equilibrium payoff of all Sequen-
tial Equilibria (SE), instead of calculating the SE of the game. We provide, as
preliminary results, an upper bound for the wages offered in equilibrium and a
lower bound for the equilibrium payoff of the firm, which play an important role

in obtaining the main results of the paper.



In this repeated situation, the firm has strong incentives in finding out which
is the true type of union by offering low wages and observing the union’s behavior.
This is what we call the screening activity by the firm. Screening is an investment:
the costs are the benefits lost in the strike and the possible gains are the low wages
that has to pay thereafter, if the firm discovers the true type of union. We obtain
a finite bound in the number of periods in which the firm tries to discriminate and
test the union and in which there are strikes, independent of the horizon of the
repeated bargaining game. That is, the normal union strikes in order to convince
the firm that he is the ”fighting” union, while the firm tries to find out the degree
of commitment of the normal union to behave as if he were a fighting union. We
also provide some comparative statics results. Namely, this finite bound is an
increasing function of the patience of the firm and the target wage of the fighting
union. And, a decreasing function of the prior beliefs about the union’s strength,
the fall-back position of the union and the profitability of the firm.

Finally, we characterize the equilibrium for a sufficiently long horizon. We
show that the firm will not try to discriminate until the last periods of the game,
because she knows that the union has strong incentives to build up his reputation,
by rejecting low wages and calling a strike. Then, the union can get the highest
wage in almost all periods except for the end of the game. Therefore, in our
model, we obtain wage rigidity without strikes for most of the periods. In this
sense, it is more accurate not to talk about ”reputation building” by means of

striking, but to say that the union can use the incomplete information to credibly



threaten to behave as if he were a fighting union.

The rest of the paper is organized as follows. Section 2 describes the repeated
wage bargaining game. Section 3 presents some preliminary results characterizing
wage offers and payofls on the equilibrium set. The core of the paper is Section
4, in which we analyze the screening activity by the firm. In section 5 we charac-

terize the equilibrium showing wage rigidity. Finally, section 6 concludes.

2. The Wage Bargaining Model.

A union and a firm bargain over a surplus b > 0 each period ¢, in T periods. We
suppose that the biggest wage that the union can obtain, is always smaller than
the surplus b. We make this assumption in order to guarantee that the worst wage
agreement for the firm is better than always suffering a strike. This assumption
seems realistic and, from a technical point of view, avoids some uninteresting
indifference cases. The stage game G is as follows: in each period ¢ the firm
proposes a wage offer wy from the set W = [0,b). The union then responds by
either accepting the offer (A) or rejecting it. If the union accepts the offer, the
bargaining is over, and the unions’s share is w; and the firm’s share is b — wy
in that period. If the union rejects the wage offer, the union must then make a
decision, to strike (RS) or not to strike (RNS). If the union decides not to strike
that period, workers work and receive w,, and the firm obtains the revenue b
minus the wage bill, that is, b — w,. The wage w, is considered the wage which

is paid to the workers in the non-unionized sector. It reflects their participation



constraint: the firm cannot enforce a lower wage because the workers would leave
the firm and would go to an alternative sector. If the union decides to strike,
workers lose their wage that period, and the firm does not earn b — w,, each
party’s payoff in this period is normalized to zero, although this is not necessary.

Note that we have a stage game in which all the bargaining power is on the
side of the firm. If we had complete information, the unique Subgame Perfect
Equilibrium (SPE) outcome in the stage game would be (w,,b — w,) without
strikes. We have chosen such a model for two reasons. Firstly, to simplify the
model. An alternating offers bargaining model would provide more realism, but it
would be extremely complex as a stage game. And secondly, it is known that the
results of the reputation effects are favorable to the informed party. Therefore,
if in addition to this situation we add more bargaining power in the procedure
to the union, we can bias the outcome. Thus, we prefer to isolate the reputation
effect conceding all the bargaining power to the uninformed party, that is, the
firm,

In any case, we do not feel that this is a strong assumption because if we
had another stage game, for example, an alternating offers model with complete
information and finite horizon, (Fernandez and Glazer (1991) and Haller and
Holden (1990)), it would also yield (w,, b—w,) with no strikes,as the unique SPE
outcome.

Let GT denote the stage game G repeated T times, T' < co. Time is counted

backwards, where 1 is the last period. The game GT represents the repeated



collective negotiations between a firm and a union involved in a long-run rela-
tionship. Intuition suggests that the union could use the strike, in this repeated
situation, to threaten the firm in order to obtain a higher wage. Nevertheless, as
it is easy to check, the unique SPE outcome of GT has the firm offering w; = w,
in every period and the union accepting without striking.

We will assume in what follows, that there is a particular kind of incomplete
information. Namely, there is a positive probability, p*, that there exists a type
of union, which we will call the ”fighting union”,U*, for which the dominant
strategy in the repeated game is the following one: ” Accept w only if it is greater
or equal than w*, otherwise strike”, where b > w* > w,. This is the ”commitment
type” in the same sense of Fudenberg and Levine (1989). This type of union is
”committed” to accept a wage w if and only if it is higher than a certain level
w*. The intuition behind the results we are going to obtain is that the normal
type of union (U) can use the existence of a such a ”fighting” type of union to
credibly threaten to behave as if he were committed to this strategy as well.

Let ht be a history of the repeated game out of the set Hy = ([0,b) X
{A, RN S, RS})T~* of all possible histories up to but not including period ¢, where
A denotes Acceptance, RNS means Rejection without strike and RS stands for
Rejection and strike. A (behavioral) strategy of the firm is a sequence of func-
tions, af : Hy — [0,0).

In an abuse of notation, a (behavioral) strategy of the normal union is a

sequence of functions o : (Hy x W) — S.¥, where YV is the set of all probability

10



distributions over {A, RNS, RS} .

Let pf(h:) denote the updated probability the firm assigns to the event U*
given that she observed the history h;.

The firm (union) discounts her (his) payoff in future periods with the discount
factor 6§ < 1 (6, < 1) . The expected payoffs of the firm from the beginning of

period ¢ for the rest of the game are given by:

=0

t-1
Vi =E, {Z 5} mpej(we—j) + (b — we—y) + Ypj(wi—z) - (b — wo)]} ;

where Fj is the expectation operator and z;—;(w;;) is the probability that
wy; is accepted in period ¢ —j given the history up to period t —j and y¢— j(we—j)
denotes the probability that w;_; is not accepted but the strike is not called given
the history up to period t — j.

We can a obtain similar expected payoff for the normal union:

-1
vV =E; {Z 87w j(wiy) - (i) + Yo (We—g) - (wo)]} :

=0

The appropriate solution concept for this game with incomplete information
is the notion of sequential equilibrium (SE) as developed by Kreps and Wilson
[1982]. We are not going to compute the SE, but instead we want to characterize
the equilibrium path and the equilibrium payoffs of all SE, using the methods

introduced by Fudenberg and Levine (1989) and Schmidt (1993).
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3. Some preliminary results.

The bargaining game, as we commented above, is modelled in such a way that,
if the firm knew the union is the normal one, she would offer no more than w,,
which would be accepted by the normal union and no strike would take place in
equilibrium. The following lemma, provides an upper bound for the wages offered
in equilibrium and a lower bound for the equilibrium payoff of the firm in the

game with incomplete information.

Lemma 1. If u} > 0, then on the equilibrium path of every SE both types of
union will accept any wage offer wy > w* and the firm will offer wy < w*. The

expected equilibrium payoff for the firm from period t onwards is bounded below

by:
-1
Vi=>6-(0—-w").
§=0

If uf = 0, then the firm will offer w; < w, and the union will always accept aiy

Wy 2 Wo.

Proof. We will prove this lemma by induction. If the firm offers w* in the
last period, both types of union will accept. With p} > 0, the firm would offer
wy < w*, and at least would obtain Vi = (b — w*) by offering w*.

Suppose this result is true for period t. In period ¢t + 1 we assume puf,, > 0,
and suppose that the firm offers wy;1 > w*. If the union rejects the firm’s offer,
then the conclusion that the firm has to take out is that she faces a normal union,

because the fighting union would have accepted the offer (the normal union has
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revealed his type) and in the future the firm will not offer more than w, (recall
that we are assuming that the lemma holds for period t). Therefore, both types
of union will always accept any w1 > w*.

If the firm offers wy;1 > w* in equilibrium, both types of union will accept,
therefore the same posterior beliefs about the union’s types remain, puy = pj4 >
0. Tt can be checked that with two types of union, the continuation payoffs in
any SE are unique for given posterior beliefs. Therefore, it is better for the firm
to offer the smaller wage wyy1 = w*, that is, the firm will never offer w1 > w*.

Suppose the firm offers w41 = w* from period ¢+1 onwards. By the inductive
hypothesis all these wage offers will be accepted and the payoff of the firm is
bounded below by VI = Y424 6} - (b — w*),

Note that whenever yj = 0, we are back in the complete information model

in which the unique SPE outcome is w; = w, with no strikes.

The union will never accept a wage below w,, that is, the wage which he can
guarantee himself, and if it is offered a wage greater than w,, it will never choose

the action ”Reject and not to strike”. This is stated in Lemma 2.

Lemma 2. In equilibrium the union never accepts wy < Wo.
If the firm offers wy > w, (where w* > w; ) the union will never choose the

action ”"Reject and not to strike”
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Proof. In the first case, wy < w,, the union will never accept w; in equilibrium
because he has a strategy, namely, rejecting and not striking which yields to him
at least w,. Suppose the union accepts wy < w,. Then, he reveals that is a normal
union and his payoff will be w; in that period, and w, at most in the subsequent
periods by the previous lemma. If he rejects this offer and does not strike, he
gets w, in that period and the same wage in the subsequent periods (because he
also reveals his type). Therefore, the union prefers not to accept.

In the second case, if w; > w, (and w* > wy), by similar reasons as those given
above, the action ” Accept” gives bigger payoffs than ”"Reject and not to strike”.
Both actions reveal that the union is the normal type, which implies subsequent
payoffs of w,, but in the current period ¢, if the union accepts the offer obtains

wy, which is greater than w,. B

Notice that the preceding lemmata imply that if the ”fighting” union has pos-
itive probability, then in any equilibrium there will exist with positive probability

a history in which wy is accepted if and only if w; > w*.

4. Screening by the Firm and Strikes.

Our analysis in this section will focus in a history in which w; is accepted if
and only if w; > w*. The firm’s uncertainty about the existence of the fighting
union is what the normal union uses to threaten the firm to obtain a higher wage.

The normal union has an incentive to imitate the fighting union in order to get a
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higher wage, by means of striking if he is offered a lower wage than w*.
The firm can always concede the high wage in order to avoid the strike, but

her payoff in the bargaining game will be the lowest, i.e., b — w*.

In case she
refuses to offer the high wage w*, she can face two possible situations. If a strike
follows, she will lose her gains, but if the union accepts the lower offer, then he
reveals his type of normal union and the firm would obtain her highest payoff
in each period, - (b — w,)-, thereafter. Hence, the firm has strong incentives to
find out which is the true type of union by offering lower wages than w*, and
observing the union’s behavior. This is what we call the screening activity by the
firm.

The main question we want to analyze in this section, is the existence of a
limit in the number of periods in which the firm will offer wages lower than w*
and suffer a strike, that is, the screening activity. The response to this question
requires to answer a previous one about the existence of a critical value on the
probability of strike, above which the firm is not interested in screening. The
firm has to compare the potential gains with the expected losses of screening.
The former are due to the possibility of discovering the true type of union, what
would enable the firm to offer no more than w,, whereas the latter are the gains
lost in the strike periods'. This comparison will clearly depend on the probability
that the firm assigns to the occurrence of a strike. The intuition suggests that

the higher is the probability of strike, the lower will be the number of periods of

screening.
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We shall demonstrate that there exists a critical value in the probability of
strike in the case of a sequence of short-run firms, each of whom lives only for
one period, or alternatively, §; = 0. That is, above this value, any short-run firm
will no longer offer lower wages.

It is clear that a lower bound for the equilibrium payoff of a short-run firm is
(b — w*). Thus, if she offers w; < w* in equilibrium it must be true that,

ze(ws) - (b— we) + ye(we) - (b —wo) + ze(we) - 0 > (b —w*),

where z;(w;) is the probability of ” Acceptance” of the wage offer w; in period
t, y¢(w;) is the probability of ”Rejection” of w; but without striking and ze(we)
is the probability of ”Rejection” of w; and calling a strike.

We have to distinguish whether w; is greater or smaller than w,.

If wy < w,, we can prove that z¢(w;) = 0. We know that the probability of
acceptance of this wage offer for the normal union, will be zero by Lemma 2, that
is, Prob(U, A) = 0. The probability of acceptance of w; < w, for the fighting
union, by definition, will also be zero, that is, Prob(U*, A) = 0. Therefore,
zy(we) = py-Prob(U*, A) + (1 — pg)-Prob(U, A) = 0.

If zp(we) = 0, ye(wy) - (b —wo) > (b— w*), then as z; +y + 2t = 1,

(1 — z¢(wy)) - (b—wo) > (b —w*), that is,

> 7z with wy < w,

If the probability of rejection and strike is ”smaller” than a critical value, then

16



it is better for the firm to offer w; < w,. The firm has to consider the potential
gains from offering a low wage, that is, (w* —w,) versus the expected loss (b—w,)
if a strike is called with probability z;. For the firm, to offer low wages in the
short run will be profitable, if the value of z; is small. If the firm believes that z
is big, that is, the firm thinks that the union will reject the wage offer and strike
with high probability, then she will not offer a low wage because the potential
gain is smaller than the expected loss.

If wy > w, (where w* > w;), we can prove that y;(wg) = 0.

The event ”Rejection without strike” is dominated by ” Acceptance” if w; >
W,, thus the probability of rejecting without strike of the normal union is zero by
Lemma 2, that is, Prob(U, RNS) = 0. We also know that the probability of the
same event by the fighting union is zero by definition, then, Prob(U*, RNS) = 0.

Therefore y;(w;) = pe-Prob(U*, RNS) + (1 — pg)-Prob(U, RNS) =0

If yo(we) = 0, ze(wy) - (b —wy) > (b—w*), then (1 — z) - (b—wy) > (b—w*),

that is,

*

¢ >z with wy > w,.
b—wt

Now the interpretation for the firm is again the same as the previous one, that
is, if the net gain of offering wy > w, is greater than the expected loss of a strike,
the firm will offer w;. The value of z; plays a key role to establish the firm’s offer.’

If z; is higher than a critical value is better for the firm to offer w*.
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Summarizing, in the case of a sequence of short-run firms, there will be an
upper bound on the probability of striking above which it is not optimal to offer
wy < wW* .

However, this will not typically be true in the case of a long-run firm. This
one is concerned about her present and her future payoffs, so she may trade
off losses today against gains tomorrow. It might be profitable for the firm to
invest in collecting information in the beginning of the game, i.e., to ”discover”
the strength of the union with wage offers lower than w*, even if the probability
of strike is high. However, this probability can not be always arbitrarily high.
Even for a long run player, the following proposition shows that for screening
to be profitable there are limits in the probability of strike. In other words, the
screening activity is not independent of the probability of rejection and strike of
the union.

Set an integer M,

MZN:hl(b—w ) +1In(l — 687) — In(b — w,) o
ln6f

Define a number 7 such that,

_G-w) (-6
b—w,

n=1 +6% > 0.

Proposition 1. Assume p* > 0. Take a history hy in equilibrium in which all

wage offers w; have been accepted if and only if wy > w*. If there have been M
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wage offers wy < w* along such a history, at least one of them must have had a

probability of rejection and strike of at most 1.

The intuition behind this proposition is easy. We know that there is a lower
bound for the equilibrium payoff of the firm, that is, V{ = ZE;}) 5} (b —w*).
Therefore, if the firm offers w; < w* is because she can expect a payoff of at least
Kf . We also know that the upper bound for the equilibrium payoff of the firm is
Vf = Z;;}, 6? - (b — w,). Now suppose the firm ”invests” in screening the type
of union by making M wage offers smaller than w*, although the firm believes
that each of them will be rejected with a probability higher than n. We have
constructed 1 and M such that if the firm makes M wage offers smaller than w*,
each of them having a probability of strike more than 7, then her highest possible
expected payoff is smaller than Kf , a contradiction.

Proof. The proof is by contradiction. If p* > 0, there exists a history hy in
which the union has accepted wyy; iff wiyp; > w* (j = 1,..7 — t). Consider a
strategy of the firm which chooses wages lower than w* along h; in at least M
periods with positive probability and suppose that the probability of rejection
and strike for each of the first M of these offers is higher than n. We will show
that this cannot be true in equilibrium, because then the firm would get less than
the lower bound of her equilibrium payoff.

We call 71,79, ..., 7, the first M periods in which wage offers lower than w* are
offered with positive probability. Let V" (w,, RS) be the expected equilibrium

payoff from the beginning of the period 7 — 1 onwards for the rest of the game,
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given the history up to but not including period 7 and given that in period 7 the
wage w, was rejected and a strike took place. In period 77, when the first wage
wy < w* (but consider that all w, > w,) is offered, the expected payoff for the

rest of the game is given by:

T1—1 )
V’r];(w’rl < w')=(1—2n(wy)) [(b—wry) + 65 Z 5} (b —wo)] +
i=1
T2 ’
+ar (wry) - (04 D 8- (b—w")]
j=r1—1
T2—-1
+Z’T1(w’1’1) (11— ZTQ(sz)) ) 5;1ﬁ72 [(® _w'rz) + 6f ‘ z; 6} (b— wo)]
J:
+o +
M—l ’7’1“7‘1\,1—1 .
+ ] Grlwrg)) - > 8- (0—w")
7=1 j:T1—T(1\4—1)
M-1 ’T‘]\/[wl .
(2 (wrs)) - (1= 2rpg (i) - 677 - [(0 = wry,) + 87 Y 6%+ (0 —wo)]

+
=

=1

b

T

+ (z‘rj(w’l'j)) ’ [0+5;1~TM+1 Vi _1(’11)7—M,RS).

.
Il
—

In the case w, < w,, the expression is similar, but replacing w, by w,. (See

Lemma 2).

Note that for all 7, 7 = 0,1, ..., M.

T1—1 i Tj—1 ' b—w
o
(b—wrj) + b5 2215§c'(b—wo)§ 2}5;‘(b—wo)<T’_—6fa
J= j=

20



and that,

TM—2 b w
o

VTIZ; 1 wTIV!’ Z 6y b 'LUO — 5f .

If we suppose, that (1 — zrj(wr;)) <(1=n),7=0,1,..,M .

And as we know that a probability has to be smaller than one, z;; < 1, then,

Fro—w

Vrlj('wﬁ < w)<(1l-n)-

j=r1—1

+(1—n) 677 QZ_E”_E n
f 1—5f R
Ti—Tar—1 i
...... + > sp-uw+
J=r1—71(m—1)

b—w,

+(1 — 77) LETUTTM™ .

If we group together the first and the last term of this expression, it is easy

to check that 1 has been chosen such that,

b_w0+5T1—TM+1 b— wo

(1—m.TjE. 5, < < (b—w*).

We can also check that (1—1n)- 87~ T ((b—w,) /(1 —67)) < 63 (b —w*).

Thus, if we combine all the terms, we have:

T9 ,
Vi(wry < w)<@b-w)+ > & (b-w)+6 T (0—w) £
j=r1—-1
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T1—Tam—1 )
..... + >, S (b—w) 5™ (0 wT)
J=m1—7(pm—1)
TI—TM T1—1

= > &-(b-w)< Y & (b-wh).
j=0 Jj=0

But this is a contradiction, because the gains of the screening activity can
not be smaller than the lower bound for the equilibrium payoff of the firm, if we
are in equilibrium. Therefore, if there are M wage offers lower than w*, then at

least one of them has to have a probability of rejection and strike smaller than 7. &

Now, we are ready to answer the main question with which we started this
section. Whether along a history where all wage offers w; < w* have been rejected,
there is a limit on the number of times in which the firm will offer these lower
wages. The answer is affirmative. The firm will offer wages lower than w* at most
K times in equilibrium, where K is a finite number depending on 67, b, w*, w,, u*,
but independent of T. Thereafter, she will offer wy = w* until the game ends. The
intuition behind this result is the following: if the firm repeatedly offers wages
smaller than w*, she eventually expects that for some of these wages, a strike
will not be called with a high probability. However, only the normal union may
accept wy < w*. Hence, if wy < w* is rejected, the updated probability that it
is the fighting union increases. If the firm has expected w; to be rejected with
probability smaller than 1 > 0, then the updated probability that it is the fighting

union after w; has been rejected has to increase by a non negligible amount. But,
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this cannot be more than 1. Therefore, this can happen only in a finite number
of periods. In others words, if the union has rejected wage offers lower than w*
often enough, then the updated probability that she is the fighting type of union

becomes so high that the firm will not try to discriminate anymore.

Proposition 2. . Let §; € [0,1),8, € [0,1),b > w* > w, > 0,p* > 0, and
let [m] denote the integer part of m. Consider any equilibrium of GT' and any
history consistent with this equilibrium along which the union has accepted w if
and only if w > w*. Along such a history there cannot be more than K wage

offers w < w*, where:

In p*
. * kY .
K = K(b6f,b,wo,w*,p*) =M ln((w*—wo)+5f'(b—w*) +5}V1):| + 1) ,

b—w,
with

In(1 - &¢) +In(b — w*) — In(b — w,)
In 6

M:[N]+1:[ }+121.

Proof. The proof is by contradiction. If u* > 0, we know that there exists a
history h*, along which the union accepts w iff w > w*, in every equilibrium of
GT, Suppose there is an equilibrium in which the firm has offered wy < w* more

often than K times. As we know, uf = pf(h:) stands for the updated probability
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that it is the fighting union given history h;. By Lemma 1 we know that wages
higher or equal than w* will be accepted by both types of union, so the firm
can not change her probability assessment if w; > w* has been accepted. Wages
lower than w* will be rejected for sure by the fighting union. Firstly, we have to
prove that for a history h— the history h* truncated at period {— the updated
probability uf(h¢) is nondecreasing in ¢.

We want to show that pf_; > puf, where,

pi_y =Pr(U* | y—1) = Pr(U* | RS, hy).

Note that pf_; > pf is equivalent to:

Pr(U* | hy) - Pr(RS | U*)
Pr(U* | hy) - Pr(RS | U*) + (1 — Pr(U* | hy)) - Pr(RS | U)

> Pr(U*| ) = pif.

This inequality is equal to:

Pr(RS | U*)

Be(U" [ ) Pr(RS | U*) + (1 — Pr(U* | b)) - PHBS [ U) —

)

which is,

Pr(RS | U*) - (1 — Pr(U* | hy)) > (1 — Pr(U* | b)) - Pr(RS | 1),
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that is,

Pr(RS | U*) > Pr(RS | U),

which is satisfied since Pr(RS | U*) = 1. Therefore, we have shown that uf (/v;)
is not decreasing in t.

Now divide the K (or more) wage offers lower than w* into successive blocks
of M, and consider the first block of M of them. By Proposition 1 we know that
at least one of them (call it w,, ) must have a probability of rejection and strike of
at most 1. Therefore, the updated probability of being the fighting union, after

wy, has been rejected is:

pr 1 = Pr(Type of union is U* | wy is rejected and there is a strike in 1)

Pr(Type of union is U*and wy, is rejected and there is a strike in )

Pr(w,, is rejected and there is a strike in 79)

__’Lg‘l_ > ﬁ%l_ > “_*
Zry(wr) — m T M
Now take the second block of M wage offers lower than w*. Again at least one of

them (w,) has a probability of rejection and strike smaller than n . This gives:

*
phoy > B s Bost s B

i Ui Ui

Consider the nth block of M wage offers lower than w* and denote by w;, one
of the offers with a probability of rejection and strike lower than 7. By induction

the updated probability (uk, ;) after w,, has been rejected is bounded below
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by:

il
nn

*

'LL:-TL“ 1 Z

However, p1¥,,_y < 1. Therefore, there is an upper bound for n, namely,

Substituting for n gives,

n < ln,u*
= (=) 0—w) | sar)
In (1 Pl s )

Thus, an upper bound for the number of periods in which wage offers smaller

than w* are offered and rejected and a strike is called on the equilibrium path is

given by:

In p*

K(87,b,wo, w*, p*) =M - " - +1
Fr 0y Wo, n ((w —wob)iifo-(b—w ) + 5}\,[)
Note that K is increasing in M, so choosing M = [N] + 1 minimizes K. | |

Proposition 2 reflects the most interesting result of our paper. It establishes a
clear bound in the number of periods in which the firm tries to discriminate and
test the union and in which there are strikes. That is, the normal union strikes

in order to convince the firm that he is the ”fighting” union, while the firm tries
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to find out the degree of commitment of the normal union to behave as if he were
a fighting union.

It is important to understand that the firm, after this K periods of strike,
does not become convinced that the union is the fighting union, even if he strikes
in every period whenever w < w*. Rather, the firm becomes convinced that the
normal union will behave as if he were the fighting one.

The above formula on K, allows us to obtain some intuitive comparative statics
results on the dependence of K on the parameters &, w,, w*, u* and b.

- K is an increasing function of é¢, the discount factor of the firm.
If the firm is more patient, then future gains become more important and she
may offer wages lower than w* with a higher probability of rejection and strike
in order to invest in gathering information. This effect increases the number of
periods in which wages lower than w* can be offered and, if it is the case, rejected.

On the other hand, if §; — 0 it is easy to see that N — 0 and,

In p*
In (& =%e)

b—w,

K(0,b,wo, w*, u*) =

Note that this bound depends only on the initial beliefs about the union’s type,
and, as we can see in the denominator, on the critical probability of rejection and
strike obtained previously for a sequence of short-run firms.

- K is a decreasing function of p*, the prior beliefs of the firm that

she is facing a fighting union. The bigger 1, the less updating is needed to reach
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the point where p* would become higher than 1, and the smaller is K.

- K is an increasing function of w*, the target wage of the fighting
union. If w* is high, then the cost of screening (and suffering strikes) is low in
relative terms. The strikes provide to the firm a gain of zero, whereas if there is
no strike, paying a high wage, yields to the firm b —w* . On the other hand, the
potential gains of discovering the union type are bigger if w*is high, - (b — wo)
versus (b — w*) -, therefore K increases with w*. Notice that in the limit if
w* — b, then there is no bound in K. The intuition behind this result, is that the
firm would be almost indifferent between offering w = w* and not doing so and
suffering a strike.

The preceding discussion illustrates an apparent paradox. On one hand, the
normal union seems interested in imitating a ”very fighting” union characterized
by the highest possible w*. But, on the other hand, as w* gets higher, increases
the incentive of the firm to discriminate and resist the threat of strike. These
opposite effects would imply that the ”optimal” w*, from the union’s point of
view, would be bounded away from .

- K is a decreasing function of w,, the participation constraint or
the fall-back position of the union. The bigger w,, the lower upper bound
to the expected payoff of the firm. The potential gain of screening is lower, thus,
in order to pay the screening cost and suffering a strike, the firm needs a smaller
rejection and strike probability, what makes K lower.

- K is a decreasing function of b, the profitability or added value
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of the firm. The reason is that the lower bound for the equilibrium payoff of
the firm is increasing with b. Thus, if she risks offering wage proposals smaller
than w*, the possible loss is bigger and therefore the probability of rejection and
strike must be smaller, what makes K smaller. But, at the same time (b — w,)
increases, and the incentives to screen rise. This implies that K would be bigger.
Therefore we observe two opposite effects on K, but it can be shown that the first

one predominates, yielding an overall effect of reducing the value of K.

5. Wage Rigidity and Equilibrium Characterization.

This section deals with the case of a repeated bargaining game with a suffi-
ciently long horizon. Suppose the normal union decides to build up a reputation
of being "tough” imitating the fighting union. It follows from Proposition 2 that
there will be at most K (&, b, w,, w*, u*) wage offers lower than w*. If the union
rejects wy < w* and calls a strike often enough, the probability that he is the
fighting union increases until it becomes so big that the firm will no longer try to
wage discriminate. In this sense, the union may invest repeatedly in the reputa-
tion of being the fighting union. The costs of this investment are the lost wages
in the strike. The returns are the high wages w*, which he will get for sure after
K such rejections and strikes.

The worst that can happen to him is that these K wage offers lower than w*
are offered and have to be rejected and a strike called, and that this happens in

the first K periods of the game. In this case he would get 0 in the first K periods
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and w* thereafter.
Hence, a lower bound for the equilibrium payoff in the game G’ of the normal

union is given by:

K-1 ) T-1 i
vi=> 604> & -w
=0 j=K

1 §T-K-1
= wt. 5[( . U
u 1-46,

Notice that the union would obtain an equilibrium payoff in the complete
information case of:

1671

T-1
VU226$-wo:wo-
= 1—6,

Observe that if the lower bound for the equilibrium payoff of the normal union,
in the incomplete information model, is strictly greater than the equilibrium
payoff that the union would obtain in the complete information model, then the
union would be very interested in imitating the fighting union.

Thus, Proposition 2 tells us that in principle the normal union can build up
this reputation. The question that arises is whether there are equilibria with the
normal type of union investing in his reputation in the beginning of the game
in order to get better wage offers thereafter. The answer is negative, for the
paradoxical reason that the incentives to do so are too big. The normal union
would want to build up this reputation as long as the end of the game is not too

close. Hence, he would reject wage offers lower than w*, but anticipating this, the
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firm will offer w = w* in all periods before the end of the game. Therefore, the
type of the union will not be tested in the beginning of the game, the probability
that he is the fighting union will remain at *, and there is no reputation building

in all, but perhaps, some of the last finite number of periods.

Proposition 8. . Let 67 € [0,1),84 € (E?l_g,_:‘,]_],b > w* > w, > 0 and pu* > 0.

Define L = L(6,) as the smallest integer such that Zle 5 >

w*—we )
IfT > K(6¢,b,we, w*, u*) - L(8y), then along the equilibrium path of every

equilibrium of GT a wage w* is offered in at least the T' — K - L first periods.

Proof. Take any equilibrium and set a history h* in which the union has
accepted w iff w > w*. From Proposition 2 it is known that after at most K
rejections of wage offers lower than w* the firm will offer a wage of w* from then
on. Suppose there have been K — 1 such rejections up to period 71 and that there
are more than L periods left (11 > L ). If wy, < w* is offered and rejected with

a strike, the payoff of the union from period 71 onwards is:

T1—1
VT({(le,RS) =0+ Z &), - w*.
=1

If the union accepts wy,, the payoff he can expect is given by:

T1—1

.....U .

V. (wry, A) = wry + E 87w,
i=1
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»Rejection and strike” is better than ” Acceptance” if:

T1—1 T1—1
Zéi-w* > w71+25ﬂ-w0,
=1 =1

T1—1

so, wr, < (w*—w,) E 5”

71—1
; w
Then, we must show that, Z 8, > a
w* —w
j=1 o
711 ) L w
but we know that Z 8 > 2 &, > ——,
i=1 j=1 W T
1—1 ] w
thus, as wy, < w*,then, Y &, > LE S
st w* — w,

Therefore, the normal union rejects any wy, < w* . Of course, the fighting union
always rejects wy < w*
Nevertheless, suppose the firm would offer w;, < w* in equilibrium. Then,

her payoff from 77 onwards is given by:

T1—1

VI (wr) =0+ 84 (b—w").

A wage offer @, > w* would have been accepted with probability 1 yielding
a payoff:

VA (@r) = (b— @) + 6 - V1 (B, A).

But we know that the equilibrium continuation payoff V1 1(Wr,, A) has a
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lower bound. Namely,

T2 711

711—25] (b —w?*), but, as bf - 111—Z5J w*)

Hence, VI (@7,) > V.5 (wr,). Therefore, the firm will not offer w,, < w*

We can go on by backward induction: suppose there have been K — 2 rejec-
tions of wage offers lower than w* up to period 7. The union knows that if he
rejects an offer w; < w*, then there will be already K — 1 rejections, and the firm
would not have incentives to screen until there are at least L periods left. Thus,
if 79 > 2 L, the union knows that by rejecting he will obtain a wage w* at least
in the next L periods. But the firm, anticipating that both types of union will
reject these offers w; < w* , will offer a wage w* already in this period. The proof
goes on by induction until there have been K — K = 0 rejections of wage offers

lower than w*. B

Suppose that before the beginning of period T the union could publicly com-
mit never to accept an offer smaller than w*, otherwise he would always strike.
In this commitment version of G the unique equilibrium, which will be called
the ”commitment equilibrium”, prescribes that the firm always offers w; = w*,
which the union will always accept. Therefore, in this model we obtain, as a
result, wage rigidity without strikes. The following corollary states, in our model,

a similar result.

33



Corollary 1. Let &7,64, w* wo,b and p* satisfy 6 € [0,1) ,6, € [2_1%%,1] ,0<
w, < w* < b, p* > 0. Consider a sequence of games GT. If T goes to infinity the
equilibrium paths of all equilibria of GI' converge to the commitment equilibrium
path. That is, there are finite numbers K = K(8¢,b, w,, w*, u*) and L = L(8y)
independent of T such that for all T and t > T — K - L, the firm offers w; = w*.
If T goes to infinity the equilibrium payoffs of the firm and the union converge

to:

Notice that this result holds even if the firm is much more patient than the

1

ur .
2- g

union, as long as §; < 1 and &, > Intuitively one might have expected
that a patient uninformed firm who deals with a relatively impatient informed
union will try to screen the different type of union with wage offers lower than
w* in early periods in order to get more of the surplus thereafter. The previous

corollary states that this is not the case. The reason is that as long as 6, > 2_1&

the normal type of union has a strong incentive to build up the reputation of
being the fighting union. Therefore, every type of union will reject wy < w* in
all but the last finite number of periods. But then there is no way to screen the
different types and the firm does better by offering w*, even if she is very patient.

In summary, the union can get the highest wage in almost all periods except
for the end of the game. Thus, in our model, we obtain wage rigidity without

strikes for most of the periods. In this sense, it is more accurate not to talk about
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"reputation building” by means of striking, but to say that the union can use
the incomplete information to credibly threaten to behave as if he were a fighting

union and getting a high wage.

6. Conclusions.

We have presented in this paper an alternative explanation for strikes to those
already existing in the previous literature (basically, strikes as a signalling and/or
screening device in a single negotiation when there is some private information).
We model wage bargaining as a repeated bargaining game which seems to be
closer to observed real-life negotiations. In this context, strikes might be a ra-
tional activity for a union if he wishes to build up a reputation of being credibly
commited to never accept low wages.

We have shown in this paper how these reputation effects work in wage ne-
gotiations between firms and unions, in order to get an equilibrium payoff more
favorable to the union. Our model is a finitely repeated bargaining game, where
the strike decision is endogenous and there is incomplete information on the
union’s type that is facing the firm. As a first result, we characterize both the
equilibrium path and the equilibrium payoffs of all SE.

An important feature of this approach is that we are able to obtain a finite
bound in the number of periods in which the firm tries to diseriminate the union’s
type and in which there are strikes. This bound is independent of the horizon of

the repeated bargaining game. This result allows us to provide some comparative
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statics results. Namely, this finite bound is an increasing function of the patience
of the firm and the target wage of the fighting union. And, a decreasing function
of the prior beliefs about the union’s strenght, the fall-back position of the union
and the profitability of the firm. It is also shown that for a sufficiently long
horizon, the union can use the incomplete information to credibly threaten with
strikes and get a high wage for most of the periods. Therefore, in this case, we
obtain wage rigidity.

In this paper we have considered only two types of union. Obviously it seems
more realistic to think of many different possible commitment types to which the
firm assigns positive probability. It can be checked that this will not affect the
qualitative results (whenever we restrict the analysis to the set of SE satisfying
the Weak Markov Property, see Schmidt (1993)). We have worked only with
two types for simplicity. A much more interesting and future development of
our model would be to extend the analysis allowing for two-sided incomplete
information, that is, both the union and the firm have uncertainty about the

type of player that they are facing.
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