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model of firm-level bargaining where strategic interactions among firms are
explicitly recognized. Our main aim is to investigate how equilibrium wages and
employment react to changes in the labour and product markeis, the business
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crucially on the strategic nature of the game, which in turn s determined by the
refative bargaining power of unions and managers.
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NON-TECHNICAL SUMMARY

Most models of union-firm bargaiming imply that product market conditions
should influence labour market outcomes. These studies assume that product
market imperfections lead to economic rents over which unions and firms
bargain. Typically, however, they do not include expiicit models of firms’
oligopolistic behawviour. They assume away the exisling strategic interactions
among competing firms in the product market and, consequently, the strategic
interactions among the unions associated to different firms. Since, in reality, the
bargaining outcomes at competing firms are generally interrelated, it is
interesting to examine how standard predictions of the etfects of different product
and labour market conditions on wages change when ihe strategic nature of the
game is fully modelied.

The intention here is to analyse the simultaneocus determination of the oligopoly
problem and the union-employer bargaining problem. In particular, we develop
a version of the nght-to-manage model where strategic interactions among
competing firms in an oligopofistic industry are explicitly recogrised. The
nght-to-manage mode! of wage determination assumes that umions and
employers bargain about wages while employment s decided by firms’
managers unilaterally. Since layotfs are generally left to managernal discretion,
the wage bargain takes the nsk of laycH into account.

We show in the context of our model, that managers at competing firms have
conflicting interesis concerning wages: Each employer wants ils rival to raise
wages in order to undercut fum; that is, an increase in the wage of a rival firm
raises the desirability of a wage cut in his own firm. This s so, since as the rival
firm increases its wage, it becomes easier to steal market share and, additionally,
by reducing the own wage, the extra share becomes more valuable as price-cost
margins increase. Hence, using the standard game theoretic terminclogy, we
find that wages are strategic substitutes for employers.

On the conirary, urions’ interests are not m conllict: When the wage of workers
in rival firms rises, the union can press {urther for wage increases in ifs own firm.
The reason is that a ugher wage in a nival firm improves the competitive standing
of its own firm, decreasing the probabilily of layoffs jfor a given wage increase.
Hence, unions are more likely to press for wage increases at the bargaining table
when their fellows at competing firms enjoy higher wages. in this sense, we can
characterize wages as being strategic complements for unions.

Given the different strategic nature of wages for umons and employers, the
overall nature of eqguilibium wages in the bargairing processes depends
naturally on which party has higher relative bargamming power. This has imporiant



consequences for the effects of labour and product market conditions on
equilibrium wages and employment levels.

Consider for instance the effect on wages of an increase in unemployment
benefits. According to the standard theory of wage bargaining, equilibrium wages
wiil increase as more generous benefits reduce the ceost of becoming
unemployed, This is just the direct effect. There is an additional strategic effect,
however, stemming from the reaction of a firm's employer and union to changes
in wages prevailing at rival firms. l umons are sufficiently strong, strategic
complementarity implies that the strategic effect will add further pressure towards
higher wages. If the employers are the strong parly at the bargaining table,
strategic substitutability will prevail and so it will tend to reduce wages. Hence,
when firms’ opinions prevail it could be the case that the strategic effect offsets
the direct effect, implying that, contrary to conventional wisdom, an increase in
unemployment benefits could lead to a reduction in wages.

Thus a first result of the paper is that the predictions of models which miss
strategic interactions could be overturned when the latter are properly
considerad. For example, increased productivity in one firm may lead to lower,
not higher, wages in that firm, stc.

Second, an inferesting feature of the mode! is that # leads to multiplicity of
equilibna, In particular, when unions are sufficiently powerful and the overall
game is one of strategic complements, there i1s a high-wage and a low-wage
equitibrium, raising the possibility of coordination problems and opening the doar
to government intervention i order to implement the most efficient equilibrium.
This also implies that, according to the predictions of the model, there could be
congiderable vaniation across economies in equilibnum wages and employment
without a large vanation i the underlying determinants of wages, reflecting the
fact that different economies can settie at different equilibria.

Finally, extensions of the model provide new results on several issues. For
example, unions' bargaining power needs to reach a certain threshold to ensure
that an increase in product market competition leads te lower wages. Indeed, an
increase In product market competition makes managers less eager to undercut
rivals’ wages since the probability of layoff rises, Thus, only if unions are powerful
and their viewpaint 15 domnant, will wages fall as competition rises. A strong
prediction of the model is that only in industries with powerfut unions will wages
and concentration ratios be positively corretated.



1 Introduction

The fact thal union power matters for the determination of wages and employ-
ment 15 by now well established, both theoretically and empirically.! In addition,
there seems 1o be solid support for the presence of market power in product
markets.® But the precise interaction between cligopoly in the product market
and irade umon effects 1 the labor market requires further analysis. Basically,
standard models of wage bargaining in mdustries with markei power have as-
summed away any stralegic interaction ameng competing firms 1n the product
market, and thus any strategic inleraction among the uniens associated to dif-
ferent firms.® However. we believe that the bargaimng culcomes at compeiing
firms are generally interrelated. and that this challenges many conclusions of the
existiag literature,

In this paper we account for these strategic effects by developing a fully game-
theoretic model of wage bargaiming 1n oligopoly.? In particular, this 1s a model
of firm-level bargaining 1n a duopolistic industry, where competing firms are all
umenized. Unions and managers bargain over wages while employment 1s decided
by firms’ managers unilaterally. That 1s. we develop a version of the right-to-
maenage model of frm-ievel bargaiming where strategic interacuions amaong com-
peung firms are explic:itly recognized

We show that unions are more likely to press for wage increases at the bargain-
ing table when their fetlows 2t competing firms enjoy higher wages. The reason is
that each union recognizes that higher wages at rival firms lead to a more favor-
able competitive standing m the product market for its own firm and, therefore,
a tower risk of layoffs for a given wage increase. More generally we analyze how

'See Krueger and Summers (1988). Lavard. ef al. (1991}, Nickelt (1890). Silvestre (1993)
and teferences therein.

2Gee Bils {1987), Hall (1988). and Bresnahan (1989}, among others.

3These models assume monopolistic competition in the product market. Each firm acts as
a "local monopolist™ with respect to its demand curve, distegarding the wage and employment
policies of its rivals and the impact of the latter on its own expected payoffs. (See Manming.
\GRYT, Layard ef al., 1681, and Nickell ¢f ol.. 1992.)

“Dowrick (1988) examines umon-oligopoly bargasming 10 o model where both callusive be-
haviour by firms m the product market and umon coordination are captuted by standard
congectural variations. Qur paper departs drastically from this, as it assumes non-cooperative
hehaviour 1 both parties. This highlights the mmportance of strategic complementarity or susti-
uiability for actual bargaiming outcomes. As shown below, we also enrich the umon’s utility
function so that membership Joes not necessarily exceed empioyment.

3There 15 extensive evidence suggesting that indeed unmions rarely bargain over employment
and supporting the assumptions embedded i the nght-to-manage model. See, for mstance.
Oswald and Turnbull (1983}, Oswald (1987), Lavard and Nickell (1590), and Lavard ef ol
1990, ch. 2).



upions’ and managers bargaiming positions change wish their relative bargaining
powers, labor and product markets’ fzatures, and firms’ characteristics.

OQur main aim 1s io mvestigate how equilibrium wages and employment re-
act to changes 1n vanous dimenstons of the labor market {such as changes in
quit rates, insiders’ power. and bargaining procedures), the product market (e.g.,
firms’ productivity, R&D effort. advertising expenditures, degree of product dif-
ferentiation, and market concentration), the business cycle, and economic policy
{e.g., unemployment rate. unempioyment benefits, taxes, export subsidies, and
import tariffs). We show that the resuits of our comparative statics analysis
crucially depend on the strategic nature of the game; that is, on whether wages
are strategic substitutes or complements,® which in turn, is determined by the
refative power of unions and managers at the bargaining table. These strate-
gie features have been ignored by the existing literature, whose resuits can be
remnterpreted as a particular case of our analysis.

An interesting feature of our model 15 that it naturally leads to multiplic-
ity of equilibria. When umons are sufficiently mare powerful than managers at
the bargaining table, these equilibna can be unambiguously ranked according
to the level of their corresponding equilibrium wages. More precisely, there1s a
high-wage equilibriurm and a low-wage equilibrium. This raises the possibility of
coordination problems. and epens the door to government intervention 1n order
to implement a particular equilibrium (presumably, the most efficient fow-wage
equilibrium).

The rest of the paper is orgamzed as follows, Section 2 deseribes our duopoly
modet and sclves for equilibrium wages and employment. Section 3 presents
comparative statics results and develops intumtions for them. In section 4 we
extend the mode} of the previous sections to: i) study the relationship between
markel power and wages and the role of competition policy to mederate wage
inflation (section 4.1): ii} compare the outcomes of wage bargaming at the firm
and industry levels (section 4.2); iii} determune the cyclical behavior of wages
{section 4.3); and finally, 1) consider the 1mplications on wage barganing of
aiternative fiscal and stratemie trade policies (sections 4.4 and 4.3. respectively).
Section 5 draws some concluding remarks. Lastly, we extend our previous results
to more general setiings in an appendix.

#In the termsnoiogy of Bulow. Geanakoplos and Kiemperer (19851



2 The model

2.1 'The basic set-up

This ts a model of firm-level bargaining in a duopoiistic 1ndustry where competing
&irms are all untonized and demand is ez ante uncertain. We assume {or sumplicity
that there 15 a singie umon and a single manager per firm, Managers and unions
are all risk-neutral, maximuzing their own expected payoffs. At each firm. wages
are bargained over er anie taking as given the competitor's wage and therr impact
aon the product market equilibrium outcomes. Employment levels, mstead, are
decided ex post by firms’ managers onfy, They set empioyment (or, equivalently,
production) ssmultaneousty and non-cooperatively to compete {or the demand for
a good which may be differentated according to brand name and/or quality.”

eThe product market: There 1s a conusnuum of consumers. each with an
inelastic demand for one umi of the good. The Q-tk consumer has a valuation
for a utt of firm /s product. ; = 1,2, equal to f(Q.0) + vy, where § 15 a
demand shock distributed according to a uniform distribution on the mterval
lﬂ,@‘. v, > 0 measures the consumers willingness to pay for brand 4 {which we
take to be positively refated to firm j's R&D effort. and advertising and marketing
expenditures), and [{- -} 1s assumed to be linear and equal 1o 4 - . Both the
uniform distribution and the linear demand function are chosen for iflustrative
purposes®

Firms use only labor 10 produce. according to the preduction {unction g; =
a,N;, where g; denotes firm j's output, N us labor force. and a; its productivity.
From the previous assumptions. firm j’s er-post profits are given by

Tl {01 {8 = (OO~ Q +uj) = w, N,

=q (0 -Q—&), ;=12 (1

where w; are firm j's wages, @, = (wj/e;} — v, and @ = g + q2. Er-ante
expected profits 11, are then equal ta Fy (7, (g; (8} | 7)) (where Ej; denotes the
expeclations operator with respect to #). We assume that the firm j's manager
payoff function comncides with firm s profits {so that mn this model there s no
separation between ownership and control}.

oUnion objectives: We assume that lavoffs take place by random as-
signment and that each firm’s nmon maximizes the expected income of every

THoth this sequence of play and the implicit assuraption that ihe partses bargain without
knowing the bargaimng ostcome at the rival firm seem Lo be empiricaliy supported {see Svepnar,
1986).

3 Appendix | provides a geseralization of our main results to more general demand and
distribution {unctions.



member® The objective function of the union associated with the j-th firm 1s
then given by
Uj = spw; + (1 - 5;)u®, j =[,2 {2}

where 5; 15 the probability of staying employed at the same firm in the follow-
ing period {the survtvel probability), and w® is the expected income of a worker
who loses his job. More precisely, w® = ob+(1 — o} w*, where 15 the probability
of being unemployed, b > § are the unemployment benefits, and w* is the com-
petitive wage.'” ! We shall denote by M; the number of employees who remain
at firm 7 from the previous peniod after voluntary quits have taken place. Taking
4; to be the quit rate, M; = (1 — &§)N;_, where N;~y s the previous-period
employment at firm 7. We assume that umon j's membership equais those M,

employees or msiders. Thus the survival probability 8; 1s gven by
s; = PeiN; > MY+ Pr{N; € MHEN, [V, < MM, =12 {3}

—_ R )

eWage bargamming: The manager and the union associated with firm
choose a wage w to solve the lollowing program:

max,, Q,' = Hf -3-1'3,‘[}’,'
subject to {1} 11, 2 0 {4}
and (1) w; > w®

where J; denotes firm j's umon bargaining power.'® Restrictions (i) and (ii)
above ensure that bolh managers and workers are wiiling to preserve firm 7 as
a gomg concern: a manager would ciose down his firm rather than face negative
expected profits. and no worker would accept a job offer paying iess than w®. by
definition.

A perfect Bayestan eguilibrium {PBE) for our {two-stage Bavesiarn) game is,
therefore. an array {{w}.w3); (gf(8), q3(#))] such that

(i) for gven & and (wi.w:). {{g7(8).43(9)}} is a Nash equilibrium for the
product market subgame and.

*Suppose that Lthe umon s bargaming objectives are decided by voung using a simple major-
ity rule. Then, the umon's objective function 15 given by the preferences of its median member.
But given that workers are all risk neutral and that layoffs are assigned randomly, the prefer-
ences of the latter coincide witls the preferences of anv ather union member (see Lavard ef al,
1995, ch. 2}

®Firm s laid-off workess join the pool of unemployed which 15 assumed 1o be large enough
so that the probability of betng empioved by firm - : # J, i the current penod 1s negligible.
Hence, search considerations are ignored for stmplicity.

"Unemployment may exist 1z this economy due ta, for instance, maiching frictions.

Alieraatively, we might have assumed 2 to be enual to {}; {({7;)" (the Nash maximand),
as it s standard s the related literature. However, there are no sound theoretical reasons to
prefer one formulation to the other 1n this context and our assumption on §3; makes the algebra
less cumbersome.

(3]



(i) for all ;. w} € arg max{Q,(g;{0),93(0)) | TI; = 0 and w; 2 w*}.¥
In order to ensure perfection we now proceed to selve the model by backward
induction.

2.2 Product market competition

Given firms’ wages and for given 6. managers set. production (employment) levels
to maximize ez-post profits, re. gj{-) € argmaxwi{g{f) | &) for all ;. For
simplicity, we restrict ourselves to parameter configurations where, in equilibrium
and for ali demand states 4, both firms are active in the product market.
From the previous assumptions, 1 15 & standard result that for those param-
eter configurations, there 1s a unique Nash equilibrium for the product market
subgame where
q740) = (0 - 2; + @;)/3
Ni(0) = q;(8)/a; (3}
7i{(g;(0) | 6) = (g;(8))*

for all § € [4,]. Notice that firm j's output, employment and profits are
increasing 1 & (the siate of demand}. w; {the competitor’s wage), ¢; (firm j's
productivity), and v; (consumers willingness to pay for firm j’s product); and
decreasing 1z a; (competitor’s productivity}. and v; {consumers  willingness to
pay for the competitor's product). In addition, #;(¢}{0) | 8} is decreasing and
convex 1 w, (for all 0 and j), and so 15 I, = Eqf(g7(0))%]. Hence, were wages
decided by managers in isolation. they would be equal to w®, the alternative
income.'® Furthermore. using (3) it 15 easy to check that

2
i LI <0 foralisy (6)
Sun

So that from the managers pomnt of view wages ate strategie substitules: that
1s. an :nerease in the rival's wage rasses the marminal desirability of a wage cut
for the firm's manager. The reason is that as the rival increases his wage it
becomes easier lo steal his business. which in addition becomes more valuable as
the price-cost margim also increases.

¥That s, it 15 common knowledge that negotintions at the firm level satisfy equation {4},
for all competing firms.

H¥e therefore ignore the strategic use of wage settlements in order to foreciose nvals in the
product marsket (in this respect, see Kihn. 1884). From equation (3] below, it should be clear
that 14 1s enough to require g (£) > 0. since g () 1s strictly inereasing n . Numenicai examples
show that perfect Bavesian equilibnia satifving this additional constramnt do exist.

T¥This result holds in the absence of efficiency wage considerations, which could be intreduced
by making producnivity, a;. to depend on equilibnum wages.



2.3 Equilibrium wages

We concluded the previous subsection by studying the managers' incentives to
set wages. Now, prior io any formal discussion of the bargaming equilibrium
outcome. we shall overview the corresponding unions’ incentives.

First, notice that the survival probability s; given in eguation {3) can aiso be
written as

;= =07)/A +_[:’:(;\",-‘(9)/;‘ef,~:;l)d6 (7)

where A = (§ — 8) and 97 1s such that N7(87) = M;.® That s, for all
§ 2 &, firm s insiders are fully empioyed. Otherwise, some of them get laid
off. Substituting N7(8) from {5) into (7). we can show that s, is unambigousiy
decreasing 1n w;. That 15. the probability of being laid off increases with higher
wages because a higher wage places the firm at a worse competitive positition
the product market. leading to market share loses and employment cuts.

Taking equations (2). {3) and (7) iogether we have that {’; 1s concave 1n 1is
awn argument, w;, and may increase or decrease 1n w; depending on the relevant
parameter range. Furthermore, wages are stralegie complements from the point
of view of umons. In fact.

FU,  0s, s,
—_le = — L o QS ) T > {
dwidw:  duy ol - w )Bwfaw; 20 8)

The mtuition 15 as follows: as w; increases. firm j's competitive standing 1n
the product market is improved. raising both its production and employment,
which 1n turn increases s, {i.e. ds;/0w; = 1), Moreover, the negative impact
of a wage 1ncrease on the survival probability is also tempered as w, mses (that
i, s;/8w;0w; = 0). To summarize, when 1w, rses, the union associated to
firm ; can press lurther for an mcrease m w; without fearng lavoffs so much.
Therefore. workers observed behavior of claiming wage 1ncreases to match therr
fellow workers' wages in competing firms 15 here shown to be a fuily rational
decision. We do not need to refer to any psychological ar sociological argument
{as 1t has been standard in the bargaming literature -see, for 1nstance, Martin,
1992-).

Note that standard models of monopolistic competition a fa Dixit-Stiglitz
and wage bargaming fail to capture the strategic effects described above. Indeed,
assurming monopolistic competition 1 our modef of section 2.1, we have that
FU; [ i = 311/ dwfw: = 0, for all + # ;, ¢, ;= 1,9, This has important
smplications for the understanding of the determinants of equikibrum wages and
unemployment (see sections 3 and 4).

Managers' and umons’ wage-setting incentives are thus 1z clear contradiction,
Managers try to cut wages by as much as possible 1n order to improve the &rms’

%97 1s maiquely determmed since for all |, ¥;{#) s stnictly ncreasiag for all § and M,
constant.

—-F



operating margins and to win markel share over their competitors. Unions, on
the other hand, putsue io raise the earmings of ther constituencies saking snte
aceount, however, the effect of their wage claims on employment. Moreover, the
strategic mature of a wage-setting game between managers also differs from the
strategic nature of the same game if played between unions. Wages are strategic
substitutes for the former game while they are strategic complements for the
latter.!”

This confrontation between unions and managers at the firm level is resolved
through the bargaining process, so that equilibrium wages solve the following
first-order conditions,

80Y,/8w, = Ol fdw,; + 3,0, {0w; =0, ;= L.2. (@

From equation ($) and since 91l,/dw; < 0 for ali w;, we have that, m
equilibrium. HU;/Bw; must be positive. which means that equilibrium wages are
always too low from the point of view of umons and too high form the perspective
of managers. A direct implication of this is that, ceterss paribus, umon activity
{represented by 3; # 0 {or all j) lowers firms profitability in accordance with the
existing evidence.’®

Note that we can only ensure thal the pawr {w],w3) solving the first-order
conditions in {9} constiiutes a proper (interor) equilibrium if d; 15 not too fow for
all ;. This is because. albesi [/; is concave in w;, I1; is convex. Therefore, to ensure
the concavity of the objective function §1; at the proposed equilibrium values, we
requite 8; 2 B, (wi,wh) = —| OF1L,/ 8uwl)/|0°U;/8w?] = 0 for all ; (where the
second-order derivatives of I, and {7, are evaiuated at {w],ws)). Provided that
this latter condition s satisfied and given the assumptions In section 2.1, there
are parameter configurations for which a (subgame) perfect Bayesian equilibrium
for our game {{w}, ws}; {g7(0), g3{#))] exists and is characterized by equations (8)
and (7).1°

Soiving out the system of equations in (9), we have that 38, /8u; = 013
quadratic for all ;. This implies that unsqueness of equilibrium is not puaranteed.
Indeed. there are parameter ranges for which there are multiple equilibnia (a
maximura of two). Figure 2 below illustrates a numerical example where there
are two equilibria for the overall bargaming game.*

Notice zlso that the sign of 8%,/ 8w;dw; and thus the {local) strategic nature
of the bargaming game as a whale, also depends upon the exact magaitude of

1]t can be easily shown that the strategic conflict between umons and managers at the
firm level, namety that managers regard wages as strategic substitutes and unions as strategic
complements, does not depend on whether managers seé quantities ar prices ex post.

18%pe Clark {1984}, Ruback and Zimmerman (1984}, Salinger (1884}, Hose (1987), and Abawd
(1989).

91f 3; 15 low enough for all ;. then a corner equilibrium obtains where firms wages equal w®
for ail 5.

HNumencsl examples with multiple equilibnia can be obtained from the authors upon request.
See Appendix 2 for how to soive the model namencally.

]



B U B 2 81 {wl,wi) = —[ 1,/ 0w;dwif{0%;/ w;dw,] {where the cross-
derivatives of IT; and U; are both evaiuated at (w], w3)}, then 5%/ 6w,;dw; > 0,
and vice versa. That 1s, provided union bargaining power is sufficiently 1mpor-
tant, the bargaining game shows strategic complementarities among 1ts decision
variables. Otherwise, 1t is characterized by stralegic substitutability. It can be
easily shown that 87 (wj, w}) > E(w{, ws) for all j and irrespectively of (w], w3},
so that both the strategic substitutes and the strategic complements cases are
relevant for our comparative statics anaiysis.”! So. Figure 1, where the reaction
functions are drawn, depicts a unique equilibrium at E showing local strategic
substitutability. Figure 2. instead, shows an example of multiple equilibnia, E,
and Ej, with overall strategic complementarity.

[Insert Fig.1i

2.4 Coordination failures

For those parameter configurations under which the game shows global strate-
gic complementanty and there are multiple equilibria, one of the two equilibna
will have lower wages (i.e., wages closer 0 the competitive wage) than the other.
Therefore. 1t 15 possible to establish alternative rankings between the two equilib-
na according to the different objective functions of the plavers. Thus, managers
would atways prefer to coordinate on the low-wage equilibrium while unions may
prefer the opposite see the example in Figure 2).

{Insert Fig. 2}

On pure efficiency grounds the low-wage equilibrium 15 stoctly superior to
the high-wage equilibrium as it mvoives wages coser to the competitive wage.
However. players may erther fail to coordinate their actions on the low-wage
equilibrium, or else. attempt voluntarily te coordinate on the high-wage equilib-
riurmn. The problem for a benevolent government 1s then how to 1nduce players
to coordinate on the jow-wage equilibrium. This topic, however, 15 bevond the
scope of the current paper but deserves further research.®

*!Indeed, we have constructed numencal exampies showing exsstence of equilibria for both
kinds of scenanios. available upon request.

**The government may not be mterestad in efficiency only, but mav have other mterests. For
example, 1t may care for its chances of re-election. In that case, if the median voter shares the
same preferences as the unions, the government will try 1o 1nduce coordination on the meficent
(high-wage) equilibrium,



3 Comparative statics

The goal of this section 1s to disentangle how equilibrium wages and employment
react to changes in thewr basic determinants. However, given that we may face
multiple equilibria for certain parameter configurations, our comparative statics
analvsis 15 only valid locally. The parameters of inierest for this analysis are: w®
{the expected income of a worker who loses his job), #; and a2 (the bargaming
power of the unions associated to firms | and 2, respectively), A and M (firm
1's and firm 2's number of imsiders), a, and a, {(firms’ labor productivity), and
finally, », and vy (the indices of brand and quality differentiation).

Let & = (w®, 3y, fz2, M1, Mo, a1, €2, v1, v7) be the vector of parameters of inter-
est, and a,. denote any of its elements. Then, 1 15 a standard comparative statics
result that.

dwifbay \ _ [ FMfdwi  FQ/dwdws 7' [ F0/0undon
dulfBoy |~ T\ 0 [0wndws P/ 0ud 8/ Fundos
(10

where all cross-derivatives in (10) are evaluated at equilibrium values. From
{10} we have that for all « £ ; and ali £.

{Gwi/dar) =m/n (11)
where
71 =(88Y;/ B, dw, Y80 f Doy |~ {8 { G ) (75, / Dws B ),
strateqic ef fect direct cf fect
and

e = (/D P D)) ~ (D30, } B, B )2/ Gundw;).

Given our previous assumptions. the denominator of {18, 72, 1s always pos-
siive so that our equilibrium 15 stable. Therefore, the sign of {Fw]/day) equals
the sign of 51, the numerator of (10}, A change n the k-th parameter of interest,
ag. has two kinds of effects on equilibrium wages: direct cffects, captured by the
second term 1n 7y, and strafegic effects. represented by the first term m n. The
direct effects iead to shifts of the Arms’ reaction {unctions, while the strategic
eflects fead to movements aleng the reaction functions. Notice again that tra-
ditional monopolistrc competition modeis ormt these latter strategic effects by
implicitly assumming that 0, /dudw; = 0 for all ¢ £ 1.

From (10) and (11} 11 1s clear that to derive our comparative statics exercises
we need o o into the signs of the cross-dervatives 8°(); / Gw;doy and, therelore,
1nto the signs of FU; [ Sw,doy, and 8°11;/8wday, for all 4, k. The latter expres-
sions represent the echange in the bargaming attitudes of umons and managers.
respectively. when oy rises, Table | summarizes these signs.
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finsert Table 1]

Most resulis in Table { are sell-explanatery. For instance, an increase 1n w*
(due to either an increase 1n the unemplovment benefit, b, in the competitive
wage, w°, or else to a fall in the probability of unemployment, ¢) raises the
union’s marginal utility from a wage increase (i.e., 3*U;/Gw;0w* > 0), as laid-off
workers benefit from an increase in their expected income (decreasing the cost of
becormnsng unemployed at the margin). Consequently, raising w® leads to & higher
firm |'s wage, wy, for a given vaive of w;, 1 3 7. This is also the case when we
let the number of firm j’s insiders, M;, shrink (because of an 1ncrease 1n the quit
rate, &;, or a fall in previous period employment, N;.;). A fall in M; raises the
survival prabability, s;, for any firm j's employee and for given wages and, more
importantly, makes s; less sensitive 1o an increase in w;. Therefore, the union 15
more likely to press further in order to raise the wage bill of its own firm since
layoffs become fess of a threat for 1ts membership.

Other results are. perhaps. less intuitive. For mstance. an increase in firm §'s
productivity, a;, has ambiguous effects. First, it affects the managers’ incentives
at the margin, but 1n an ambiguous fashion. On the one hand, custing wages
becomes more attractive in this case since it is easier to steal the nival’s market
share. However. as the firm gets more productive, wage increases become rel-
atively less costly. Second. it also changes the union's marginal utility from a
wage mcrease. This latter effect does not have a clear sign esther. The reason 15
that an mcrease 15 g; affects firm |’s empioyment. and the survival probability,
in two opposite ways. For a given level of output ¢; an increase 1o a; makes some
workers redundant (thus reducing s;) but, on the other hand, the higher a; the
more competitive 1s firm j in the product market, which raises q;, &¥; and 5;. The
first of these two effects on o; reduces the unior’s marginal utility from a wage
mcrease, while the second effect tends to raise it.

If we analyze the effect on firm i's bargamming agents of an increase 12 firm
i's productivity, the ambiguity stiil persists. Concerning the attitudes of firm i's
manager. a nse i g; makes him more accommodating at the bargaimng table
since a greater wage reduction would be necessary to steal market share from
fiem i {i.e., 8°M;/Bw;Ba; > 0). However, the umon associated Lo firm | restratns
its wage claims at the same time, as 5; becormnes more sensitive io wage increases
(i.e., GZU‘,-/Bw,-Ba,- S 0)

As i the previous case, an increase m firm i's brand quality, v;, makes firm j's
matager less willing to undercut rival’s wages as 1ts offer becomes refatively less
valuable for consumers, and hence his ability io steai firm i’s market share is re-
duced (that 5. 3*H;/dw;dv; > 0). However. it also reduces the union’s incentives
to press for wage increases {30, /Gw;8v; < 0} since 1t raises the sensitivity of
to w;. Exactly the opposite holds when we consider the impact of an increase 1n
v; on the firm |'s manager and smion.

Therefore, we can distinguish between two different types of parameters.
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Let a to be partitioned into two vectors o = {w?, By, Oz, My, M) and &° =
{21,812, v1,v2}. The parameters in o! are those for which the sign of 8%Q;/Gw; 00,
15 unambiguous. whilst 1t depeads on the exact value of g; for those parameters
m o?® Now, we are firally in a position to study the impact on equilibrium wages
of changes 1n the parameters of interest. The next subsection studies analitically
the comparative statics of equilibrium wages with respect to the parameters in
a’. Section 3.2 deais with the corresponding results for parameters 1 o, by
means of numerical simulations.

3.1 Analytical results

From equation (11) and the results 1n Table 1, Propositions | and 2 below follow
mmediately.

Proposition 1 [f the PBE (w],w3) 15 such that 8; > 37,{,), then firm j’s

equilihrium wage {employment) 1s monotonically increasing (decreasing) in we, 3;,
and 3;, and moenotonically decreastng {increasing) m M; and M, 1 % 7, 1,7 = 1.2,

Proposition i analyzes the bargaining outcome when wages are local strategic
complements. In this case. firms i's equilibnum wage, wj, 1s shown to rise with
w® (and, therefore, to nse with & and w* and to fall with ), and 5;. and to fali
with Af; {or, alternatively, with an increase in §; and/or a fall in Nj..}, as the
standard monopolistic competition modef would predict (see Layard et al., 1991).
But, w7} can also be shown to rise with the nival’s umon pewer, &, and to fall with
the rival’s number of insiders, Af;. The last two effects are exclusively strategic so
that thev cannot be captured by 2 model such as the monopolistic competition
model which disregards strategic interactions among competing firms.

Consider. for example, an increase in ;.. This has a direct and positive effect
on wy for any given w; (i.e., 3*Q;/Gw;85; 2 0). Firm j's reaction function remains
unchanged, instead, since #°;/8w;33; = 0. However, the initial increase m wy
due to a greater F;, leads to a subsequent ncrease 1n w;, as firms’ wages are
strategic complements. The final impact of an 1ncrease 1n 3; is, therefore, to raise
both equilibrium wages w; and w;. Notice that the impact of 8 on w} 15 purely
strategic.

Furthermore. the impact on w} of changes in w?, @, and M, although quai-
itatively identical in the monopolistic competition and the oligopolistic models,
mav be quantitatively very different. For instance, consider the effect of an -
crease in w® 1t raises J€); /dw; making it more profitable for firm ) io raise wages,
but 1t also rasses 902;/dw; and thus w!. Since wages are sirategic complements,
firm | would react to an increase in ws by increasiag its own wage. This is pre-
aisely the strategic effect which is missing 1n models of monopolistic competition
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and which biases dw;/8w® downwards in this latter kind of models. In Figure
J below, an inerease in w? shifts firm i's reaction fuaction to the right while it
causes firm j’s reaction function to shilt upwards. Eguilibrium wages move from
Ey to Ey. This movement involves both direct and strategic effects, The latter
remnforce the inflationary effect on wages of the former. leading to overall larger
wages 1 eguilibrium.

[Insert Fig.3

Proposition 2 [f ihe PBE (w}, w}) 1s such that 8; < 8}{-,-} for all ;, then firm
J's equilibrium wage (employment) 15 monotoncally mcereasing (decreasing) i 5;
and M;, but monotomcally decreasing (increasmg) in M, and 8;, 1 # 5, 1,0 = 1,2,

Proposition 2 focuses on the case where wages are strategic substitutes. Our
hasic comparative statics results are substantially modified with respect to the
strategic complements case in Proposition i. The equilibrium wage, w}, still nises
as firm J's urion becomes more powerful in the bargaining process (as J; nises)
or as M; shrinks, but 1t now falls with %, firm i’s union power. This 15 because
as f; nses firm i's wage also nses which makes 1t more profitable for firm ; to
cut wages in order to win a greater share of the market. Since for these vatues
of the 3's the bargaining outceme 15 dictated by firms’ managers incentives, w}
must fall. A similar intwtion also applies for falls in Af;. Also i contrast with
the strategic compiements case. the effect on equilibrium wages of an increase
mow® s, in principle, ambiguous. Of course, raising w® has & positive direct
effect on firms’ wages since it sirengthens the bargaining positions of uniens by
reducing each member s marginal joss from a lay-off. However, given strategic
substitutability, as the rival’s wage increases. 1t is more profitable to cut one’s
wage, which pushes equilibrium wages in the opposite direction.

3.2 Numerical computations

As regards the comparative statics resuils concermng the variables contained in
vector a*. we have to resort to numernical computations in order to sign those
effects. In generail, we have found that the results lack robustniess with respect to
the vartous parameter configurations which yield equilibna as well as the values of
A. This outcome challenges comparative statics results found 1o models which ig-
nore strategic nteractions. Take, lor instance, the standard effect of productivity
changes on wages. [n rmost models, this effect 1s {ound to be positive. However,
1 Figure 4, which corresponds to an strategic complements case. the numerator
of (11}, 51, 18 computed across diferent values of the relative bargaining power
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of unions, J;, the effect tends to be negative for low values of J;, then positive
for intermediate values and finally, negative again™ It 1s of course the change
in siga of the strategic (8% /Gwidas) and the direct effects (8%82;/0w;Hay) that
gives nse to this lack of monotonicity. Similar effects are found for the remaining
components of o, implying that changes in the firm’s productivity or brand’s
quality and in their rnivals’ have effects which depend very much on g.

4 Extensions

4.1 Wages and product market concentration

Does competition policy affect equilibrium wages? Are wages positively or nega-
tively related to Lthe degree of concentration in the product market? How are the
wage-setting mcentives of managers and untons changed as the industry becomes
more competitive? This section answers these questions in the light of our model.

Let us consider an n-firm version of our basic mode! where, in addition and for
simplicity only, we suppose that all firms are identicai. The first point to notice 1s
that, as n increases and the market becomes more competitive, the wage-setting
incentives of managers and unions change 1n opposite directions. While managers
become less eager to undercut rivals’ wages (i.e., 8*11;/8w;8n > 0) and, therefore,
more accommodating in the bargaining table, unions exert less pressure to raise
wages {Le., U /8w;dn < 0). Thus, from the viewpoint of the former, wage
reductions are relatively less profitable when the industry works with very small
price-cost margins, that 1s, when the market 15 very competitive.” For unions, on
the contrary, as n rises a wage 1ncrease becomes less valuable since it 15 less likely
that member workers could enjoy the higher wage as the survival probability of
any insider falls with n. Furthermore, the fall in the survival probability 1s larger
for higher wages.

Therefore, the overall relationship between equilibriurn wages and market
concentration 1s, i prinaple, ambiguous. OQur main interest is, however, in un-
derstanding the behavior of wages when unions do matter. Hence, suppose that
umson’s bargaming power 1s such that {i) ie, °0;/dw;dw; > 0 for all 1 #
4 d = Lyeun, and (i} re, §Q/0w;dn = 81/ dw;dn + 3,00, /0w;8n < 0.
Then our n-firm bargaining game shows strategic complementarity and an in-

*3%Fhis could provide an explanatton for the aciual lack of monotomeity n the productivity
effect. Taking as a rough measure of the productivily effects the estimated "insider” weight m
seversl econcrmes (see Lavard ef al, 1991, ch. 4, Table 41 we &nd that economies with low 4,
such as Japan or the US. have weights of 0.30, economies with medium sized weights, such as
the Scandinavian countries, have weights of 0.03, whilst economues with high 4, such as Spam
or the UK, have weights between £.10 and 0.15.

*Given our assumpiions on the product matket (section 2.1), it s a standard result that
firmns’ price-cost margins fall as the number of firms operatiag in the market nses, (See, e.g.,
Tircie, 1988, ch. 5.)
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crease iz n leads to fower wages. [t follows that 1m oligopolistic industries with
powerful unions and where wages are bargamed for at the firm level, wages and
concentration ratios are positively correlated. Therefore, competition policy may
play a very important role in moderating unions’ wage claims and 1n restramming
cost-push inflation.®

4.2 Industry-wide bargaining

It has been commonly argued that unions find it easier to coordinate their wage
claims than firms’ managers. Recall that in the context of our model, the man-
agers at competing firms have opposed interests concerning wages: each manager
wants 1ts rival to rase wages 18 order to undercut him and so win over some
additional market share. On the contrary, unions’ interests need not be 1n con-
flict as they al} benefit {rom simultaneous wage increases at their corresponding
firms.*® Assume. therefore, that even if bargaining was conducted at the industry
level managers would fzil to coordinate their strategies while unions would take
18t account the impact of their wage claims on other unions’ welfare™ Firm j's
objective function becomes §1; = H; + (U, + 1), « # 7. Firm i's equilibrium
wage, wi". would then solve

G0/ 0wy = 811,/ 8wy + H(0U; 8w + U ) =0, ;=12 {12)

From equations (9} and (12}, and given that 8U;/Ow; > 0 for all w;, we have
that 89;/Bw; > 0 for w; = w;. Given that {1; 1s concave for the zelevant ;-
range, 1t {ollows that wi™ > wj, the equilibrium wage for the firm-level bargaining
modet, {or all ;.

Alternatively, we could assume that managers’ and unions’ ability to cooper-
ate among themseives 1s identical, so that industry wages are decided collectively
among all of them. In this case, firm i's equilibrium wage, w$. would maximize
the joint payell function (y + £2; soiving

AL/ bw; + 811/ Sw, + 3,00, dw; + :0U;/dw; = 0. ;= 1.2

Since gl/;/dw; and 91,/ Bw; are both positive and F; and J: aze such that
0 + 113 15 focally concave, wi 2 w} for all . {Note that w$ and w}™ cannot be
easily compared without additional assumptions on the parameters of the model.)

Suppase that (i) still kolds but take 3°Q; /w;0n > 0. Then, equilibnium wages are larget,
the larger the number of firms in the market. The intuition 15 that as n increases the payoff
associated with a wage cul (a marginal incrense 1n firm efficiency) falls. A sumilar resalt s
obtained by Martin (1993).

*51n fact, a wage-setling game exclusively piaved by unions would share some of the features
of a coordination game. namely strategic complementatity and cross-effects of the same sign
{i.e., sign OU;/0u; = sign 0U;/dw;). Ounly the giobal concavity of U5, which prevents the
muliplicity of equilibna, makes 1t not to constitute 2 proper coordinat:on game.

T¥This 15 identical to assurming that there 15 a single umoen per mdustry, whose members are
thie msiders of firms t and 2, and which bargains separately with each firm's manager.
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In conclusion, we have shown that, for a broad set of assumptions oa the
way industry-fevel bargaimng is conducted, equilibrium wages (employment ) are
higher (smaller) when bargeining is conducted at the industry level rather than
at the firm level.

4.3 Wages and the business cycle

Suppose that 1o our basic model of section 2.1 we assume that demand is uni-
formiy distributed on the interval [AG, M), where A > 0. Demand tooms would
correspond to A > | while demand busés to A < L. (Assume for simplicity that
firms are all symmetric so that 3; = #§ for all j.}*®

An increase in A makes 1t more profitable to undercus rival’s wages in order
to benefit from a bigger slice of the expanded market (that 15, 82IL,/fw; 81 < 0).
Thus, firms’ managers would exert a greater downward pressure on wages in
booms, and would become less demanding on wage cuts in busts. On the other
hand, as A nses umons can demand greater wages without fearing the msk of
layofis so much. Consegquenily, they would demand higher wages 1n booms and
would moderate their claims in busts (that s, 8%/ dwyd) > 0).

Thus the sign of 8%/ dw; 3\ depends on d. Let § be such that %0/ dw; 9 >
0({<0)as g >ﬂ_;‘§ (3 < 3). Straightforward algebraic mampulations lead us to
conciude that 8 < 3 so that strategic complementarity necessarily implies that
8% /6w 8\ = 0. Therelore, from equation {11} above, equilibrium wages are
monotonically increasing in A for 3 > g°. In other words., wages behave pro-
cyclically for industnes with powerful unions.

However, comsider an industry where § & (3, E), then wages are strategic
substitutes and §°0Q;/dw;dA < 0 for all ;. Then, given symmetry and stability
of eguilibrsum, and for all 3,

sign{Qw}/ 8N} = sign(d*0; ] Bu; ONNG°0Y; / B B —~ 81/ Fhel) SO

From equation (11} equilibrium wages fall as A increases. so that wages are
counter-cyclical for low-8 industries. Therefore. it may be that in the aggregate
real wages will show no cyclical behavior i, for mstance, the weights of low-J
and large-7 industnes are similar.?®

BWhen A > { (< 1). managers and unions correcily anticipate that ez post mutket demand
will be larger (smaller) for anv state J.

**Nowadays conventional wisdom 15 that wages are, if anvthing, procyclical (see Berpanke
and Powell. 1986, for evidence at the industry level, and Bils, 1985, for evidence at the firm
level using panel daia}. However the correlation between changes in real wages and outpat 15
maost often statistically inmgnificant {Blanchard and Fischer, 19390, p. 19).
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4.4 Taxes, subsidies and equilibrium wages

Let t > 0(< 0) be a government tax (subsidy) per unit of production. Firm j's
ez-post profits after taxes are given by equation (1) above, where now ; equals
(wj/a; — v; 4 t) for all ;. Unions’ objectives are given by equation (2) above.

Solving out the modei as in the previous sections we have thai: (i) firms’
managers are less (more) eager to cut wages when government taxes (subsidies)
are :mpased on firms (i.e., 8*1;/dw;0t > 0); and (i) unions willingness to obtain
a wage increase falls (rises) as taxes (subsidies) on production are introduced (i.e.,
&*U; [ Bw;0t < 0).

From the point of view of managers a tax on production makes stealing market
share (and thus wage cuts) less profitable since it reduces the profit margins per
unit of cuiput. On the other hand, unions realize that a tax on production
reduces employment, and thus the survival probability s;, for miven wages, and
also makes this probability more sensitive to wage increases. | herefore, they
respond to & tax on production by moderating their wage claims (see {ii) above),

4.5 Open economy implications

Our model can be easily extended to deal with the analysis of stzategic trade
policy. In particular, we are mnterested in the effect of tariffs and subsidies on
home wages. To do so, let firm | be a ome firm facing competition form a foreign
firrn, firm 2, 1n the home market. An increase 1 home tariffs to the foreign firm’s
product is caplured by a fall in v; 1n the context of our model, while an 1ncrease
1 the level subsidies to the home firm is equivalent to an increase in v;. Therefore
from section 3.2 we cannot report unarmbiguous resuits, in contrast with the a
preort thinking that a rise in v; would allow for 2 r1se m wy, via protection of
concentrated industries {see Borjas and Ramey, 1593},

5 Conclusions

This paper has shown that the comparative statics analysis of equilibrium wages
{or, more generally, of the degree of firms' efficiency) requires the explicit recag-
nition of the strategic interactions that take place in the product market.

We have intreduced those interactions 1 an otherwise standard right-to-
manage model. where bargaining takes place at the firm fevel, We have shown
that the effect on equilibrium wages of variables like union membership, product
differentiation, or alternative wages depends on the strategic nature of the wage-
setting process. More precisely, the impact of those variables has been shown to
depend on whether wages in different firms are strategic complements or subsidies
{i.e., whether increases in one firm’s wage lead to an increase or 2 decrease m
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ather firms’ wages), the former case being more likely the higher 1s the bargaining
power of unions at the different firms.

Qur analysis has yielded three main sets of resuits. First, standard oon-
strategic models of wage setting -the mast popuiar being the monopolistic com-
petition model- miss important determinants of an oligopolistic firm's wages, by
ignonng the impact of changes in the conditions at the firm's competifors. As a
result, the predictions of those modeis are sometimes overturned when stratepic
interactions are considered. For example, increased productivity 1n one firm may
lead to lower, not higker, wages in that firm.

Secondly, strategic wage bargaining may be an additional rationale for mui-
tiple equilibra, which has important consequences for economic policy. In our
madel, there can be considerable variation across econommes m the equilibrium
wage levels and hence 1n employment, without a large varmation in the underiying
determinants of wages, which simply reflects the fact that different econormies
settle at different equilibria.

Lastly, extensions of the model have provided new resulls on several issues.
For example. unsons’ bargaining power needs to reach a certam threshold to
ensure that a decrease 1n product market competition will lead to higher wages
or that wages will be procyclical.

Finaily, this paper could shed light on the specification of wage equations
i empirical work, From the previous results 1t 1s clear that, once strategic -
teractions among competing firms are recogized, vanables such as the compett-
tors’ productivity or their employees’ bargaining power should enter the standard
insider-outsider wage equations at the firm (or sectoral) level which are found n
the literature.® Moreover. it becomes clear from the previous analysis that the
standard measures of market power, like concentration ratios of the industry m
which the firm operates. may be ill suited to capture the link between market
power and wages.

6 Appendix 1
This section provides a generalization of Propositions | and 2 above to more

general demand and distribution functions.

6.1 Mathematical preliminaries

A lattice 15 a partially ordered set (4.2) in which any two elements have a
supremum and an miimum 1n the set. A lattice 1s complele i every nonempty

*5ee Nickell and Wadhwam {1990). Nickelt et al. {1992} and Bentolila and Dolade {1994},
among others,
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subset of 4 has a supremum and an fimum in 4. For example, any product of
compact intervals 1n the Euclidean space 15 a compiete lattice.

Let A; be the strategy space for player j, 7 = 1,...n. Let A = xA;. Let
Tii A =+ [ be the iwice-continuosiv dilferentiable payoff function, and p € R a
vector of parameters for this game. Then G = {{4;,7;);; R} 1s 2 smooth n-player
game.

Theorem 1 [Topkis, 1978). Let 7;. A x R — R be twice-continuously differ-
entiable on some open inlerval. Then, 7; salisfies the cardinal complementarity
conditions if and only if: (i} v; 15 supermodular (i.e., &%r;/8a;38a; > O for
all £ 2 h, and &r;/dapdas > 0 for all j} # 1 and for all k and h, where
ajr denoles the & action of player 3; and (i) v; has increasing differences (i.e.,
FrifBandp = 0 for all 3, h, 1}

Definition 1 G 5 ¢ supermodular game if for all 3: (i) A; 15 a complete lat-
tice; (i) 1; 15 lwnce-continuousiy differentiable; and (i1} 7; satisfies the cardinal
complementarity condilions.

Theorem 2 (Topkis, [979). Let G be a supermoduiar game. Then, there exists
a Nash equilibrium in pure stralegies, which in addition 15 domunance solvable,
for game G. Furthermore, the equilibrium stralegies are non-decreasing functions
of the elemenis of R

6.2 More general demand and distribution functions

Let f{Q,8) = 6+4g(q) be a demand function, where g{-) satisfies that (i) ¢'{-) < 0,
and (i) ¢'(:] + g¢"(-) € 0 (so that the product market subgame shows strategic
substitutability among its decision varizbles). Let T'(8) be a twice-continuousiy
differentiable «.d.l. on the interval {8, 8% and +(6) (= 81'(0)/80, almast every-
where) its corresponding density [unction.

Let W; = [10°, W1 C R, be the space of feasible wages for firm 7, ; = 1,2, where
i is arbitrarily large, and W' = yW;. Then W, and W are complete sublattices.

From the previous assumptions, firm j’s ez-post profits are given by

(g0 | 6)) = q; (008 + 9 Q) = &3}, 4= 1,2 {13)

and the ez-anie expected profits equal [; = Es(M{q;(8 | 6}). Notice that
ML/ dw; = —q(0)/a, < 0 and PT;/du? = -;7&—;1;‘-'91 > 0, so that expected
profits are strictly decreasing and convex in w;.

Lemma 1 [I; satisfies the cardinal complementarity condition 1 (w;; =~w;), for
aliig,4,3=1.2

This section follaws closely the surveys oo supermedular games by Fudenberg and Tirole
(1991} and references therein.

i9



Proof. Ti; 15 obviously supermodular 1n w;, since w; € W; 1s real-valued.
Thus, 1t suffices to show that [I; as increasing differences 1n (1w, —w;), which
follows ammediately since sign{0%IL;/dw;dui} = sgn{@IL(- | #)/0w;du;) =
sign (-;—'%‘Ez) <Qforall 6. Q.E.D.

Under the assumptions of this section, we can write the survival probability,
54, as follows,

T Ni{0)
sy =(1=T(0)) +[J ! { Sl ares) (14)

Substituting (14) mto {2} above, we can immediately shaw that [/, the firm
J's union objective function is strictly cancave in w; { can be increasing or
decreasing in w; depending on the relevant range}. Moreover,

Lemma 2 U; salisfies the cardinal complementarity conditions m (w;, w;} for all
t# oty =L

Proof. U; 1s supermodular since w; € W; is rezl-vaived. To show that [;
satisfes the increasing differences condition i {w;, w:}, t # J, it 15 enough to
note that

BzU,-/aw,-(‘iw.- = 63,/5w; + (st,-,fﬁw,-ﬁw,-){w,- - w") >0

since

.
(1) O,/ Ouw; zﬁ ' M‘_a‘ (3315} )drw; >0 as agf’ >0 forall 8
L Rl et | v Al

and

. z | [P0 £ dq;(67) 98;
{it} Bs;/ B dw; *—""/ﬁ T (ﬁtjzc'gw}-) dr(6) + ,L[,a,T(G:} ‘gt{n ]31,; 20
= Aty 7 1 SEreT

since §q;(0)/Gw;8w; > 0 and 8q;{071/ Bw;, 807/ dw; both < 0. Q.E.D.

Firm s equilibnum wages (wj, w3 ) solve equation (9), as long as 4z ,8 (w5, ws)

~(PH;/ 8w}/ (8*U;{6w?) = 0 for all ; (where the second-order derivatives of
il; and U, are evaluated at {(w;,w3)}.% Moreover, let &7 {w],wi) are equal to
—(azﬁj/’aw,ﬁw;)/ (6PU; ] Ow;Bw;), {where the cross»denmtna of II; and U; are
evaluated at (], w3}

Proposition 3 If the PBE (w],w;) 15 such that 8; > A{w, wy) then firm §'s
equilibrium wage (employment] 15 monotontcaily mcrcasmg {dem‘ea.smg} tn w®,
B;, and 3;, and monotonically decreasing tn M; and Mi, 1 % 3, 1,5 = 1,2

3*In equilibrium, 3 5w— > {1 so that W‘ > 0. for ail 5.
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Proof. Let o = {w®, f1, B2, — My, — My). The bargaining game G={{W;, ;)5 01
is a smooth supermodular game around (w3}, w}), given Lemmas 1 and 2 above
and the fact that 8Q;/dw;8c. 2 0 for all ok, the k-th element of ¢. Then,
Proposition 3 foliows directly from Theorem 2 above. Q.E.D.

Propesition 4 [f the PBE (w],w3) 1s such that 3; < B} for all j, then the
firm j's equilibrium wage (employmeni) 1s monolonically imereasing (decreasing)
w f; and Af;, but monotonically decreasing {increasing) m M; and 3, « # 3,
Gy =123

Prooi, We take @y = w and @; = —w; lo be firm 's strategic vari-
ables. respectively, where wy € Wi and —w; € Wy = |—W,~uw®l. Let & =
{f1, =, — My, Ma). The barganing game G = {W¥, Wy, (2;);37} 1s a smooth
supermodular game around (w7, w3), given Lemmas | ard 2 above and the fact
that 8°0Q,/8%;:88, > 0, for all &, the k-th element of . Then, Proposition 4
follows directiv from Theorem 2 above. Q.E.D.

7 Appendix 2

This appendix explains how we compute numerically the equilibrium values of
w; and w, The funcuonal forms we have chosen yield a quadratic first order
condition for each firm. which represents the reaciion function of the wage 12 one
firm to the other firm’s wage. The optimal w; is given by the solution to:

Biw? +{C; + Djwiyw; + (Ejw? + Fiuwi + G;) =10

where B; = 3/a?,C, = (6a; ], ~dv 420 AN (T 2) /(35;)—2w° [0, — 20) [ a;.

Dy = =2fla;a:). E, = 1/(4a}), F, = (—3a;M; + 2v; — ve + 4M; (0 — 2)/(35;)

+200 fa, + 8)/(20;), G} = ~G}{3a;M;(V ~ D}/ (26;). and G; = —3;{9a3M; —
12a;Mv; + 6a, M v + dv? — deyu, + oF)/(6a, M (T — 1))

+(4/(9a;) 4 332w fa, + 1)/ (3a; M;(F — 1))/ {3a; My — 2v; + vi)

~did/2 — 2w e} (Qa A (0 — 1)) — 4((9 — #)/2 + 3a;M;)/(9a;) + 8;

while the solution for w: 1s found by substituting the : subindices for ;
subindices and vice versa.

Equilibrium wages are those toots of these quadratic equations which satisfy
both equations sunuitaneously. Numernically we compute them by plugging an

BNote that in this case we cannot anaivtical comparative statics tesults for w®. since
& f8(—w; b €0,

HM¥ives (1080) shows how two-plaver games with strategic substitutes can be made super-
modular by transforming the strategic vanables as we de m this proof.
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arbitrary value for w; 1z the expression for the root for w; and vice versa, and
iterating on the solutions being found until the lollowing criterion 1s arbitrarily
close to zero:

f(w_,-(n) —wi{n — 1) + (wi(r} ~ wi(n — 1))2r!2

where n denotes the number of the iteration. Once a solution 1s found. we

check that the equilibrium wages are non-negative real pumbers strictiy above the
alternative wage, which yield positive production levels and satisfy the second-
order conditions.
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Table 1: Cross-derivatives of n‘; U, and 2, 4= 1,2]

with respect to uj and the model’s parameters

@ o

a
w 31 B\ Hi H a, a, VJ v,
7° 0 Q 2 o} 0 2 + - +
3 {0y [(gy {61 {0y (0O (?y (@1 (-t {0}
u + o] o] - ¢] 7 - + -
i (+} {0) (0} (=) (@) (21 (8} {(+1 (0]
a + + s} - G 2 i 2 2
3 {+1 (+) (0) (-} (0) () (0y (?) (O]

HNote: Signs in parenthesis correspond to the same cross-derivatives for

the mohopolistic competificon model.
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