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leads to a Bertrand result for the outcome of wage competition: A pure
strategy equilibrium implics full employment in all countries. It is shown that
such an equilibrium exists for a sul't'iciénlly large number of countries. As
extensions of the basic model, decreasing returns (o scale and cdpital
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1. Introduction’

This paper analyzes wage competition between national trade unions caused
by international capital mobility. Capital mobility gives invesiors the possi-
bility to transfer their capital to the country offering the most lavirable
investment conditions. With their influcnce on the wage level, national trade
unions determine an important aspect of these investment conditions. Other
things cqual, a country with comparatively low wage cosis will therefore
attract more mobile capital than other countrics. As labor demand and
therelore employment increases with the invested capital stock, trade unions
concerned about the aggregate employmént fevel will ake this relationship

into account in their wage demands.

A widely disseminated model of trade union behavior is that of a monopoly
union fixing the wage level and firms subsequently adjusting employment.*
This paper replaces the monopoly union model of a closed country by that of
an oligopoly of national trade unions - tied together through ihe international
mobility of capital.” It analyzes wage competition in a simple symmetric one-
goud-two-factor model of the open cconomy.® Both the structure and results

" This paper is a tevised version of Kicl Working Paper 569. I thank Henning Klodt and
Karl-Heinz Paqué for helpful comments on the previous version. The paper is part of a
research project entitled "Standortweltbewerb  bei internationaler  Kapitalmobilitat®.

Financial support by the Deutsche Forschungsgemeinschaft is gratefully acknowledged.

* Tor a description of the monopoly model of the trade union, see c.g. Oswald (1985) or

Holmlund (1989).

* The implications of trade in consumption goods for the behavior of labor unions are

treated for example in Davidson (1988}, Dowrick (1989) or Kemp et al. (1991).

* Oswald (1979) also investigates wage competition caused by the possibility of firms to
substitute labor offercd by different trade unions. In contrast to this paper, he derives a

conlinuous labor demand function from a parlial equilibrium model assuming an aggre-



of wage competition in this framework resemble that of the Bertrand model
of price competition with capacity constraints: First, an equilibrivm in pure
stralcgies implics full employment in all countries. Second, such an equilib-

. . . . 5
rium may not cxist for certain parameter values.

The properties of the factor market equilibrium with international capital
muobility are derived in section 2. Scction 3 is devoted to the equilibrium of
wage competition. In section 4, decrcasing returns (o scale and capital
adjustment costs are introduced as extensions of the basic model. In both
cascs, the Bertrand character of the model disappears and an interior cquilib-
rium with unemployment becomes possible. it is shown, however, that wage
competition still leads to a decline of the cquilibrium wage rate, compared to

a closed ccunomy.

2. Wages and Employment in a Closed and Open Econony

@ssﬁ{nc that the world is divided symmi:lricully into N countrics, each coun-
try endowed with K units of capital and Z units of labor.’ Capital is per-
l'cc(ly_mnbilc internationally, whereas labor is immobile. A rcpr‘cscntativc
price-taking firm employs capital K i and fabor L to produce in each coun-
try i (i=1...N) a tradable composite consumption good. A lincar homogenous
production function with a positive and declining marginal product of both

gate production funcl‘i(m with a declining marginal productivity of labor and no capital. As
the following analysis will show, the basic model of the capital market (,qu ilibrium

employed here does not lead to a labor demand function with such a property.

* The capacily constraint exicnsion of the Bertrand model of price competition goes back
lo Edgeworth (1925). See aiso Beckman (1965) and Levithan, Shubik (1972) for examples

of a game theoretical ircatment of this modei,

¢ Assuming a {ixed capital endowmeat, the model abstracts from an intertemporal savings
decision. This %\mplmtanon however, is not essential for the main results n[ this pdper as

die following dnalysm wil] show.



factors describes fechnology. All countries have the same production func-

tion.

Because of the fixed wage rate, the firm may be rationed in its labor input by
the labor endowment of the representative country.” The firm takes the en-
dowment constraint inlo account as a restraint of its maximization problem.
The paper only considers wages leading 1o a strictly positive cmployment
level in all counirics. In addition, it is assumcd that the marginal product of
capital gets sulficiently high as the capital input approaches zero and there- .
fore also the capital input in all countries is strictly positive. The following
first order conditions then describe the laclor markel equilibrium ( w
denotes the wage rate in country i, r the world interest rate, the price of the

consumption good is set o one, i=1...N, N2 0, and I's L):

Ak} r-0, | o
Bk L)W N =0, (2]
#(T-1)-o. B!
,glKi - NE. “

For N=1, cquations [1] = [4] describe the factor market equilibrium in a
closed country. In such a closed country, there-is full employment as long as
the wage rate docs not exceed the level w® = Fz(l_( , Z). For wages below
w, the term alis strictly positive. [L measures the shadow price of the full

employment constraint or the rent per unit of labor that the representative

7 For more than one firm and an- excess labor demand, the allocaiion of labor across the
single firms has to be modeled explicitly. A paralle] rationing rule, where all firms get the
same share of wtal labor endowment, curresponds to the case of a representative firm

cansidered here.



firms carns. Wage increases reduce this rent but have no cffects on employ-
ment. As the wage ratc reaches the limit w®, the rent takes a valuc of zero
and furth¢r wage increases reduce employment, The following cquation

mcasurcs the cmployment effect of a marginal wage increasce for wl 2w

ar! 1

dw' 1:‘22(1?,1})

<0. ' (5

In an open country wages not exceeding w also secure full employment. In
addition, beeause of international capilal mobility, there is [ull cmployment as
long a the wage rate in the representative country is lower than the wagc rale
in any other country (sce appendix a). This property of the labor demand
function (ollows from the assumption of the same constant returns to scale
technology in alt countrics. As equation [1] shows, the capital market equi-
librium lIcads to an cqual marginal product of capital and an cqual capital
intensity in all countries. Because of constant returns (o scale, the marginal
product of labor is then also cqualized internationally. With different wage
rates, an interior solution with unemployment in all countries is thercfore not
possible. Instead, in the low wage countrics, labor is lully employed. The
country with the highest wage rate only gets a residual employment level that
results {rom the fact that employment in the low wage countries is limited to

L.

Suppose, country 1 is the country with the internationally highest wage rate
and that w! > w°. A marginal increase of the wage rate in country 1 then

decreases employment according to the following cquation (sce appendix b):

(6]

As w1 approaches w, the employment ievel in country 1 approaches {ull

employment. Thus for w™ T<w® and w'= w, the impact of a marginal

wage increase is given by the following expression:
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According to ¢quation |7], the number of countries influcnces the employ-
meni cflects of a marginal wage increase. The larger the number of countries,

the more pronounced arc these employment effects.

For cqual wage rates in all countrics the firm is indifferent about the level of
production in the single locations as long as the average employment level
equals the comparable cmployment level in a closed economy. For simplicity,
it is assumed that in this case the employment level is the same in all coun-

Lrics.

3. The Equilibrium Wage Rate

Given the impact of the wages on ¢mployment, the propertics of the wage
competition cquilibrium can be derived in this section.

In every country, a national trade union completely controls labor supply and
sets the wage rate for the whole country. With this assumption the model
abstracts from intra-national competition between scctoral or regional trade
unions as well as {rom competition belween unionized and non covered
labor. This assumption also assigns the whole power in determining the wage
rate to the trade unions whercas employer organizations are assumed to have
no influence at all in the wage negotiations.® The paper thus models the role
of trade unions in determining the wage rate in a quite simplistic way and
probably overstates the true monopoly power of trade unions. This represen-
tation is chosen nevertheless, as it characterizes the essence of the monopoly

union view most clearly.

8 Allowing for a positive influence of the employer organizations in a "right-fo-manage”
model of wage negotiations would not affect the main results derived in the following

apalysis.



All national trade unions decide about their respective wage demand simul-
tancously. Given the expected wages in other countrics, cach union maxi-

mizes a dilferentiable objective function G =G(w'i,Li), which is strictly

increasing in both arguments. It is assumed that for all given 1'ureigin wage
demands, a union prefers at least one puséible wagc-cmploymcﬁi com-
bination with a strictly positive employment o any wage rate that leads to
zero employment. Thus, the existence of an cquilibrivm with zero employ-
ment in onc couniry c¢an be excluded directly. The following lemma and its
prool show that with perfect capital mobility all trade unions set the wage
rate at the level w© in equilibrium.’ ) ‘
Lemma: Suppose N >1. An equilibrium in pure strategies can exist onl)"

for w' =w, i=1..N.

Proof: First, for any country i, a wage ralc below w® can not be an optimal
slralbgy: The wage ratc w® lcads to full cmployment, irrespectively of the
wage rate in other countries. Since the objective function of the unions is
strictly increasing in the wage rate, the wage w® dominates all lower wages. -
Sceond, there cxists-no symmetric equilibrium (f’v,.‘.,ﬁ')) with ®>w® and

therefore 17 < I, i=1..N. Setting wh =@ g, £¢>0, a union i would
expect a payofl of G(vT/ - E,Z). The union's objective function is continuous, -

so that lim G(W—e,[)= G(ﬁ?,]?)> G(W,Lh)‘ Thus there cxists a slralegy '

e
wh = 3~ £, £ >0, leading to a higher payolf for trade union /i than the
strategy wh = %. Third, no asymmetric equilibrivm in purc siralcgics

(Wl,wz,..,,ﬁzN) cxists. In.an asymmetric cquilibrium, there are two unions k

and I, with w* <% and L¥ = I Since the set of wages salisfying wk <!

® As an cquilibrium this paper considers only the concepl of a Nash-equilibrium in pure
strategies, Lorz (1997) also invesligates the properties of mixed strategy equilibria {n the

wage competition game.



is an open set, for cvery WK there cxists-a strategy Wk 4 e, £>0, also

lcading 1o =T anda higher payoff for union . ]

The model of wage compelition with international capﬁal mobility thus
exhibits a Bertrand paradox similar to the model of price compeltition in a.
product market: Even [ur a small number of compelitors, a pure stratcgy
equilibrium can exist only at the "competitive” full cmployment wage level
w®. However, because of the full employment constraint of the countrics,
the existence of such an cquilibrium is not ensured: With the employment
level in the low wage countries limited to their total labor endowment, there
may remain a strictly positive residual employment fevel in the high wage
counltry. Al w' =wS, i=I.N, a trade union may thus find it profitable to
incrcasc the desired wage rale and to content itsell with the resulting residual

cmployment level

The following proposilion specifies the condition for the existence of the
pure strategy equilibrium at w' = w*, i=/...N. To prove this proposition, the
payofl function of any trade union 7 is assumed to be strictly concave in w'
i ¢t

for w > w™ and w' > wC.

Proposition: Define the following function:

U(N,I??I?)EG](wc,lj)+62<wc,lj) N

PR T) e

The model of wage competition with international capital mobility has an
equilibrium in pure strategies at w' = w®, i=1L.N, if 0(~)s 0. For 6(')>0,

no equilibrium in pure strategies exisis.

¥ This assumption is satisfied for a strictly quasi-concave objeciive function of the trade

union and a non-increasing marginal impact of the wage rate on the employmient level.



Proof: The wage rate w® dominates all wages below w€, so that only
wh=wC i, >0 may lead 1o a higher payolf for the representative trade
union than wh = wE. Equation {7] denotes the employment effect of a mar-

ginal increase of the wage ratc. Thus, the following equation holds:

o G(wC + E,L](WC + E))-G(WC,Z)

e—0" [4

-0(NKL) (8]

For 0() > (), the cxpected payolf of the representative union increases with a
marginally rising wage rate. The condition ‘l)(~) <0 thus is necessary for the
exislc,‘n'(':é of a purc stralegy cquilibrium w = wt ,. i=1...N. Because the
payolf function of the representative union is assumed to be strictly concave

1

in w!for w!sw™ ! and wh > w©, the condition 0 <0 is also sulficient for

the existence of such an equilibrium. ) - B

Although the number ol countrics N does not influcnce (he wage level in
equilibrium, it may have an impact on the outcome of ‘wage competilion:
With a rising number of countries, the function 0() declines. An equilibrium
in purc strategics exists for a broader range ol paramecter values as the num-
ber of countrics increases. For N sufficiently high, an cquilibrium in pure
strategies exists for all K and L . The outcome of oligopolisiic wage com-
petition thus converges via its existence condition to the competitive out-

come, where a union takes the wage level'as given: -

4. Extensions
The Bertrand paradox and the possible nonexistence of an equilibrium in
pure stratcgics may appeart as quite extreme results of wage competition with
international capital mobility. The question thercfore ariscs, whether thesc
results prove to be robust against realistic modifications and extensions of
the model or whether these extensions lead o less strict outcomes of inter-
national wage competition. This section introduces decreasing rcturns to

scale and capital adjustment costs as such extensions of the basic model. In



both cases the Bertrand paradox disappears and a symmetric cquilibrivm with
uncmployment in all countrics becomces possible.

Decreasing returns to scale with respect (o the variable faclors capital and
labor may result from negative production cxternalitics or from immobile
factors fixed in supply in the separate countries.!! To incorporate decreasing
returns to scale into the model, the production function £ (K,L) is still
assumed 1o bc homogenous, but of degree less than one. The marginal
product of capital and labor then depends not only on the.capilal intensity but,
also on the scale of production. An interior solution for the cquations [1] -
[4] deseribing the factor market ¢quilibrivm niay then exist [or di[l'cring wage

rates in the separate countrics.

To illustrate this, suppose all unions imposc the same wage rate above the
full employment level. The union in country 1 now increases its-demanded
wage level marginally. With constant retutns 1o scalc, this implies a jump to
full employment in all low wage countries 2...N, whereas country 1 only gets
the residual employment. With dccfcasing returns 1o scale, however, a mar-
ginal wage increasc or decrease cadses only m;lrginal employment elfects.
These employment elfccts arc given by th¢ f()lidWing cquations (scc appendix
Ot R v N o o

" The factors land - including environmental resources - or labor of a different skill level
than unionized labor are examples for such immobile, [ixed factors. Production. factors
supplied by ihe public scclor may also lcad to decrcasing returns-to scale — as long as they
can not be employed without any negative congestion cffects with respect to the scale of

production.

12 With constant returns to scale the term in (he denominator of equations [9] and [10}

would be zero, whereas with decreasing returns this term Is strictly positive.
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? [9]

1
. N Lt S 10]

dw] B NFZZ F11F22 —[1;'12]2

With these employment cffects wage compctition loses its Bertrand character
and .an interior, symmetric cquilibrium with uncmployment in all countries
may cxist. The first order condition of this ¢quilibrium is given by the follow-

ing cquation — with country 1 as representative country and wl = 10 (1—('—,1,l ):

Gz(wl,l,l) It~ [1113]2

- =(
FZZ TERERS) -[1’12]2

Gi(w’,L’)+ ). ‘ (1]

The payolf function of the representative union is assumed to be strictly con-
“Cavé'in w', so that the sccond order condition [or an interior equilibrium is
satisficd. tn addition, a symmelric increasc of the wage rate in all countries is
assumed to have a negative impact on the marginal payofl of the representa-
tive union. The equilibrium wage rate then declines continuously as the num-
ber of countries riscs: For a given wage rate, the left hand side of cquation
[11} declines with a rising number of countries. The equilibrium wage rate
then has to adjust accordingly to ensurc that cquation [11] is satisfied.
Because the marginal payolf is assumed to decline with a symmetrically
increasing wage rate in all countries, this wage adjustment has to be negative.
It should be noted, however, that with decreasing returns to scale even for a
large number of countries wage competition docs not necessarily lead to full

employment. The marginal employment effect of a wage increase converges



to a finitc value as N approaches infinity, so that an interior solution satisfy-

ing equation [11] still remains possible. "

With adjustxﬁcm cosls as the sccond extension of lhé basic‘ model , the
assumption of perfect international capital mobility is'dr()ppcd..:lnstb}ld, the
adjustment of the invested capital stock causcs strictly convex costs for the
representative firm. To incorporate adjustment costs in the slatic (tamework
of the model, it is assumed that initially the invested worldwide capital stock
is distributed cqually across all countries. Adjustment costs are then repre-
sented by the twice dilferentiuble {unction (Ki -K ), with” @ (0)=0,
Yi(0)=0, p"()>0. The following cquation [12] replaces cquation [1] of

the factor market equilibrium in this case:
1K' 1 )=y (K -K)-r =0. , (12]

An increasing wage rale in the representative country then causes the follow-

ing adjustment of employment (sce appendix ¢):

iﬁ:%(l-ﬂl,fv'] <0. ' T
T\ W ON | . N S
As a marginally increasing or decreasing wagce rate causes only marginal
employment cffects, an interior solution for the cquilibrium wage rale
becomes possible in this case. The [irst order condition then salisfics cqua-
tion [11] with equation [13] as thc respective marginal wage cffect on

cmployment. As with decreasing returns to seale, -an increasing number of

3 Anderson, Devereux (1988) have investigated union wage setting with a variable capital
stock in a partial equilibrium model, 'I‘héy assume 4 fixed intercst rate and decreasing .
returns to scale. Their model can be interpreted as a representation of wage competition in
a small open econuny. For a large number of countries, the marginal employment effect of
equation {9) and the equilibrium wage rate satisfying cquation {11] converge to the re-

spective results in Anderson, Devercux (1988).
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countries increases the wage cllect on employment and therefore lcads to an
increasing wage level in the interior, symmetric equilibrium.'® However, cven
for a large number of countrics an interior equilibrium with prevailing unem-

ployment in all countries cannot be excluded. "

5. Concluding Remarks

This paper has introduced a stylized model of wage competition between
national trade unions. In this model, international capital mobility incrcases
the cmployment effeets of unilateral wage variations. This forces the unions
o lower their wage demands — at Icast as long as wages vxceed the full em-
ployment level in a closed cconomy. Whether wage competition is as intense
as in the Bertrand model or whether some unemployment still may remain in
an open cconomy cquilibrium depends crucially on the conditions under
which wage competition is taking place. However, in all considered variants
ol the model, national trade unions lose at Ieast a part of their monopoly
power and employment in all countrics increases with the introduction of
capital mobility, Capital mobiﬁly thus causes an intcrnational institutional
competition between trade unions that is able 1o compensate insufficient

intra-national competition on the labor markel.

' Again, the objective function of the representative union is assumed to be strictly con-
cave and a symmetric increase of the wage rate in all countries is assumed {0 have a nega-

tive impact on the marginal payof{f of the represeatative union.

'* Van der Ploeg (1987) has also investigated trade union behavior in a dynamic frame-
work with a variable capital stock and sirictly convex adjustment costs. As in Anderson,
Devereux (1987), the interest rate is assumed 1o be exogenous. A marginal increase of the
wage rate leads to marginally declining stcady-state employment level in his model. This
result is comparable to the effect described by equation [13] for the number of countries

approaching infinity.
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Appendix

(a) Full Employment in an Open Country

Assume that there cxists a country i, with /=1 andw” > w!. Equation [1]
implics that the marginal product ol capital cquates in both countries f and
1. Then also the marginal i)roduc_l of labor then cqualizes in both countries,
and according to cquation [2] the following cquation has to be satislied in
equilibrium:

whaal = wh e, (A1)

As wh > wl, 7»1 has to be larger than )\h and therefore also Jarger than zcro.

Equation [3] then can only be satisfied {or -7.

For w! = w there is also full meloym(,m as long as w! does not exceed
w°. To show this, suppose instead that 1} < I and therefore A} =0. With

wh wE, the following equation has to be satisfied:

Pkt s 1K) B o (A2]

Since ! is assumed to be smaller than ‘I ) k! also has to be smaller than:
K. Equation [4] then implies that at least [or one country k, k=1, the
capital stock K* has 10 exceed K. Equation [1], however, requires an cqual
capital intensity in all countrics. For k*>K IhIS would not be possible, as
1¥ can not exceed T

(b) The Employment Effects of a Marginal Wage Increase
For wh>w™ ! and w! > w®, the following equations determine the factor

market equilibrium:

I](K )= (k™ T) (A3]

18 iquilibria with either a capital or labor input of zero are ruled out by assumption,
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K )=l [A4)
K'4[n -1k ' =NK [AS5]

The tolal differential of these cquations (dK =0, dw” ! =0) can be

expressed as follows:

) ] D) a (o
(K 07) Fyp(ktl) o al | =law'] [AG)
] 0 o flaktt Ao

Using Cramer's rule, the marginal impacl of a wage increase on labor demand

can now be derived:

at V=K (kLT

aw' 13‘22(K],Ll )1«?11(1(‘ ],E) (A7]

1
dw'
Because of the constant returns to scale and internationally equalized capital
intensilies, the relationship l’ll(Kl,Ll)Ll = ﬂl(K_l,E)Z holds, so that

cquation [6] can be derived from [A7).

(c) Wages and Employment in the Extended Model

Point of departure is a factor market cquilibrium with symmetric wage rates
and uncmpioyment. Because of the symmetry assumption, the capital input
and the employment level is the same in all countrics. Total differentiation of
cquations {2] - {5] with M=r1=0 and selling dw™ T ¢ gives the
marginal impact of a wage increase in country 1 on the factor inpuls under

the assumption of decreasing returns to scale:
FypdK? + Fppdl) = Fdk ™1+ Fppdi ! [A.8)

Fyydk ! + Fypdl! = dw! [A9)
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FydK™ V4 Fpdt™ = 0 [A.10]
dk' +[N -1 =0 [A.11]

Inserting the cquations [A.10] and [A.11} in cquation [A.8] and then
inserting [A.8] in [A.9] gives equation [9] of the text. Equation [10] then
follows from [A.10], [A.11] and [9]. '

With adjustment costs, cquation |12] replaces equation [1] in the capital
market equilibrium. Total diflerentiation of [12] gives the following term:

[Fi1- A7 Opr? + gt =1y = A (K 4 £ z‘m“ ! [A.12)

Inserting [A.10] and [A.11] in [A.12} and then inserting [A.12] in [A.9]
gives cquation [13] of the text.



