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Empirically, trade unions are consistently found to corsprie wage distribu-
tion. This paper argues that an extended Right-to-Managiehwan explain this
finding. The main insight is that unions raise in particute wages of low-paid
(low-skilled) workers, thus compressing the support ofuhen wage distribu-
tion. Union wages should therefore be compressed when mezhaith standard
dispersion measures such as the 90-10 log wage differencgedVeer, capital
adjustments are found to strengthen these wage compresféaogs of unions.
Keywords: Trade unions, wage distribution, wage compression, ssichadom-
inance.JEL Classification: J51, J31, J41, J21.

1 Introduction

There is strong indication that trade unions compress thgevdistribution. Evidence for

wage compressing union effects comes from three differgattibns. First, over the past
decades in many industrialised countries unions have agviast ground as major wage
setting institutions while at the same time the wage distrdn in these countries seriously
deteriorated. Table |, for instance, shows that in both thi#edd States and the UK the rate of
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collective bargaining coverage (or simply “coverage”) e tyear 2000 was only about one-
half of its 1980 value. Over the same time period the distidlouof earnings in these countries
widened significantly as the 90-10 percentile ratio illasts.

Tablel about here

Second, countries with higher union coverage seem to expegilower wage dispersion.
Table[] reports 90-10 percentile ratios of wages and unioeie@e rates in a selection of
industrialised countries. As can be seen from this tablepimtries where coverage rates are
low (as for instance in the U.S.) earnings are much wideredtssggd than they are, for instance,
in Continental Europe where unions so far have been quiteesstul in maintaining their
strong position as wage setting institutions. Taking aeldsok at the wage distribution of
the group of workers about which labour economists havegllylthe most to say, prime-
age men working full-time in the private sector, Table Il wisathat in Britain wages have
become even more unequal than the OECD data in Table | Sl%gm table also shows a
remarkable increase in the dispersion of wages in Germaighviappens to be accompanied
by a slight drop in bargaining coverage of employees in Gagmna

TableTl about here

The third piece of evidence for the wage compressing effeictsmions finally comes from
a direct comparison of earnings of workers who are covered byion labour agreement
with those who are not. Tabl€ Il reports 90-10 percentil®satD9/D1’) for covered and
uncovered men in the private sector in the U.S., Britain, @edmany. As clearly evident
from the table are wages of workers significantly less dsgemwhen agreements between
trade unions and employers are reported to affect pay. Wiljestang for composition effects,
using a variant of the re-weighting technique of DiNardortiRroand Lemieux (1996), the
differences in 90-10 percentile ratios decrease somewh@igh not in Germany) but remain
economically important. For instance, in the year 2000 enUtS. the 90th wage percentile of
workers employed in uncovered establishments is aroumtdmes higher than the respective
10th wage percentile. This figure strongly contrasts witB-d.0 wage percentile ratio of only
2.9 in covered establishments. Accounting for differencabenskill and age composition of
workers, the 90-10 percentile ratio of covered workersaases only slightly from.2 to 30.

In the U.S., thus, composition effects only account for alspaat of the overall difference
in wage inequality of covered and uncovered workers. Inarithe findings are remarkably

IFor a cross-country comparison of wage decentile ratiosseeBlau and Kahn (1996) and Davis (1992).



similar to those for the U.S. In Germany, quite generallygevanequality is much lower than
in the U.S. or in Britain. Still, even though in Germany thegeaistribution is more equal
within the group of both covered and uncovered workers than it isaik S. or in Britain, the
dispersion of wages of workers employed in covered estabksts is significantly smaller
than the dispersion of wages of workers employed in estabksts that do not pay union
wage

This paper presents a theoretical model that offers an eapta for wage compression
induced by trade unions. We extend a standard Right-to-§mmaodel by allowing for a
large number of labour market segments (‘locales’) thatlstnguished by their total factor
productivity. All workers are identical but labour is asseohto be immobile between locales,
thus yielding a model with multiple wage rates prevailinghs same time. In each locale
unions and firms bargain over wages and firms then choose gmeft levels unilaterally so
as to maximise profits. We find that in this model wage struietuof trade unions results in
a compressed support of the union wage distribution whertbeeelasticity of substitution
between labour and capital is not greater than one. A stdrdispersion measure such as the
90-10 percentile ratio picks up this compression of the supgJnion wages can hence be
expected to be compressed relative to spot market wages.

To generate intuition for this argument, consider an econaith exactly two locales dif-
fering only in the available technology (see Figlte 1). @brely, the labour demand curve
prevailing in the more productive locale is located abowel#tbour demand curve in the less

2In a similar vein, Card, Lemieux and Riddell (2003) find thatfe U.S., the UK and in Canada wages of
unionised men are less dispersed than are wages of men whotarember of a union. For the year 2001
they report that in the U.S., the UK and in Canada the standavéhtion of log hourly wages of union
members is 184, 0146 and, respectively, D15 points lower than the standard deviation of wages of non-
union members.

Moreover, Freeman (1982) shows that, using within-esthbient wage data, standard deviations of log
wages in unionised establishments in the U.S. range bet#vaed 50 per cent below those of hon-unionised
establishments, with an average difference of 22 per cent.

In Continental European countries such direct comparisbasvered and uncovered workers are more
difficult because of the lack of information about union cage in standard survey data. For example, in
Germany coverage is about-23 times higher than union density rates (OECD 2004, VisséBR&uggest-
ing that a comparison of wage distributions of union and noien memberserves more to shed light on
the remuneration of a very special group of workers (hamedynivers of trade unions) than on the effects of
unions on the wage distribution of covered workers. The datl to compute the results for Germany re-
ported in tabl€]l come from a new data set, @ehalts- und Lohnstrukturerhebu(@LS)im Produzierenden
Gewerbe und im Dienstleistungsbereitttat has only recently been made available to researdhsisuld
be noted, however, that this data is not fully represergasivthe German economy as it still has a strong
focus on the manufacturing sector.

In related work using a different German data set, both £gj@n (2006) and Stephan and Gerlach (2005)
find that returns to education and age are more moderate @r@than in uncovered German establishments,
thus presenting some evidence for union wage compressiag®f In a comparable study on the Dutch
labour market Hartog, Leuven and Teulings (2002), howdirat,only very modest union wage effects.
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Figure 1: Wage determination in the monopoly union modaiyasngo < 1

productive locale. This in turn implies that spot market esglenotedvggt andwg‘pjgl, in the
former locale are greater than in the latter. Compare thegeswith those wages that would
be set by a monopoly union. If unions had the power to set waggaterally (an extreme
case of right-to-manage), it is well known that wages arae #igher determined by the tan-
gency of union indifference and labour demand curves or eendyy a corner solution. In
Figure[1 labour demand curves (denoted_é&w&|6 ), given factor productivityd in the high
and low productivity locale) are plotted as thick and unindiiference curves respectively as
thin curves. Given labour demand and indifference curvesasn in Figuré I, the monopoly
union sets wages® andw" in the two locales such that in the less productive localemini
wage markups are positive (i.eyp" > wilig), while in the more productive locale they are
zero (i.e.wqn® = wgg). Union wage structuring is thus found to compress the simitche
union wage distribution.

The reader should have noticed that the sketched argumpanhdg on the shape of both
labour demand and union indifference curves and at firscglamay thus appear a bit ad-hoc.
Our analysis below, however, shows that it holds under queteeral conditions regarding
preferences of the typical unionised worker and wheneeegldsticity of substitution between
labour and capital is not above unity. Notice that the atégtiof substitution is important
because it crucially determines the shape of labour demandg€which, as usual, are derived
holding capital stocks fixed and varying the capital intensihroughout this paper it will be
assumed that the elasticity of substitution between labodrcapital is below ong Given the

3For conciseness discussion of the Cobb-Douglas case iepatduced but follows straightforward from the



strong empirical evidence (Hamermesh 1993, ch 3) this gssomseems fairly innocuous.
By contrast, if the elasticity of substitution between laband capital was in fact above unity,
our analysis shows that union wage markups would then béiyeos the more productive

locales and zero in the less productive ones. Thus, uniongdvtben tend tancrease, not

decrease wage dispersion.

While large parts of the paper use the limiting case of a molyopnion to present the
argument, these results actually hold more generally wioemparing wage distributions of
two bargaining arrangements, say the wage distributiomiumtry A with strong unions with
that in countryB where unions are weak. Then according to our model the wasgelxdition
in countryA should be less dispersed than the wage distribution pregai countryB.

A second important implication of our model is that union esdirst-order stochastically
dominate non-union wages (our Proposifidon 2). First-ostiechastic dominance of the union
wage distribution implies that mean and median union wagegeater than mean and, re-
spectively, median spot market wages, which is exactly weempirical trade union litera-
ture finds (see also the results in Table Il reported in cokitb®’). However, more powerful
tests of the model should directly exploit the insight thatom wages first-order dominate
non-union wages. We discuss several ways how this could he. do

In our model unionised and non-unionised segments of theulaimarket co-exist (sim-
ilar but not identical to Horn and Svensson 1986). Apart fro@dagogical purposes—we
change the perspective from comparing two hypotheticahreg to comparing two actually
co-existing regimes—, one merit of this approach is thatlawas us to study union wage
effects in a closed general equilibrium framework. So,radtdending the Right-to-Manage
model by allowing for heterogeneous labour inputs, we gooaamialyse the effects on wages
of covered and uncovered workers when firms adjust theitaegipbcks in response to union
wage setting. We believe there are good reasons for exigtiienRight-to-Manage model in
this direction. First, allowing for capital adjustmentsistural when looking at wage distribu-
tion from a cross-country perspective since household&reeeto invest in all industrialised
countries. Second, when comparing covered and uncovectmtsén Continental Europe the
industries that are unionised can be expected not to beneslyeselective. Thus, it would
even be a questionable assumption to presume that in uadimdustries capital is locked-in
over long periods of time. We will have more to say on this ésuthe concluding section.
Third, it is quite common in wage negotiations that firms gre@ withdraw capital, say by
investing abroad, if unions were to impose ‘excessive’ waggts on firms.

We follow Grout (1984), who first formalised the holdup prefl in the union context, and

argument.



assume that capital is installed before unions and firmsthigtabour contract but correctly
anticipate the future labour agreement—which itself dejseam the installed stock of capital.
That is to say firms know that, once the capital stock has bestalled, unions have the ability
to hold the firms’ capital hostage. Anticipating this, firnmvest less in unionised than in
non-unionised firms. Such a withdrawal of physical capidién compared with the former
partial equilibrium framework) is now shown to imply wagengoression also from above
as those locales paying market clearing wages utilise gsisat, while union wages in low-
productivity locales remain unaffected. Thus, making toelsof capital of firms endogenous
is shown to strengthen our earlier results on union wage cesson.

We are of course not the first to present explanations for whgns can be expected to
compress wages. Freeman (1980), for instance, lists $eeasons why unions should seek
to reduce the wage distribution. First, there is the stathdedistribution argument that the
income of the median union member is below the average in@mehence union leaders
favour redistribution from the rich to the p(ﬂ)rSecond, he argues that “union solidarity is
difficult to maintain if some workers are paid markedly mdrar others” (Freeman 1980, p
5). In this argument union wage compression is obviouslywgttas a means—not an end—
to raise overall wages. He also claims, thirdly, that woskeave a preference for objective
standards as opposed to subjective decision making of taefn and that the noise induced
by subjective decision making tends to raise overall waggquality.

Yet another strand of the literature on union wage effedtevie the literature on implicit
contracts by stressing the insurance component of labairaszis. Horn and Svensson (1986)
and Agell and Lommerud (1992) follow quite literally the the of the literature on efficient
contracts and argue that unions seek to conclude labouraotsthat insure workers against
unforeseen events in the future. For instance, in Agell aoohiberud (1992) risk-averse
workers are uncertain which position in society they withat and therefore advocate for
an egalitarian union wage policy. More generally, Burda®8)%allows “risk” against which
workers seek insurance to be any contingencies of the labatket that affects wage profiles
over time, space, and events. In a similar spirit in a conmgrapaper (Vogel 2007) we argue
that unions may also intend to compress the wage distriblterause workers perceive of
a less dispersed wage distribution as Hailrnsurance against bad income shocks, however,
requires that labour contracts cover wagesl employment (the contract curve). The crucial

4This argument is extremely prominent in the union literattvhen exclaiming at the, in his view, “modest to
negligible reference to the models of union wage deterrtinabf most of the empirical studies he surveys,
Kaufman (2002) actually writes that “[w]here a formal mo@élunion wage determination is called on,
however, in nearly all cases it involves an application efriredian voter principle.”

SFor an insightful discussion of the issue and the importaftairness considerations in the actual wage setting
process see also Rees (1993)



difference of the present paper to this literature theeei®that here we analyse the situation
in which contracts cover wages but not employment (the lademand curve); say, because
this part of a labour agreement cannot be enforced (see &spand Rhee (1989) for detailed
discussion of the enforcement problem).

The remainder of the paper is structured as follows. Se@imesents the main assumptions
of the model. Sectiohl3 discusses the wage distribution ohlapour markets. Sectidn 4
analyses the Right-to-Manage model while holding capitadlss fixed. The latter assumption
is relaxed in Sectionl5. Sectigh 6 summarises and concludes.

2 Assumptions

We begin with a description of the assumptions of the mod#i given capital stocks which
is discussed in section$ 3 and 4. A list of the additional mggions in the more complete
model with capital adjustments follows.

Model with given capital stocks A homogenous consumption good is produced using
as inputs physical capital and labour, denotedKandL. Production takes place in a large
number of locales. We let the set of locales be representelebynit intervall0, 1] and use
the subscriptv to denote specific locales. Without loss of generality thessnaf workers

at each localev is normalised to be of measure one. ISodenotes both the measure of
employed workers as well as the probability of being empdoyelocalev. All workers
within a locale are either unionised or not unionised. Thetion of covered locales, denoted
asc, is exogenous. Although it would be interesting to make theecage rate endogenous,
this is not done here.

There is a large number of price-taking firms in each locaehef which utilises the tech-
nology 6F (K,L). The production functiofr is assumed to be concave and linear homoge-
nous. As already mentioned in the Introduction we assunietlieaelasticity of substitution
between capital and labour, denotedoass between zero and OHeAlthough not necessary
for the main conclusions of this paper, it might be conventerthink of F as being CES
with o < 1. Total factor productivity parameteésare distributed with distribution function
G(6). Simply for expositional convenience we [8{6) be differentiable. Le®™" and §™a*
denote the lower and, respectively, upper bound of the stipp& (6). We assume tha™"
is sufficiently large so as ensure full employment on spotketarand, to establish existence

6See Hamermesh (1993, ch 3) for empirical evidence for owrtiss that it is fairly save to assunee< 1.



of non-trivial equilibria, we leB™® be sufficiently sma‘ﬂ

A key assumption of this paper is that labour cannot flow frore mcale to another which
allows for a non-degenerated equilibrium wage distriugioNotice that for the purpose of
this paper the notion of a locale is quite general. We thinlooéles as groups of persons
differing in age, sex, education, region of residence, stiguaffiliation and the like. Firms
may, but do not have to, hire workers of several differenéles. The assumption made here
only imposes limits to the interaction of labour of diffetémcales (workers of different types)
and the capital installed in these locales.

Workers do not own capital, supply inelastically one unitaifour and their preferences
are defined over leisure and consumption. Capital marketshnaomplete such that workers
are unable to obtain insurance against unemployment ig&kgcome (whether derived from
wages or benefits) equals spending on consumption good&kedanto a specific locale,

a worker faces the risk of being unemployed (with probapiit- L) in which case he can
claim benefits ob > 0. For simplicity benefits are assumed to be financed by taxesjoital.

If employed (with probabilityL,) the worker receives the wagg,. We presume that, on the
behalf of workers, trade unions set or bargain over wagesnTmnions seek to maximise
expected utility where utility of an employed worker reéetywagew, is denoted asi(w,)
and expected utility of each worker in locatas

Lyu(wy) + (1—Ly)u(Ww) (1)

Herew denotes the wage equivalent of a worker enjoying leisurerac€iving benefitebB
Notice that in the present setting union preferences canabigyederived from individual
preferences as workers are assumed to be identical (wjplece®, e.g., preferences, wealth,
seniority). After all, each worker is both the median andrigggresentative worker. We make
the standard assumption about the functional form(e¥): It is assumed to be increasing and
concave, though not necessarily strictly concave implytag workers are not necessarily risk
averse. Finally, we normaliseand seu (W) to zero.

"We will be more precise on what ‘sufficiently large’ or ‘smaiieans below.

8Both the risk of being hit by unemployment as well as the wagyellare subject to the realisation of the
efficiency paramete®. Formally, preferences are thus defined for a set of adntesgibge distribution
functions, an uncountably infinite dimensional space. Asgng the preference ordering satisfies the standard
von Neumann-Morgenstern axioms, the preference ordenigqely determines a continuous utility function
U (up to affine transformations) such that the most preferragendistribution maximises expected utility
(Hammond 1998).



Model with endogenous capital adjustments When discussing the implications of en-
dogenous capital adjustments in secfibn 5 we make the folgpadditionalassumptions. The
aggregate stock of capitél is owned by capitalist households. Capitalists do not wark b
rent their capital to firms for which they receive a net rateattirn of 1+ r (net of possible
capital depreciations). Capital has no intrinsic utilitgplying an inelastic supply of capital.
Firms are risk-neutral; for instance because firms are rumégapitalists themselves where
capitalists are risk-neutral.

The time structure of actions taken by the agents is as fsll&rst, firms invest in capital
SO as to maximise expected profits, while correctly anttangavages. However, at the time
when the investment decision is made the firm in locals still ignorant of the productivity
paramete®,, though it knows the distributio® () out of which8, is drawn. Second, trade
unions and firms bargain over wages and the efficiency paeaetealises in each locale
Third, facing capital stockK, and wagesv, firms in each local® hire as many workers as
necessary to maximise quasi-profits and then produce tipeiogdod. In uncovered locales
wages are determined the usual wage by the market cleamuljtiom.

The analysis of the model with given and identical capitatks can be seen as an extension
of the model with endogenous capital adjustments when fimashat only ignorant of the
realisation off, but also of whether or not in their locale workers will formrade union. In
fact, if firms are ignorant of whether they will be covered ot,rthe assumption that firms
know G (8) but not the specific realisation 6, in their localev is not crucial. Then firms in
highly productive locales would invest more than firms irslpsoductive locales, but the main
conclusions regarding wage compression and stochastimydooe would remain unaffected.
If however firms do know their covering status, it become®esal that firms are ignorant
of 8,. Assume otherwise. Then covered firms that have to pay higages than uncovered
firms (with identical@) incur losses as covered and uncovered firms face identitaieist
rates. Since this cannot occur in equilibrium, we assumtitinas in localev know G (8) but
not the realisation 08, .

3 Spot markets

Our benchmark case is that capital stocks are identicallitocales, that isK,, = K in all
localesv, independent of whether wages in localare affected by a union wage agreement
or not. Given capital stocks, in localev, wages and employment on spot labour markets are



determined by the first-order condition
WV - 6\/ X FL(K\/,L\/>

where subscripts oR are used to indicate partial derivatives. Of coulsg= 1 whenever
wy > W. Firms correctly anticipate wages when investing in maetjin Expected quasi-
profits ar

Tepot= E[OF (Ky,Ly) —wyLy] (2)

All workers find employment in a non-unionised localgf and only if 8, > w/F_(K,1).
To avoid discussion of the uninteresting case of unemplognmeuncovered locales, we let
6™n > w/F_(K,1), which makes precise whe"" is ‘sufficiently large’, as assumed ear-
lier§

The Hicks-neutral functional form of the production teclogy implies particularly neat
expressions for the moments of the wage distribution:

E [Wspof = constx E[6]
Var [Wepof = const x Var[6]
Skew|Wspof = const x Skew|6]

where const F_ (K, 1).

4 The Right-to-Manage Model

In the Right-to-Manage model trade unions and firms bargeén wages while firms hire so
many workers so as to remain on the labour demand curve. Tmehbdy Union model is a
special case of this model in which unions are free to set svagédaterally. If, in contrast,
all the bargaining power lies with the firms, equilibrium cemnes in both the unionised and
the non-unionised locales are identical. This sectiorefloee begins with a characterisation
of equilibrium in the Monopoly Union model. A series of pragiions summarises the main

9This actually also shows that the optini@] is the same in all uncovered locales once we allowipito be
chosen by firms as long as for some uncovered logaldolds thatw, > W while L, = 1. This also shows
that there is no loss in generality when assuming that latsouniformly distributed over the given set of
locales.

loEquivalently, assume that limy1 gming. (K,Ly) > W wherew is positive whenever unemployment benefits
are positive or workers value leisure.
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results of this section. We continue to assume Khat K in all v.

4.1 Monopoly Unions

Suppose the union sets wages unilaterally. The monopobnumage, denoted agy, in each
covered locale would then be set so as to maximise expedtiy ut

Lxu(w)+(1—L)xu(W) (3)

subject to the constraints that for each worker in this letlaé probability of finding employ-
mentL is given by the labour demand curkéw|6 ) and thatw,, must never be smaller than
the reservation wag®. The first-order condition of this problem is standard (Mool and
Solow 1981, Oswald 1982, Oswald 1985, Farber 1986, Bootb)199
u’(w)wJr L' (w|6)w
uw) — L(w[8)

:u’(w)w_ o <0 @

wheres= LF_/F is defined as the labour income share. The first equality inlloge equation
follows from the fact that

L' (w|6) = — (6F.k (K,L) x K/L)™*

ando = F_F /F.kF is the elasticity of substitution between labour and cépitbotice that
even thouglK, is fixed, condition[(4) depends anbecause the shape of the labour demand
curve depends on how the marginal product of labour changéshe capital intensitk =
K/L. Condition [4) holds with equality if and only if the optimahion wage exceeds the
market clearing wage.

Figurd2 illustrates how the wage distribution can be derfvem this condition. The down-
ward sloping curve in the figure depicts the elasticitys U'w/u of a typical utility function,
while the three increasing curves illustrate how the terf{1—s) changes with the wage
W For simplicity we only consider utility functions whose elasticity is everywhere down-
ward sloping (i.e.a’ < 0) which includes the functional forms most frequently anttered
in economic model@ Consider for instance the case that utility is of the cortstate of

lwe assume that is sufficiently unresponsive to changes in the capital isitgrso not to offset the changes in
S.
2For vw/u > 1 it is easy to show that this elasticity is actually decnegsih w for all utility functions with

11
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Figure 2:

relative risk aversion (CRRA) type(.\/v1*p —v_vlfp) / (1— p) where gquasi-concavity requires
thatp > O Forw > 0 its elasticity is downward sloping for all > w.

Due to our assumption that < 1 the termo/ (1 —s) increases in the wage. The labour
income share increases iw because, first, on the labour demand curve the optimal tapita
intensity increases in the wage rate and, secondj forl the labour income share increases in
the capital intensity. Thereforé] —s) ™ increases im. By assumingr < 1 we deliberately
excluded a Cobb-Douglas technology, fooit= 1 theno/ (1 — s) was a constant and wages
would be identical in all covered locales that paid aboveketaclearing wages. In other
words, ifF was Cobb-Douglas the resulting union wage distributionld/oot be smooth but
instead exhibited a sharp jump at the lowest wage (denotiedvies w*) that clears labour
markets in both covered and uncovered locale for some conpmomiuctivity parameteé.

The horizontal line in figurgl2 finally is found by insertingetbapital intensitk = K into
o/ (1—s). Notice that then conditio[4) holds with equality. Forlego/end the intersection
of the horizontal and the respective increasing curve getes the particular wage rate such
that for all wages above this rate some workers remain withvauk, while for lower wages
there would be an excess demand for labour.

u” < 0. However, to avoid that the slope of the elasticity switckigns for large wage rates, we restrict
the class of utility functions to those with decreasing eonpgtion elasticities (including, for instance, utility
functions of the CRRA type).

13The constant' P/ (1— p) is included to normalise utility such thatw) = 0. Since the rate of relative risk
aversion only involves first and second-order derivativies (©) including the constant does not invalidate
that the stated function is of the CRRA-type.

12



Inspection of figuré 2 shows clearly that both wage and enmpét increase monotoni-
cally in total factor productivity. The greatérthe further to the right is the associated curve
depicting the terno/ (1—s) as a function of the wage because wages must increase pro-
portionally in 8 so as to keeg (determined by the labour demand curve) constant. Moreover
since the elasticity of utility in consumptiom = u'w/u is downward sloping, the wage that
satisfies conditiori {4) with equality increases less thapitionally in6. Hence, an increase
in factor productivity @) is associated with an increase in both wages and employket-
natively, invoking the implicit function theorem on condi (4) and the first-order condition
W/ 6y = F (kn(6y),1) yields

[wm(ev>] _ Wan/6y
Ky (6)) y

1 >0
(k)2 ®)
e a'<vvm>] { <0 }
wherey > 0 due to the second-order condition of the union maximisgtroblem. Moreover,

a’ < 0 and the labour income share decreases in the capital itytesigk,,) > 0, because
labour and capital are complements<€ 1). Thus, we have shown the next proposition.

Proposition 1 Suppose all workers are employed in all non-unionised kexdut not in all
unionised locales. Then the correlation between wages amtnployment is zero in non-
unionised locales but strictly negative in unionised lesal

The assumption that < 1 is crucial for the Proposition to hold. In fact, express@in
shows that employment wouttecreasalong with wages had we assumed ttiat 1, simply
because (kn) < 0if o > 1. That s, foro > 1 unemployment would be the highest among
well-paid workers which is clearly at odds with all empitiexidence—in addition t@ > 1
not being supported by the (more direct) empirical evidesuggyesting that labour and capital
are complements, not substitutes (Hamermesh 3).

4.1.1 Stochastic dominance

The thick left line in figure.B shows the cumulative distrilbat function of spot market
wages ¢.d.f.spot) The thick right line in the figure depicts the distributionwsfion wages

14Notice further that the union maximisation problem may alijtnot have a solution i > 1 and@ is small—
a problem mentioned in Oswald (1982) but often simply assuaweay through artful drawing of labour
demand and indifference curves.

15There is no discontinuity of the spot market wage distrituttw because of our assumption tHf" be
sufficiently large. Due to the linear relationship betwepotsnarket wages and total factor productivity and
because of the uniform distribution of labour across logalke distribution of spot market wages simply
reflects the distribution of productivity paramet&§9).
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(c.d.f.n). The union wage distribution is everywhere (within its gag) strictly below the
spot wage distribution because of two different effectdhlod which work in the same di-
rection (see the thin lines in figuré 3). Hence, there is frser stochastic dominance of the
union wage distributio

First, there is the direct wage effect which describes tfeeebn the union wage distribution
hadall unionised worker been paid the union wage; that is, holdmgleyment constant at
full employment levels. Abstracting from any adverse éfem employment, the union wage
distribution would be located to the right of the spot waggtribution for all wages below
w* (see figuré 1), simply because union wage mark-ups are yo#itd < 6* and zero if
6 > 6*. Second, there is an employment effect which describesffibet @n the union wage
distribution had unionised workers been paid the same wag®a-unionised workers, but
had employment levels adjusted as if firms had paid their arsrkhe higher union wages.
We know from [(5) that—comparing outcomes across localesvedavages are associated
with greater unemployment. Since incomes of unemployedkersrdo not affect the.d.f.
of union wages, the union wage distribution is strictly belbe spot wage distribution, even
when abstracting from the direct wage effect.

To illustrate both wage and employment effects we compafigime[3 the location of two,
otherwise identical locales. Consider first locales pawnmarticular wage which is assumed
to be beloww*. There, the union wage markup and hence the direct wagéd efigbe union
wage distribution is positive. Moreover, the employmenéefis also positive because the
share of workers that actually find employment at the uniogemate is below one and in-
creasing in the wage rate. Comparing the location of theruséal and the non-unionised
locale with identical factor productivity < 6* in figure[3, we see that the unionised locale
must therefore be located to the south-east of the non-is@dihocale. Next consider locales
that pay a wage rate abowé. In such locales union markups and hence direct wage effects
vanish. However, the proportion of unionised workers tlcttally receive this wage is greater
than the respective proportion of non-unionised workelhg nion wage distribution is there-
fore also below the spot market wage distribution in the upgets of the wage distribution.
This shows first-order stochastic dominance of the unionengigtribution. The following
proposition summarises this result of which a formal praof be found in the appendix.

Proposition 2 Suppose capital stocks in both unionised and non-unioneedes are iden-
tically large. Then the wage distribution as implied by therddpoly Union model first-degree

16A distribution X (t) is said to first-order stochastically dominate a distribalY (t) if Y (t) > X (t) for all t,
with strict inequality holding for at least orte The distributionX (t) second-order stochastically dominates

Y (t)if [1[Y (t)— X (t)]dt > O for all t, with strict inequality holding for at least ofie
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Figure 3: First-order stochastic dominance of union waggidution €.d.f..)

stochastically dominates the spot market wage distriloutio

Since Proposition]2 does not make further assumptions abeutnknown distribution of
efficiency parameter$; (0), it can be used to develop formal tests of this extended Raght
Manage model. In this spirit, let us discuss some furtheabds implications of first-degree
stochastic dominance. The first implication is obvious amterns mean wages:

Corollary 3 The mean wage in the unionised sector is strictly larger ttheenmean wage in
the non-unionised sector.

Traditionally, the trade union literature has a strong oou this difference in first mo-
ments of both wage distributions and universally finds tiffeicence to be positive. A similar
conclusion concerning the geometric mean can also be shiosuy (1998, ch 3), although
empirical studies usually do not compare geometric medrmd is interested in testing our
model, it is however straightforward to directly test fostiworder stochastic dominance and
not only to rely on a comparison of first moments. There arersgways how this could
be done, three of which we want to mention. Firstly, Ander&k896) proposed a direct test
for stochastic dominance which is basically an extensioa Gobodness of Fit test (see also
Davidson and Duclos 2000, Barrett and Donald 2003). Segotedit can be based on a series
of quantile regressions because first-order stochasticrdome implies that at all quantiles
the union wage distribution is above the distribution oftsparket wages. Thirdly, one can
exploit properties of the Gini coefficient to connect statimdominance with standard in-
equality measures. The Gini coefficient can be defined eltizethe area under the Lorenz
curve or, equivalently, as half the ratio of the average kibsdlifference between observation
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pairsw’ andw” to the mean B, that is, as'%[_w}"‘//| (Dorfman 1979). Denote the Gini coeffi-
cient of the wage distribution in unionised and non-uniedibcales af,, and, respectively,
Mspot  The following implication of stochastic dominance fow, Mspot and mean wages in

both distributions is due to Yitzhaki (1982).

Corollary 4 If union wages wy first-order stochastically dominate spot market wageggow
then it holds that

To illustrate the corollary, consider the case of two dittion functions where the cumula-
tive distribution function of the second is a simple rightd/ahift of the distribution of the first.
Then their Gini coefficient is the same and conditidn (6) nagrthe condition in Corollaryl 3.
The above conditior.{6) is moreover necessary when uniomsvegcond-order stochastically
dominate spot market wages. Since first-order stochastiardmce implies second-order
stochastic dominance but not vice versa, test based ontemm(@) would however lack some
powe

4.1.2 Wage percentile ratios

In the introduction we argued that union wages are compdesgh respect to standard wage
percentile ratios such as the 90-10 log wage difference. éitargue that this finding isin line
with this paper’s Right-to-Manage model. The key insighthis earlier mentioned fact that
covered workers in low productivity locales are paid highvages than are workers on spot
labour markets in locales with comparable productivityisTtompresses the support of the
resulting distribution function of union wages from belowaile it leaves the upper bound of
the support unaffected (see figlte 3). Hence atierageslope of the union wage distribution
is greater than the average slope of the wage distributiospon labour markets, which is

"One final remark about conditiohl(6). It certainly holds {fng] >E[Wspof andMm < Fspor  The crucial
difference between the variance and the Gini coefficienhaguality measures is that the Gini coefficient
is based on mean absolute differences between all pamsdw’, while the variance is the mean squared
difference between such pairs:

v = -] = 2e[(w/ -]

Due to this similarity it comes as no surprise that for a nundfgorominent distributions, such as the nor-
mal, lognormal, exponential, and uniform distributione tonditions Ewp| zE[wspot] andlm < Ngpot are
satisfied whenever[@m] >E|Wspof and Vafwy] <Var|[wspof (see Yitzhaki 1982, Levy 1998). So for these
distribution functions a comparison of the first two momedss tell us something about stochastic domi-
nance. This is however not very useful in the present cobisduse we know that both wage distributions of
unionised and non-unionised locales cannot be both notatalprmal,exponential, or unifor@t the same
time
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to say thatvfia*— wipin < widx— wiit, It is straightforward to show that after a conversion
of nominal into log wages this inequality is preserved—dympecause the logarithm is a
monotonically increasing function.

This result in fact holds more generally for a larger claspeifcentile ratios, not only
for the 100-0 log wage difference. To see this remember thraafly quantileq € [0,1) it
holds thatwd, > ngot (first-degree stochastic dominance). Using this insiglet,can show
that Iogwﬂ/{ — Iogvvﬂr/] < Iog\/vg:,ot— Iog\/\/g;Oot whenever the average slope of the union wage
distribution between any two given quantilgsq € [0,1], whereq” > d, is greater than the
average slope of the spot market wage between the same twblgsiathat is, whenever

q//_q//> q//_ /

q
/! /! /
Wih — W ngot_ ngot

This inequality implies thand, —wd, < wg;;ot_ ngoor The following simple technical lemma
exploits the concavity of the log and basically says that itequality in nominal differences
survives when taking logs:

Lemma 5 Consider the two interval&, b) and (c,d) where b>a > 0and d>c > a. Then
b—a>d-cimplieslogb—loga > logd — logc.

Applying the lemma we see that in fact
/! / q// q/ /! / q// q/
Wﬂn _Wﬁn < Wspot_Wspot:> Iogvvﬁn - |OgWﬂn < IOgWspot_ IOgWspot

When using wage percentile ratios to measure wage compreghis therefore shows that
union wages are compressed §r= 1 and allq’ € [0,1). Now applying a continuity argu-
ment, this result also holds fof sufficiently close to unity. The next proposition summasise
this important finding:

Proposition 6 For sufficiently large ¢ union wages are compressed with respect to the wage
percentile ratio, as expressed by the log wage differdan@wﬂg — Iogwf'r/], where ¢ > ¢/, when
compared with the respective log wage difference on spaotatmarkets.

So, by this argument the 90-10 log wage difference can bectxgeo reflect the type
of wage compression as it is induced by the union in this modhe caveat is in order
however. The argument of the previous paragraph does et al to infer that union wages
are compressed with respectdny given wage percentile ratio—although this may be true,
depending 0165(6), u(w) and the production technology. The reason behind this té&vdeat
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at the lower end of the union wage distribution the employtnediect can render the average
slope of the union wage distribution between two small gilesx’ andg’ smallerthan the
average slope of the spot market wage distribution. Foant, in figuré 3 at the lower end
of the wage distribution the slope of the union wage distrdsuis smallerthan the respective
average slope of spot market wages. Then, by the above anguspet market wages were
compressed. However, it should be emphasised that, fiistctlunterintuitive result only
holds for certain specifications of the model and, secomyliires thaty” is small.

4.1.3 Wage variance

As stated in Corollary]3, the model makes clear predictimrserning the ordering of first
moments of the two wage distributions. However, conclusiooncerning the ordering of
higher moments of the wage distributions, in particular afe variances or the variances of
log wages,cannotbe drawn from the model without making further assumptidmsua the
precise forms of utility, production, and distribution tﬂ'm)ns@;The reason for this negative
result is that union wage setting not only increases thedtoand of the support of the wage
distribution in the Monopoly Union model, denotedvd&"—which apparently “compresses”
the wage distribution—but unions also increase the mearew&tgnce, the mean squared
distance from givenwage is the smaller, the largefi", but since the mean wage is different
in both distributions, this model does not make unambigywedictions about whether or not
unions structure wages so as to decrease its variance. Wéggwage variances, therefore,
do not lend themselves as providitestable implications of the moddtrespective of such
gualifications, they of course remain useful measures toiiscity describekey properties of
observed wage distributions.

4.1.4 The association between wages and the capital income share

Both Hildreth and Oswald (1997) and Arai (2003) present ena that wages and (quasi-
)profits—where the latter are standardised to take accdudifferences in firm size—are
positively correlated. Moreover, there is some indicatimet unionisation and financial per-
formance are negatively linked (Metcalf 2003, Sec. 3). tidgng financial performance with

1870 illustrate that first-order stochastic dominance dodsaliow one to draw any conclusions about a com-
parison of variances consider the following counter-exampuppose there are only three stags,, and
s3 with outcomes 0, land 10, respectively. Let the probabilities of the domidatistribution be QL, 0.8,
and 01 in each of the three states and, respectively, let®,dhd 08 be the probabilities of each state of
the dominant distribution. The arithmetic mean of the dated and dominant distribution can be calculated
to be 18 and, respectively,.8 while the variance of the former is56 and of the latter 126. Thus, even
though the support of the dominated distribution is larggrariance is smaller.
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the capital income share-1s, it is interesting to see whether the Monopoly Union model of
this section is able to explain such a positive correlatietwieen wages and capital income
shares. By assumption aba®t" some covered workers do not find employment. Hence, in
localities with sufficiently lowd, as argued previously (see equafibn 5), both employment and
wages are the larger the greaerThis in turn implies that the labour income share decreases
(remember thatr < 1) or, vice versa, capital income shares increag® We summarise this
finding in the next proposition.

Proposition 7 Suppose some workers are unemployed in a set of unionissdsaaf positive
measure. Then under union wage setting there is a positinelaton between wages and
capital income shares in these locales, while they are uetated on spot labour markets.

The last result follows simply from the fact that the capitaknsity is constant in non-
unionised locales and so are capital income shares.

4.2 Wage bargaining

Let us now abandon the strong assumption that unions coulatenally impose wages on
firms and, following Nickell and Andrews (1983), assumeeast that unions and firms bar-
gain over wages. It is unnecessary to be very specific abeytrécise bargaining solution.
It simply has to have the following standard prope@s(i) Union wages increase in the
bargaining power of the union. (2) The union wage markup tie séen unions have no bar-
gaining power. (3) Wages are set as in the Monopoly Union mibdk the bargaining power
lies with the unions. (4) For given bargaining power wagesaase with the threat points, i.e.,
with spot market and monopoly union wages.

The impact of union bargaining power on the union wage digtion is best understood by
inspection of Figur€l2. Consider locales with the smalleatised efficiency parametéfin,
In the figure circles marked 1 and 2 indicate how wages on sjpokets and, respectively,
in the Monopoly Union model are determined. If bargainingvpoof unions is positive but
limited, the agreed-on union wage will be somewhere betvibese two wage rates. Now
due to the above assumption (4), these agreed-on wagesygayincrease ir@ because both
Wspotandwim do. The thick dotted line depicts one possibility how effitig parameteré and
wageswrTm are associated. The important fact to notice is that theebhegumptions about
the bargaining solution imply that, first, the agreed-on eagry monotonously increases in
total factor productivity and, second, that these are abA@stween the monopoly wage and

90ften used bargaining solution, such as Nash'’s, all hasetheoperties.
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the spot market wage. Then, by the same arguments that leadladuce Propositidd 2, we
can infer the next proposition relating bargaining powet stochastic dominance.

Proposition 8 Suppose their are two bargaining regimes, A and B, differamdy in the
union’s bargaining power. Let the union’s bargaining powerregime A be greater than
in regime B. Then the wage distribution in regime A first-orsk®chastically dominates the
wage distribution in regime B.

Strictly speaking, Propositidd 2 is in fact a corollary obposition 8. By Corollary3 the
average union wage markup is thus the greater the largeniba bargaining power.

5 Endogenous capital adjustments

So far we have kept investments constant and for conveni@isoeassumed that the stock
of capital was identically large in all locales. As noted,arstatic model as ours this can
be motivated by assuming that at the time when investmensidas are being made firms
are ignorant of whether or not workers will form a union. Qifabour demand curves are
downward sloping, for given factor productivity higher wages are associated with higher
capital intensities. From the point of view of the outsids@tver, ignorant of a locale’s scale,
this may appear as if firms in unionised locales substitusgively expensive labour with
relatively cheap capital. However, firms so far only adjddieeir labour inputs, not their
capital stocks. In this section we now explicitly model istraent decisions of firms and find
that, due to the positive union wage markup, firms investilessionised than in non-union-
ised sectors. So, as far as the utilisation of capital is eorexl, while the substitution effect
of the union wage markup is positive, the scale effect is thegésee also the discussion in
Kuhn 1998, p 1049).

Clearing of the capital market requires that

O Km

o Kspot _ OTkpot
—E [QFK <Lsp0t,1) —r} =K (7)

whenever in equilibrium firms are active in both sets of lesalinionised and non-unionised
ones. We refer to such an equilibrium as a joint equilibriumd & the above derivatives
0Tk /0K anddTepoy/ IK simply as ‘rates of return’. Remember that at the time invesit de-
cisions are made (ex ante), firms are assumed to be stillaghof their (ex post) productivity
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6. The market clearing conditiohl(7) shows clearly the imaoce of an assumption like this,
for otherwise joint equilibria would never exist. The reasethat then, had firms knowledge
of their particular® when investing in machinery, in any locale in which firms estpg, to be
greater thamvspot the capital intensitim = Km/Lm would also be greater thdgytand hence
the marginal product of capital would be lower in the uniedighan in the non-unionised
locale. Thus, rates of return could never equalise, givenrtteresting case that union wage
markups are positive in a set of locales of positive measure.

By the same token, it is easy to see that there is no jointieguin in which capital stocks
are equally large in all locales. Assume otherwise, thatastinue to entertain the assump-
tions ensuring identical capital stocks in all locales, esrdember that the particular efficiency
parametei®* was constructed in such a way thatéat 6 the effective minimum wage in
the unionised sectavy, just binds. We know that the capital intensity is identicalinionised
and non-unionised locales whefie> 6*; that is,km (8) = kspot(6) for all 8 > 6*. However,
in all locales wherd < 8* some workers cannot find employment and, hence, in thesie$oca
km (8) > kspot(8). This shows that expected rates of return in the unioniseisare below
those in the non-unionised sector which leads to a contiadic

Instead it is straightforward to show that in a joint equililm firms in the non-unionised
sector invest less in machinery. We defer the details to paragix but here only notice that in
joint equilibriumKgpot= Kspot must still be smaller thak, (9”“”), the largest capital intensity
in all unionised locales. Again assume otherwise, thatssymeK,, becomes so small and
Kspot SO large that even in the least productive locales the daptensity in the unionised
sector is smaller than the capital intensity in the non-nisied sector. Then, as can be seen
from inspection of[(I7), rates of return in the unionised sedm,/JdK, would in fact be
greater than those in the free-market sector which canndtiha joint equilibrium either.
Thus, in joint equilibriumKspot < km (6™") and therefore

spi(r)]t: eminFL (Kspot; 1) < eminFL (km (9min) ,l) _ Wmin_

Figure[4 shows how the increaseKgot and the corresponding decreaseKin (as com-
pared to the baseline model with identical capital stocKslts the wage distribution of both
unionised and non-unionised sectors. The first thing toceas that the spot market wage
distribution shifts to the right asspotincreases because firms in all non-unionised locales pay
higher wages while still employing all available Iab@rSecond, due to the decreaseKig
the highest paid wagev;?) in the unionised sector goes down, if prior to the reductén

20This wage increase is greater for highly productive workkrsales with larged) due to the Hicks-neutral
form of the production function. The shift to the right of thel.f. is therefore not parallel.
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Figure 4: Wage distributions in unionised and non-uniathiseales before (thin dashed lines)
and after (thick lines) capital adjustments where the dated solid lines depict the
c.d. f. within the set of non-unionised and, respectively, uniedicales.

Km there had been some unionised locales paying market adeaeges. Third, wages do not
change withK,, in all those locales paying above market clearing wageshedotver bound
of the union wage distribution/"" remains constant. Finally, as argued earlier, the lowest
wage paid on spot labour markets remains below the lowesthumage.

The crossing of the.d. f.s of both union and spot market wages demands modification of
the results on wage percentile ratios and stochastic doroénas they were derived in the
previous section. As far as stochastic dominance is cordemnotice that neither wage distri-
bution first-order stochastically dominates the other thbdistribution functions cross. Fur-
thermore, the model seems inconclusive about higher-atdehastic dominance. So, once
we allow for capital adjustments conclusions or even teatged on properties of stochas-
tic dominance cannot be drawn or derived from the presenteinolllost noteworthy, the
model now becomes inconclusive about the sign ofi@@nunion wage markup—while it
had already been inconclusive about higher moments whetatsjpcks were assumed to be
identically large.

However, with respect to wage percentile ratios as a meang#fsure union wage com-
pression the intersection of both wage distribution fumtdistrengthensour earlier results.
As argued earlier, simple rescaling of the abscissa in figuirem nominal wages into log
wages preserves the main property that both distributionstions cross but allows to easily
draw conclusions based on log wage differences. To be ma@f&p let both distribution
functions intersect exactly once at, say; . Thenwﬂl] <w < wﬂ/]/ is sufficient to draw the
conclusion that union wages are compressed with respeuge tfy t q/ wage percentile ratio.
Summarising,

Proposition 9 Suppose in joint equilibrium cumulative distribution ftioas of both union
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and spot market wages intersect exactly once*at When for all quantiles4 o (q” > ) for
which V\ﬂ; <w < Wﬂ: the difference of log union wage quantilmgwﬁ;/ - Iogwﬂ;, is smaller
than the difference of log wages on spot labour markegwg:,ot— Iogvvg;,ot.

While it was necessary to assume that quantijeandq”’ are ‘sufficiently far apart’ to
derive Propositionl6 (where it was assumed that a sufficiespgetion of the support was
covered by the differenoe?r/{ —Wﬂ/]), here it suffices thazt/ﬂ/, <w < Wﬂr/{. To be more specific:
Proposition ® shows that union wages are compressed wjibee® the 90-10 percentile ratio
if 0.1 < qg(w") <0.9.

Existence of joint equilibrium We next turn to the question whether a joint equilibrium
actually exists; that is, whether in fact there exists arihistion Ky, andKgspot such that firms
are active in all locales. We only discuss existence of a jequilibrium in the Monopoly
Union model, as an extension to allow for a varying degreeacg&ining power is straightfor-
ward. Notice that in our model imposing Inada-like condisan the production functioR

is not sufficient since botw,, andw function as minimum wage. In particular, for sufficiently
low K, expected quasi-profitg, become independent &f,, and so are expected rates of
return. Therefore

whereky, > 0 depends o9, does not change witky,, and is uniquely determined bly] (4)
holding with equality.

Now, since there is no Inada-like condition gy and the aggregate capital std€ks finite,
it comes as no surprise that evenkaget— K/ (1—c), the rate of return on investments in
non-unionised locales can still be greater than the ratetafm on investments in firms in the
unionised sector. In general, a joint equilibrium exis@nt only if

im IRt iy 9T
Kspor—K/(1—c) 0K Km—0 0K

(8)

In the appendix we show that this inequality might not holdfar instance K andc are
sufficiently small.

Expected utility, wages and bargaining power If condition (8) does not hold, the threat
of high wage demands by the union deters unionised firms frakimg any investments at
all. An immediate consequence of this is that unionised exsrkan be worse off in income
and utility terms than non-unionised workers. In the exeease in which all unionised firms
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completely withhold investments and shut down (or, rathever open) utility of all unionised
workers isu(W) while utility of non-unionised workers is [Rispof , Which is strictly greater
becausevspot > W everywhere. By a simple continuity argument, this also iggpthat even
in the less extreme case in which unionised firms do, thougtiemately, install machinery,
utility of unionised workers is still smaller than utilityf aon-unionised workers. This shows
that it actually can be harmful for workers to have the aptitt form a union if this threat is
substantial enough to make affected firms withhold investsie-a conclusion which is very
much in line with an important result in Grout (1984).

We have shown that capital stocks decrease in the uniorgsimaing power because greater
bargaining power implies higher wage markups and thus,if@ngnvestments, lower rates of
return. This raises the question whether in joint equilibriaverage union wages are greater or
smaller than average spot market wages, once capital stdgkst so as to equalise expected
profits in all firms. So far, our analysis is inconclusive abibus question. Notice however
that, if after capital adjustments the average union wag&umpavas negative in the Monopoly
Union model, average union wages would actudégrease in the bargaining power of unions.
In such instance in which firms react strongly to the threatmmbnisation of workers by
withholding investments, workers would in fact be bettdribthey could credibly commit
notto form a union.

6 Conclusions

This article presents an extension of the popular Righttemage model to explain union
wage compression in a general equilibrium model. Firms nemathe labour demand curve,
labour demand curves shift with the efficiency (‘shock’)graeters and workers cannot move
between localities. This model is able to generate a noestgte wage distribution and al-
lows comparison of wage distributions in both unionised aod-unionised locales. We find
that unions compress wages by raising wages of low-paidjiplgdow-skilled workers above
market clearing levels. We argue that the such induced wisgigbdition is compressed with
respect to wage percentile ratios if the used wage quacthesr a sufficient proportion of the
overall wage distribution. Direct tests of the model shdolcls on tests for stochastic domi-
nance of the union wage distribution. Unambiguous resolt€erning variances of wages or
log wages could not be obtained.

Apart from extending standard trade union models to studyeveampressing union effects,
this paper also introduces capital into the model and dggswages, employment, and (quasi-
)profits in a general equilibrium framework. We believe agahequilibrium analysis to be
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warranted because in countries with large union coverdgs capital can be expected to be, at
least to some extent, mobile between industries. The rdasohis assessment is that the set
of businesses which are covered by union labour agreemantsecexpected to be the more
selective the lower the overall coverage rate. Consideinfgance the U.S. where coverage
rates are low and bargaining between firms and unions takes plk the firm level. There, it
seems the more plausible that workers form unions in thase finat find it difficult to pull out
capital from their establishment and invest instead in thre mnionised sector, because capital
is to a large extent sunk. As one example, unions have tadily been strong in mining and
firms active in mining most likely cannot escape the barggmower of unions because the
geologic realities do not allow it. One may also think of caamafacturers whose capital to a
great extent consists of their brand, their reputation,ssibly also their customer relations.
Such capital depreciates fairly slowly and cannot be wataarto set up a business in a sector
where unionism is less prevalent. So we think that for inglaistelations as they prevail in
North America and possibly the UK it is sensible to study unwage effects in a partial
equilibrium framework and so, in particular, to entertdia assumption that capital stocks are
fixed. However, in a Continental European context with ldsgeincomplete union coverage
those sectors, industries, or firms that are covered, ar¢ likely less selected. So in these
countries it would be strong and possibly overly restrietiv assume that capital stocks are
fixed when studying the effects of unions on wages and emp@oym

Now, when making their investment decision, firms antieghatt unions will use their bar-
gaining power to set wages and possibly also employmenttbatiguasi-profits are reduced,
as compared to spot labour markets. So in effect we are facsigndard holdup problem—
even though we cannot discriminate between the effectsaltieetholdup’ of capital and the
monopolisation of labour supply because there is only ope tf labour and this is necessary
for producing the output good. As can be anticipated fromfitisé study of this kind in the
union context (Grout 1984) we find the overall union effectsnages and expected workers’
utility to be ambiguous. In particular, firms are found toasvless in machinery the greater
the bargaining power of the union. In the extreme case inhvhie threat of forming a strong
union is sufficiently deterring so as to make firms withhotginvestments in the unionised
sector altogether, unionised workers are worse off thakevsrwho find employment on spot
labour markets.
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7 Appendix

Proof of Proposition [2: Notice that there is a one-to-one relation between factor pr
ductivity 8 and wage rates/im andWwspot Hence,wm (8) andwspot(8) are invertible. For
convenience leZy (W) denote the mass of workers employed on unionised labouretsark
who earn no more than. (We use the tilde to avoid confusion of wage functions aretgj
given wage rates.) That is, define

Bm=Wwry (W)
Zon (W) = /mm L (6)dG(6)
whereLny, (6) = L(wn (0)|6,K) denotes labour demand on unionised labour markets in lo-
cales with factor productivity, taking capital stock& as given. Terms for spot labour mar-
kets,Zspot(W) andLspot(6), are defined accordingly. Then the total mass of workers eyepl

on spot and unionised labour market<Zigot(W"®) [= 1 —c| andZm, (W) [< c]. We next
show that

Zm (W) Zspot(W)
Zon (W) Zoon (W] for all wg;;gt< W< whe 9)

and hence first-order stochastic dominance of the union degygbution.

If w< w* then 5m < 5Spot because of positive union wage markups. Vice versa,if w*

Zn(W)  Jomn Lm(6)dG(6) f~5p0t|_m(9) G(9)
Zon (W) (0T (0)dG(0) gm”],?XLm(e)dG(e)
ff%?,?th((?)dG(@)
fenTEXLm(e))dG(e)
fgri?r?tl—spot(9>d6(9> _ Zspot(W)
Jomin Lspot(6)dG(8)  Zspor(W™™)

The first inequality describes the wage effect, the secoaduality the employment effect.
The latter exploits the fact that, (0) increases i) for all 8 < 68* and constant for a > 6*
(see equationl 5), whilkespot(8) never changes with.

Proof of Lemma[B: The lemma holds in fact for arbitrary functiofigw) with f' > 0> f”.

By Taylor's theorem there is&c (a,b) and ap € (c,d) such thatf’ (§) (b—a) = f (b)— f (a)
andf’ (@) (d—c) = f(d)— f (c). By assumptionh—a>d—c. Thenf (b)—f(a) > f (d) —
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Kspm = km (emin) K= km (9*) km (emin)

Figure 5:

f(c)if f'(&) > f'(@). Sincef” < 0 andc > athis is certainly true ifl > b. Butif d < bthe
result holdsa fortiori, simply becausé is monotonically increasing.

Investment in machinery in unionised and non-unionised firms and existence of
equilibrium  This appendix discusses why in a joint equilibril@pot > Km and when such
an equilibrium actually exists. Fi@ € [Gmi”,emax]. There is a unique capital intensity,
denoted a%m (6), associated with thi® such that for allKy, < ky (0) the utilised capital
intensity equal&m, (0) and sd (knm (0) , 1) does not change with sm#d,. ForKpy, > km (6),
however, there is full employment in the unionised localthweifficiency parameted and so
Fk (km(0),1) = Fx (Km,1) decreases iKy. The thick kinked downward sloping curve in
Figurel® depicts the marginal product of capital for theipatar case in whict® = 6*.
TakingKm, K andc as given, investments in the typical free-market locklge, are given
by the market clearing conditiospot- (1 —C) + Ky - ¢ = K. Whenever for a giveilkn, the
correspondindlspotis sufficiently large so thatspot > W, the marginal product of capital in the
non-unionised localBk (kspot(e) , 1) the strictly downward sloping iKspotand hence upward
sloping inKy,. Due to symmetry, both marginal produé&is(Km, 1) andFg (Kspot, 1) intersect
atK = K = Kspot However, only if@ > 6 it also holds that thefk (km,1) = Fk (Kspot 1).
In fact, forK = Ky = Kgpot SOme workers are unemployed in locales witk: 6%, therefore
km > Kspot (remembemy, > w for all 8) and hencd (km,1) < Fx (kspot1). We assumed
thatd™" < 6* < 6M* and we can therefore state the following abawgragerates of return:
0T /0K < OTkpot/ IK if K =Km = Kspor SinceFkk < 0 in joint equilibrium it must therefore
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hold thatKm < Kspot.

Figurel5 illustrates the case in whigh> kn (6™") - (1 - c) and in whichK is sufficiently
large such that we can IBtpot= km (6"““) while both sectors remain open. Since this implies
Kspot > K we know thatwspor > W for all 6 € [6™", 6™ and, hence, thatspot = Kspot
everywhere. Howevekny (8) < km (6™") and therefordw (kspot 1) < Fx (km(6),1) for all
6 > 6™, By a continuity argument, this proves that in this insta(iethere exists a joint
equilibrium, (2) in equilibriunKspot < km (6™") and (3) min{ Wspot} < Min{Wm}.

A joint equilibrium may however not exist. This happenKifs so small orc so large such
that the marginal product of capitik (Kspot(K, Km,C), 1) does not decrease sufficiently fast
in Km. Then, even a&y — 0, theaveragerate of returnd g, /dK is belowdgpey/dK. In
such instances, firm in unionised locales will not investapital (‘shut down’) and therefore
all workers in these locales will remain without work.
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Table I: Earnings dispersion and collective bargainingecage in a cross-sction of countries

D9/D1 Bargaining coverage
1980-84 1990-94 2000-01 1980 1990 2000
United States 3.91 4.39 4.64 26 18 14
Canada .- 3.71 37 38 32
United Kingdom 3.09 3.39 3.40 70+ 40+ 30+
Germany 2.88 2.79 e 80+ 80+ 68
West 70
Easf 55
Netherlands 2.47 2.60 e 70+ 70+ 80+
Australia 2.88 2.82 3.07 80+ 80+ 80+
Italy e 2.35 e 80+ 80+ 80+
France 3.18 3.21 e 80+ 80+ 90+
Sweden 2.01 2.11 2.30 80+ 80+ 90+

Source: OECD (2004, Tables 3.2 and 3.3). D9/D1 is the 90-i€epéile ratio for the
gross earnings of full-time employees: Data not available? Kohaut and Schnabel
(2003, Table 2)+ indicates lower bounds.
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Table II: Real hourly earnings, earnings dispersion ankctive bargaining coverage in a cross-section of cowsitigedian
real wages and wage decile ratios of full-time employed ngau&®5-54 in the private sector

€e

1984 1993 2000
# D5’ D9/D1 # D5 D9/D1 # D5 D9/D1
u.S. all 42,037 16.5 3.50 41,882 14.7 4.08 27,295 155 4.23
(CPS-ORG) uncovered 32,240 149 4.04 35027 140 4.17 23910 150 451
covered 9,797 18.2 2.23 6,855 17.9 244 3,385 18.0 2.85
(unadjusted)
covered 18.6 2.38 179 2.68 18.0 3.00
(adjusted)
Britain allc 4391 79 361 17,786 8.9 3.91
(LFS) uncoveref 1,401 7.8 3.96 2919 9.0 433
covered 771 8.1 271 1,200 9.0 290
(unadjusted)
covered 85 293 9.3 2.99
(adjusted)
Germany  all 415,132 153 221 252,661 16.1 2.39
(GLS) uncovered 72,830 139 248 79,119 145 273
covered 342,302 156 2.13 173,542 16.7 2.23
(unadjusted)
covered 154 2.10 16.5 2.24
(adjusted)

Author’s calculations. # indicates numbers of observati8@PS: Only observations for which unallocated earnings eaiable. For 1993 we apply
the method proposed in Hirsch and Schumacher (2004) tordieterallocated earning®Median earnings (D5) are expressed in year 2000 prices
(U.S. dollars, British pounds and Euros, respectivélyhe British LFS contains questions on bargaining coveradgasaion membership only in the
autumn quarter. For this reason the number of observatisighificantly larger when not conditioning on bargainingerage or union membership.
d 1n 1993 union membership is used as proxy for bargainingremee In the U.S. coverage and membership basically cangfen conditioning
on workers employed in the private sector. So we use unionbeeship to proxy for coveragé€Data for Germany come from th@ehalts- und
Lohnstrukturerhebun@GLS) for the years 1995 and 2001. Né&#&nderare excluded. Notice that in particular in 1995 the GLS &t a strong
focus on the manufacturing sector. To retain comparalilitpss years only observations of person employed in iridashat were also sampled in
1995 are used. Due to the sampling structure of the GLS, wehaeggrovided weights to estimate deciles. ‘Coverage’ inGh& data refers to union
coverage at the firm level. We let a firm be covered if more thalhdf its workers are paid union wages. Differences in waigpetsion are in fact
larger when using individual coverage instead of firm coverage.

Adjusted wage ratios are computed to account for differeimtage and education of covered and uncovered individWdsyenerate six 5-year age
classes and three (Britain, Germany) or four (U.S.) edanaiiroups. Observations of covered workers are then rehigzgso that shares of each
age-education cell in the covered sector equal the respgatbportion in the uncovered sector.
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