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Abstract

This essay investigates the interaction between demarettairty and
non-competitive labor markets where firm owners have th@wogb shut
down and relocate. Workers cannot find new jobs instantly thedefore
accept wage reductions to avoid unemployment, if firm owroeeslibly
threaten to shut down.

The analysis shows that the expected wage rate is a mix of petdive
wage rate and a bargained wage rate and that this lowersithpreknium.
Further, the option of firms to shut down and relocate in@gsdlke average
size of firms. The analysis also shows that outsourcing otracting out is
more likely if demand is more uncertain, if market power isafier, and if
the markets for intermediate goods are more competitive.

Fragmentation increases the skill premium because it leadsre ho-
mogenous firms, with respect to workers’ skills. With moremogenous
firms, low-skill workers cannot compensate their inferiooguctivity in
wage bargains with high-skill workers.
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1 Introduction

Following the recognition of the massive increase in wageguality in the U.S. in
the 1980-1990 period, economists’ slumbering interesisitmidutional questions
was awakened. Several theories have been proposed to tamdetise changes.
The most common revolve around skill-biased technologibahge (Berman et
al. 1998), increased competition from low wage countrieegwv 1995), and
institutional changes (Fortin and Lemieux 1997). One psepof this paper is
to augment those explanations by investigating the effedbmestic outsourcing
and domestic sub-contracting on the skill premium.

The massive changes in the U.S.wage distribution durind #7®—-1990 pe-
riod are well documented. Wage inequality in U.S. increasgaidly during the
1980-1990 period due to increases in most of the differemipaments of overall
wage inequality. The skill premium, or returns to educatioicreased, returns
to experience increased and residual wage inequality,emuiality among indi-
viduals with similar characteristics, also increased (§&btalk 1997; Juhn et al.
1993).

Gottschalk points out that “... the increases in the coll@genium are being
driven more by the decline in real earnings of high schootlgeges than by the
increase in earnings of college workers” (Gottschalk 1997,30). Any full
explanation of the changes in the skill premium in the U.$hésefore obligated
to present a plausible case for an absotigereasan earnings of workers with
relatively low education.

The rapid increase in U.S. wage inequality during the 198091period is
unmatched by any European country. Gottschalk and Smeét#8y) summa-
rize the changes in Europe. While the U.K. stands out in thefaan family
by experiencing large increases in earnings inequalitinduthe 1980-1990 pe-
riod, the European experience is in general mixed. Mostnhbuiall, countries
experienced some increases in earnings inequality. Fod&wihe results differ
depending on choices of periods and measurement, but sstreties describe in-
creased inequality (Gottschalk and Smeeding 1997; Guestatsnd Palmer 1997,
Gottschalk and Smeeding 2000; Gustafsson and Palmer 2001).

1.1 Contribution

The contribution of this paper is twofold. On the one handrésents a novel
framework for combining the standard marginal analysts,Ggompetitive wages,
with rent sharing theories where workers bargain over wa@esthe other hand
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it hypothesizes that changes in the skill premium can beagx@tl bydomestic
disintegration of production which prohibits workers wittiferent skill levels to
negotiate with each other over wage rates. In addition, tbdeahinvestigates
what factors cause outsourcing and contracting out. An nlapbproperty of the
framework is that firms operate under uncertainty. This tag®y causes firm
owners to occasionally threaten to shut down or relocatduymion. Employees
are therefore occasionally subject to the risk of unemplaym

Workers can influence firm owners not to shut down the firm bggetiating
wages, i.e. agreeing on lower wages to avoid unemploymemis dssumption
introduces wage bargaining in the model. As opposed to mtmey tabor market
models, workers do not bargain over profits but rather todamoemployment, i.e.
workers bargain over losses.

Firm owners always have incentives to threaten to shutdaefitm in order
to lower wages and thereby increase profits. However, raltiwarkers only con-
sidercredible threats If a firm owner credibly threatens to shut down the firm,
workers agree on lowering wages precisely such that firm osvaee indifferent
between shutting down the firm or continuing production. dilske shut down
threats put workers in a bargaining situation. Workers dopnionarily bargain
with firm representatives since the total reduction of thg@evhill necessary for
firm owners not to shut down the firm is known to all parties.téasl, workers
with different characteristics must agree on the distrdsudf wage reductions.

The model developed in this paper focuses on two types ofevsrkigh-skill
and low-skill. Whether two types of workers, in general, Wdoform a single
union that bargains with the firm representative or bargepasately is discussed
in Horn and Wolinsky (1988). Their results indicate thattkill and low-skill
workers should form a single union if they are substitutdse odel in this paper
is set such that high-skill and low-skill workers bargaireoa fixed surplus. That
is, the maximum total surplus that can be extracted by alkersrtogether does
not depend on whether high-skill and low-skill workers faarsingle union or not.
Therefore itis reasonable to assume that high-skill anedkiworkers form two
separate unions. To see why, consider first the case whéereskijand low-skill
workers form an alliance. In this case the distribution af surplus between
high-skill and low-skill workers is determined by the pmal mechanisms within
the single union. A median voter outcome would dictate theamiy group its
outside option. The minority group would then always leave Borm a separate
union.

Given this basic setting, the model investigates how laleonahd and wages
are affected by firms’ option to default on labor contractg,dso how increased
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utilization of external provision of labor by firms affectage rates and the skill
premium. The reliance of external provision can be categdrinto two broad
categories:outsourcingand contracting out In both cases the final goods pro-
ducer hands over the employment and more or less of the esplegponsibili-
ties to a third party. In the outsourcing case the final gooddycer can be fully
detached from the third party employee, while in the conitngeout case, the final
goods producer provides capital, like office space, mashineoftware tools, to
the third party employee. Henceforth the teinagmentatiorwill be used instead
of outsourcing and contracting out.

In a less fragmented economy more firms employ a mix of higheskd low-
skill workers. Low-skill workers benefit from bargains rea to high-skill work-
ers if firm owners threaten to shut down the firm. Thereforeyt slown threats
tend todecreasehe skill premium in dessfragmented economy.

1.2 Some Supporting Data

The graph in Figure 1 plots the inverse of plant size agahmestskill premium
during the 20th century in the U.S. The correlation is stigki

e 1900-1940: Plant size increased and the skill premium deetk
e 1940-1980: Plant size and the skill premium were relatiablst
e 1980-2000: Plant size decreased and the skill the premiareased.

Needless to say, Figure 1 does not prove that fragmentataraases the skill
premium. First, plant size and firm size are related but nentidal. Second,
firm size and firm homogeneity,with respect to employeesddierent concepts.
However, it seems plausible that in an economy with smahasfithere is a larger
number of homogenous firms. This is also confirmed by KremerMaskin
(1996) who present evidence of a trend where high-skill amdgkill workers are
sorted into separate firms.

Recognizing these caveats, the figure hints that fragmentedn be important
for explaining changes in the skill premium.

1.3 Related Literature

In the discussion of the impact of unions on wage inequdhtgeman and Med-
off (1984) argue that unions favor wage equality becausensayrefer single rate
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Figure 1: U.S. Skill Premium and Manufacturing Plant Size
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The evolution of U.S. plant size during the 20th century ghhi correlated with the
evolution of the skill premium. Both series are indexedtredato 1995. Source:
Mitchell (2005)

wage policies to individual wage policies. Freeman and Mreplat forth a few
arguments: First, because of political mechanisms witiénunion, unions favor
the majority of workers, thereby favoring redistributiventracts. This result fol-
lows, for example, by applying the median voter theorem.o8dcFreeman and
Medoff argue that unions tend to equalize wages due to idezdbreasons favor-
ing worker solidarity and organizational unity. This argemh parallels the brief
discussion in Abraham and Taylor (1996) concerning theipiigg that within
larger and more heterogenous firms, equity motives play @oitant role in the
wage determination process.

Besides favoring single rates across its members, uniadsoedecrease wage
inequality by favoring single rates across firms and indestr None of those
arguments are applicable for this paper since high-skdllaw-skill workers are
members irseparataunions, whereby the political mechanisms within unions are
sidestepped, since all members are identical. Furthery ewerker behaves in a
neo-classical way; that is, every worker acts as if maxingzais or her utility
without any egalitarian considerations. Finally, unions frm specific and do
not synchronize policies across firms or industries.
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Borjas and Ramey (1995) relate to this paper by discussmgnportance of
the distribution of rents for the wage distribution. Thegiol that the industries
that are hurt the most by import competition from less dgwetbcountries are
manufacturing firms earning rents. These firms, accordiri@pigas and Ramey,
employ relatively many low-skill workers. Tougher compietn decreases both
rents and low-skill employment in manufacturing firms. Henthe low-skill
workers are hurt “twice” from increased import competition

The analysis in Kremer and Maskin (1996) shows that if theatian in skill
levels is sufficiently low, it is efficient to match low- andyhi-skill workers in pro-
duction. But with sufficiently large variation in the didiution of skills, efficiency
requires that low-skill workers match with low-skill wonksgg and high-skill work-
ers match with high-skill workers, causing a segregatiofirofs with respect to
skill. With segregation by skill, the skill premium incresssince the two produc-
tion tasks are complementary.

Mitchell (2005) proposes that high-skill workers are sugeo low-skill work-
ers in being able to perform a wider variety of tasks. In th&t faart of the 20th
century, mass production led to larger plants and a highgregeof specializa-
tion. The demand for high-skill workers diminished as ewgoyker was required
to perform a smaller number of tasks. As a result, the skdhpum decreased
during the first half of the century. During the last part o @0th century new
production technology decreased the cost-efficient plemet and increased the
demand for workers who are able to perform a wider variet@asks, thereby in-
creasing the demand for high-skill workers. The increassadahd for high-skill
workers during the second half of the century increasedkitigpsemium.

Caroli and Van Reenen (2001) use British and French micra tainvesti-
gate the impact of organizational change on the demand gr-$kill and low
skill-labor. Their definition of organizational changetstanot only that employ-
ees must perform more tasks but also includes flatter orgaomal hierarchies,
implying that employees face more responsibility and havevdrk more inde-
pendently. This supposedly benefits high-skill workerscoG@and Van Reenen’s
analysis indicates that there is a complementarity betweggnizational change
and skill.

Acemoglu et al. (2001) focus on the distribution of rentsheeytbuild a model
where high-skill and low-skill workers bargain over renksowever, they do not
model vertical disintegration as a choice of firm owners hstead focus on skill
biased technological change, increasing high-skill waakgains from switching
to specialized firms, thereby undermining the possibilityldow-skill workers to
specify redistributive wage contracts.
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Harrison and Bluestone (1988) connect U.S. firms’ increasedf contingent
workers, i.e. temporary employed and third party workeyshe deterioration of
low-skill workers’ wages. Contingent workers are in geh@aid lower wages
and receive less insurance benefits (Kalleberg et al. 1984).

The analysis in this paper can be seen as extending the enail\Zap (1993),
who integrates unionized workers into two groups — men anch&o Standard
bargaining theory is applied, highlighting that bargagnstrength and outside
options determine the wage differentials between men amdemo This analysis
puts Sap’s analysis into a broader context and replacestiskeg distinction with
a skill distinction.

Thesmar and Thoenig (2004) hypothesize that increaseoh&atation can be
linked to financial liberalization. Financial liberalizat diversifies shareholder
portfolios, thereby reducing the cost of risk, ceterisipasi Shareholders demand
more risky assets, relative to the expected returns, and fiespond by relying
more heavily on external provision of intermediate goods.

In Burda and Dluhosch (2002) firm’s choice of fragmentat®emndogenous.
By disintegrating the production chain, demand for comroaton and coordi-
nation services, produced solely by high-skill workergr@ases but the variable
marginal production cost decreases. Burda and Dluhosch #iat in the long
run, if the growth rate of high-skill workers exceeds thevgitorate of low skill
workers, fragmentation increases, and the skill premiwreiases.

1.4 Outline

In Section 2 the basic properties of the model are presemtezisection describes
the endowments, and parts of the institutional settingti®@e@8 presents the fun-
damental setup and some general results. Section 4 anéilygesn more detail
and derives the necessary expressions to analyze the imigfaagmentation on
the skill premium. Section 5 discusses the possible stdatly squilibria and ver-
ifies the hypotheses of the paper. Section 6 summarizes theds Appendix A
contains a list of symbols used, Appendix B and Appendix Cglement Section
4 and Section 5 with some mathematical derivations.

2 Model

This section describes the fundamental parts of the modableTL depicts the
general logic for subscripts used to categorize differemtables. Indices over



Table 1: Subscripts

Subscript Indicates

i In-house Firm
Fragmented Firm
Specialized Firm
High-Skill
Low-Skill

— O wnw —

a continuum are written in parentheses. All symbols aredish Table 3 in Ap-
pendix A. Random variables are marked-py 0r -, depending on the information
available. An upper case symbol is used for stochasticbi@savhile lower case
symbols are used to denote a particular realization of tinesponding random
variables. Upper case letters are also used to denote aggrggantities while
lower case letters are also used to denote micro quant8igsbols marked by

are derived from an optimization problem.

2.1 General Setting

Consider an economy with a single consumption goodYtlgood. There is a
continuum of firms selling a distinct variation of tivfegood. TheY good is as-
sembled using two other goods: tiegood and theZ good. TheX good is
produced using high-skill labor, and tAegood is produced using low-skill labor.
Firms that employ workers and produce both ¥handZ goods (which are nec-
essary to assemble tNegood) are labeleth-housefirms. Firms that do not hire
any labor but purchase thé andZ goods, which are necessary to assemble the
Y good, fromspecializedirms, are calledragmentedirms. Naturally, asserting
that fragmented firms hire no labor, is a crude charactéoizaif firms relying
more heavily on outside contractors.

2.1.1 In-house Firms

There is a continuum ah-housefirms with rangeK;. Every in-house firnpro-
ducesand sells a distinct variation of the consumption good. dade firms pro-
duce both intermediate goods, i.e. both ¥agood and th& good, necessary to
assemble th¥ good. To denote the quantity of tiegood sold by th&th in-house
firm, the notatiory; (k) is used. The corresponding price is dendig#).
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2.1.2 Fragmented and Specialized Firms

There is a continuum of firms with rand& that only assembleand sell theY
good. Those firms are label&égmentedirms. Fragmented firms purchase in-
termediate goods, thé andZ goods, necessary to assembleYhgood. Firms
producing either aiX or aZ good, but not both, are callexgpecializedirms. To
denote théth fragmented firm’s output of thé good,ys (k) is used, and its price
is denotedPs (k).

2.2 Consumers’ Preferences

The representative consumer does not care whether or nobtiseimption good

is sold by an in-house or a fragmented firm, hence from thewuss point of
view there is a continuum of variations of tifegood with rang&; +K;. Due to a
preference for variety, consumers are biased towardsdipgetheir consumption
across all the different variations of tNegood, thereby providing producers with
some market power. L€ denote the amount the representative consumer spends
on theY good. The representative consumer behaves as if maximizing

Ki . Ki 3
[0 dtom(9Pak [ df<k>yf<k>13dk} :

subject to the budget constraint

Ki Kt
c = [ "Blow(dkt [ pr(ye(kidk

The first integral in the objective function sums the utiligrived by consuming
different variations of thé&f good, sold byin-housefirms. The second integral
sums the utility derived by consuming different variatiafisheY good, sold by
fragmentedirms. Demand uncertainty is modeled using the stochastitade
variablesD; and D¢, and the consumer preference for a variation of the good
depends on the realizations of those demand variathlés,andds (k). Consumer
preference for variety is parameterizedy [0,1). If B equals zero, consumers
only purchase the cheapest variation of Yhgood, given that the realizations of
the demand variables are equal.

The first integral in the budget constraint sums the reptatiga consumer’s
expenditures on all th&; different variations of ther good sold byin-house
firms. The second integral sums the representative con&iex@enditure on the
K; different variations of th& good sold byfragmentedirms.
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Demand uncertainty is modeled using the stochastic vasahlandD;, with
appropriate indices. That is, the demand for every vamatibtheY good is
stochastic. Demand shocks are deviations from expectedmtbnThe stochastic
demand variables are uniformly distributed with an expgtetdue of 1 and range
2A. The cumulative density function is therefore:

d—(1-4)

Fi(d) = Fr(d) = — 0<A<1. (1)

Solving for the inverse demand functions yields:

B d(k

welokl © AK= S| 4 @a)

R dr (k)
vke (0K Br(k) = M e @)

B
[S] = — c T (2¢)
P Ki x diyi1*B+Kf X dfny

Relations (2a) and (2b) together with (2c) provide the iseetemand func-
tion for every firm in the model. Thp variable is a price index. Since there is a
continuum of firms, the price index is unaffected by each Brprice and quantity
choice and is therefore taken as given by each firm. The a@eraghe expres-
sion forp are taken over the continuum of in-house firms and the comtmaf
fragmented firms.

Notice that a demand shock by some percentage increasesiesygy; or
P:Ys, by the same percentage, independent of the productiols)gyver y;. This
in turn implies that even though the revenue function is ewaavith respect to the
production level, the revenue function is linear with retge the demand shock.
Hence a mean preserving spread in demand changes neithexpbeted profit
rate nor the size of the firm, if the firm owner is risk neutrati @anust commit to
an employment choice prior to the realization of the demémuatls.

2.3 Firms’ Technology

The production of th&’ good requires two intermediate goods: ¥eood and
theZ good. The production of the (Z) good requires high-skill (low-skill) labor.
The production functions for th€ andZ goods are:

x=h z=I. (3a)
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That is, one unit of high-skill labol, produces one unit of th€ good and one
unit of low-skill labor produces one unit of tiegood.

The production of th& good is described by the Cobb-Douglas production
function in theX andZ goods as:

y = x0z27° (3b)

2.4 Institutional Setting

The following paragraphs define the different institutiosettings for in-house
and fragmented firms. Both firms are of course subject to theesastitutional
constraints, but the different ways of organizing produtimplies some differ-
ences.

In-house Firms In-house firms and their employees are limited by institwdio
constraints. In-house firms post skill specific job vacascesther high-skill or
low-skill. It is assumed that firms find it easy to fill vacargigith workers with
appropriate skills, while workers find it costly or time cansng to find em-
ployment. However, once contracted, in-house firms carfiootyhatever reason,
replace or dismiss workers, during the contract periodessworkers threaten
to strike in order to increase their wages. Employers andl@meps agree on
one period contracts. Hence, firms cannot decrease produetiels by changing
employment during the period.

During the contract period, firms are subject to a demandkshBitm own-
ers cannot change employment or lower wages during theamimeriod without
incurring a prohibitive cost, but firm owners always havedp&on to shut down
the firm instantly and thereby avoid paying wages for the rede of the con-
tract period. Naturally, workers suffer if the firm is shutwg since unemployed
workers cannot find work instantly.

To simplify the analysis, the following assumptions are mdeirst, since it is
easy for firms to recruit employees, workers and firm ownerseagn competitive
wage rates, i.e. standard wage rates determined by mapyodctivity.

Second, a demand shock is not realized at any arbitrary potithe during
the contract period, but immediately after signing wagdm@mts. The assumption
magnifies the effect of demand uncertainty, but does nat @ltalitative results.

Third, firm owners are not allowed to increase productiontaedeby employ-
ment during the period, even if the realization of the demstmatk is favorable.
This assumption is made only to simplify the analysis butlzamationalized by
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Figure 2: Sequence of Events for In-house Firms

\

Firm Alive Firm Alive
t=0 t=1

~

Unfavorable - Wages
Demand Shock “| Renegotiated

Favorable
Demand Shock

If the demand shock is favorable, the firm produces as planhdtk realization of the
demand variable is unfavorable, the in-house firm's emm@sye-negotiate lower wages
and the firm produces as planned. The sequence of eventeaedpn the next period.

assuming that new workers need some training before begopnaductive. Note
that firm owners still benefit from favorable demand shockthasprice of their
good increases.

Fourth, high- and low-skill workers do not bargain over eoyphent in order
to save the firm. This assumption is not unreasonable sinckevgfind unem-
ployment costly.

Figure 2 illustrates the sequence of events for an in-housaliiring a single
period. First, firms employ workers and agree on the comypetiwage rates.
Second, the demand shock is realized. If the demand shoakasable, the firm
produces as planned but if the demand shock is unfavoraigle;skill and low-
skill workers renegotiate wages, and the firm again prodaseglanned. This
sequence of events is repeated every period.

Notice that a demand shock is considered to be favorablesifitm owner
does not threaten to shut down the firm. The probability tHistaowner does not
threaten to shut down the firm is deno®@d Q; is endogenous and derived from
the behavior of rational firm owners, maximizing the disdealprofit stream.

Fragmented and Specialized Firms Each specialized firm sells its good, either
the X good or theZ good, to a continuum of fragmented firms. To make the
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analysis as simple as possible, it is assumed that fragohéintes can purchase
the X andZ goodafter the realization of the demand variable. This is reasonable
only if the X andZ goods are homogeneous, i.e. identical across fragmemntes fir
and transport costs are negligible.

While this assumption is questionable it simplifies the psialbecause it is
possible to apply the mean value theorem for the demand sHackd by frag-
mented firms. That is, the demand shocks of the differentfeaged firms even
out and each specialized firm faces a certain demand. Sieatethands for the
X andZ goods are certain, employees of specialized firms neverdlag&lown
threats and never renegotiate wage rates.

It is however worth pointing out that it is not the lack of sthoivn threats for
specialized firms that drives the results derived aheadawsxspecialized firms
employ either high-skill or low-skill workers but not botlgnegotiating wages in
specialized firms would not have any redistributive effect.

3 Intermediate Results

The following sections present some general results gowgihe decisions of
firm owners and workers. Due to the generality of the discussbme terms,
such as profit rates or investment costs, are not formallyeefor properly sub-
scripted. Formal definitions and proper subscripts follovater sections where
the results, derived in this section, are applied.

3.1 In-house Firms

Starting a firm requires a capital investment;ofThe depreciation rate of capital,
whether used or not, i& The demand for the firm’s product is uncertain, due to
the market demand shock. It is assumed that firm owners abseewealization
of demand shocks after hiring employees. The owner of a fimrsbait down the
firm in order to avoid paying wages, knowing that variabletsogll exceed rev-
enues. The possibility for firm owners to terminate operetigives the model a
foundation for wage bargains which is a central feature @sgtup and necessary
to derive the results.

Owners of in-house firms and workers employed by in-housesffane two
possible scenarios in every period. Either the firm ownezdtans to shut down
the firm and workers renegotiate new wages, or the firm ownes dot threaten
to shut down the firm and workers are paid the wage agreed upbe beginning
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of the period. Uncertainty arises because the demand fan-theuse firm’s good
is uncertain. This uncertainty carries over to profit and eveafes, to price, as
well as to revenues.

There exists an endogenous firm-specific threshdjdsuch that if the re-
alization of the stochastic demand variatik, is greater than or equal to this
thresholddi > dj, then the firmdoes nothreaten to shut down the firm. Note that
the “notation is used fooTi since it is a realization of a stochastic variable. The
thresholdd; on the other hand is non-stochastic and therefore not mérked

If the realization of the demand variable is less than thisghold,d; < d;,
then the firm ownedoesthreaten to shut down the firm. In the latter case, workers
renegotiate wages to motivate the firm owner to continueasfmers and not shut
down the firm.

Demand uncertainty is described by the firm-specific staahaariableD;,
which is uniformly distributed with mean 1 and rang® Z’he cumulative density
function forD; is denoted byF (-) and is given by (1). Given the threshalg the
probability that the firm owner does not threaten to shut dsan- F (d;). From
here on this probability is denoted by:

Q = Prob(d; > dj) =1-F (dj). (4)

It follows immediately that the probability that the firm oamdoes threaten to
shut down the firm is + Q; = F (d;).

Due to the stochastic demand, the profit rate,the wage ratesM, the price
of the good,ﬁ, and firm revenueR, are also stochastic. In the derivation that
follows it is often convenient to rewrite expectations cibiethally. For example
consider the expected value of the wage r&g\\ } :

E{W} = QE{W|d >di}+(1-Q)E{W|d <di}.

Here,E {V\/I ]d~. > di } is the expected wage rate given that the firm owner does not
threaten to shut down (that is, it is known that the realoratf the demand vari-
able,d;, is greater thanl;) andQ; is the probability that the firm owner does not
threaten to shut down the firm; see (E){V\/. \d~. < dj } is the expected wage rate
given that the firm owner threatens to shut down the firm andevrsrrenegotiate
wages. This happens onlydf < d;, which occurs with probability + Q;; again
see (4).

Because it becomes cumbersome to write the conditionatéxipen operator
everywhere, the following notations are us&d.denotes the wage rate, which is
stochastic\M denotes the wage rate given that the firm owner does not émréat
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shut down the firm, and denotes the wage rate given that the firm owner does
threaten to shut down the firm. Given these definitions, theeeted wage rate
can be written as:

E{W}=QE{W}+(1-Q)E{W]}. (5)

The wage rate was used as an example above, but the samematabnven-
tion is used for the profit raté];, firm revenueR;, the price of the good®, and
the demand variabld);. To summarize; and-"are used to distinguish the sce-
narios where the firm owner does not and does threaten to skt the firm,
respectively. In terms of information setds’used if the only information given
is that the firm owner does not threaten to shut down the firm-@dsed if the
only information given is that the firm owner does threatestot down the firm.
Of course this notation is only meaningful before the resdion of the stochastic
demand variable is known. Once it is known, there is no uagdst about profit
rates, wage rates, or firm revenues and given the notatiosention stated earlier,
lower case letters are used.

It is possible to simplify the analysis further by noting fiolowing. First, if
the firm owner shuts down the firm, the profit rate is simply gq@acement cost of
capital. If the firm owner threatens to shut down the firm, veoskwill renegotiate
wages such that the firm owner is indifferent about shuttiogrdthe firm and
keeping it alive. Therefore, the profit rate given that theafowner threatens to
shut down the firm is simply-dl;, i.e. the replacement cost for capital.

Second, given that the firm owner does not threaten to shubdbe firm,
wage rates are not renegotiated and thereby not affectduelgalization of the
demand shock. Therefore the wage rate given that the firmmass not threaten
to shut down the firm is simplw. Note thatw is determined at the start of the
period and hence it is not stochastic.

The profit rate with respect to time is a stochastic variabnoted byf;.
Given the realization of the the demand shaf;kthe owner of the firm can either
shut down the firm, with aon-stochastiprofit rate—al;, or keep the firm alive,
with the given profit ratey.

Let Vi denote the value of a firnafter the outcome of the demand shock is
realized, lefp denote the discount rate, and\&f denote the value of the firm in
the next periody;satisfies:

/% |di > di i
E{Vild>di} ! } 6)

I.
1+p ) 6I+

Vi :max{fu+ i o
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The first member of the set is the value of the firm given thabtkeer, know-
ing the realization of the demand shock, decides to keeprthefive. The second
member of the set is the value of shutting down the firm.

If the owner decides to keep the firm alive, the instantanpoois received is
i plus the discounted continuation value. The continuatauaeiseE {V/ \dNi >d; },
which is the expectation operator, conditioned on the mfaron that the firm
was not shut down. However, it is assumed that demand shoelsesally un-
correlated. Therefore, it is possible to repl&éV/ |di >di} by E{\}, i.e. the
unconditional expectation operator.

If the owner decides to shut down the firm, he or she earns prodi, before
selling the capital, wortly, at the end of the period.

The continuation value, keeping the firm alive, is the exgigah of the next
period value)V;. The expectation operator is necessary since the demahé in t
next period is unknown in the current period. However, iniguum, the ex-
pected value of owning a firm must equal its investment cdsterefore:

E{Vi}=I,. (7)

Hence, in the steady state equilibrqu{\?i} = E{Vi} in (6) can be replaced by
li. Simplifying this implies:

V = max{Tg, —9l; SR 8
{1 i} 1+p (8)

Naturally, the owner threatens to shut down the firm only if:
M < —0l;. 9)

The profit rate if the firm owner does not threaten to shut ddvin,is written
in lower case letters since the firm owner makes the decidiavhether or not
to threaten to shut down the firm when the realization of tmeloan variable is
known, so that the profit rate 7%.

Qi denotes the probability that the firm owrgdwes nothreaten to shut down
the firm. Theexpectedralue of owning a firm in terms of conditional expectations
can be found by rewriting (6):

AT

BV} = Q| E{Mi}+ ==

] +(1-Q) [—6“ - ﬁ'p} . (10

Thatis,Q; is the probability that the firm owner does not threaten ta dbwn and
is defined endogenously from the condition in (B){I'I} is the expectation given
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that it is known that the firm owner did not threaten to shut dake firm. That
is, the realized profit rate is greater than the profit ratheffirm owner threatens
to shut down, i.efg > —dl;. N

Simplifying E {V;} using the steady state equilibrium conditi&V; |d; > d; } =
E{Vi} =i implies:

E{vi}:—[Q.E{n} (1-Q)dli] =1 (11)

Notice that in a world without uncertainty and continuounsdj this condition
reduces tat/p = l;. Remember that this condition stems from the steady state
equilibrium conditiorE {V;} = I;, and holds due to free entry. New firms enter or
leave at a rate such that the value of starting a new firm isyawaro. Solving
for E{N;} gives:

E{Ni} = 1133)(é+p) . (12)

3.2 Workers

The economy is populated By + Hs high-skill workers and.; + Ls low-skill

workers. TheH; high-skill workers are employed by in-house firms, andlthle
high-skill workers are employed by firms specialized in prodg intermediate
goods necessary to assembleYhgood.L; andLs are interpreted analogously.

3.2.1 In-house Workers

While the losses of firm owners are limited by the deprecmatibcapital and fore-
gone interest payments, workers are left without any wagelpats if the firm is
shut down. By assuming that unemployment benefits are p&ydfomorkers are
unemployed at the beginning of the period, workers and firmes&always reach
an agreement in order to save the firm. Therefore workersyahaacept lower
wage rates in order to assure that the owner does not shutttieviinm.

The firm owner acceptiossedess than the capital replacement colst see
(9). Profits are defined including capital replacement cdb#t is, revenues mi-
nus the wage bill minus capital replacement cobtts= R, —wh — dl;. The owner
therefore shuts down the firmif< wb, i.e. if the revenue realization is insuffi-
cient to cover variable costs. Again, lower case lettersugesl in the condition,
since firm owners base their decision on the realizationwdmaes and the non-
stochastic wage bill.
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To save the firm, workers must agree on wage rates such that eesgs are
covered by revenues. Utility maximizing employees natyi@jree on wage rates
such that the owner is indifferent about shutting down thne &ind keeping it alive.
That is, workers renegotiate wages such that wage costs esyeaueswb = 1.
Therefore, the firm is never shut down.

The wage rate paid to workers depends on whether the firm asnsslined
to shut down the firm or not. Expected wages of workers satisfy

E{W} = Qw+(1-Q)E{W}. (13)

The expected wage rate for workers is simply the sum of theaepl value if
the firm owner does not threaten to shut down and the expeeted if the firm
owner threatens to shut down, weighted by the appropriatkgmilities. From
(9) it is clear that the firm owner threatens to shut down if anly if 75 < —dl;,
which occurs with probability + Q;.

The wage rate paid if the firm owner does not threaten to shahds non-
stochastic and the expected value, conditioned on thenrd#ton that the firm
owner does not threaten to shut down is simgly

Given only the information that the firm owner threatens tatstown the firm,
i.e. thatfy < —dlj, there is a range of possible realizations for the demaridiar
satisfying this condition. Each such realization implieféerent wage rate if the
workers of the firm agree on lowering their wage rates. Tloeesthe wage rate,
if the firm owner threatens to shut down, is stochastic an@xpectation must be
conditioned on the information thét < —dl;, hence the use & {W.}

3.2.2 Bargaining Positions

In the Nash solution to the bargaining problem, the diffeesibetween the parties’
outside options is the major determinant of the outcomerdeito determine the
outside option of high-skill workers and low-skill workeesrery worker’s lifetime
utility, employed and unemployed, must be derived.

There is frictional unemployment, implying that unempldyeorkers cannot
find employment instantaneously. An unemployed workeriveseunemploy-
ment benefits. The unemployment benefit is a fractignof the worker’s aver-
age, i.e. expected, wage. Therefore the unemployment beneafE {W }. Note
that an unemployed low-skill worker receives a fractionlod tiverage wage of
low-skill workers, while a high-skill worker receives a ¢&tsgon of the average
wage of high-skill workers. In both cases this fractiorujs Let E{J;} denote
the expected discounted lifetime utility of a currently dayed worker , and let
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E {U;j} denote the expected discounted lifetime utility of a cufseanemployed
worker. In steady stat& {J;} andE {U; } satisfy:
E{J}

E{J} = E{WH‘ﬁp (14a)

E{U} = WE{W}+ GE{J‘}+fi;e)E{U‘}-

(14b)

Employed workers are paid the stochastic wage\\i@nd the expected con-
tinuation value isE{J;}. Note that firms are never shut down due to adverse
demand shocks, since high-skill and low-skill workers alsveeach an agreement
on lower wages. The unemployed worker receives unemploybesrefits equal
to u,E {W}, becomes employed in the next period with probab#ityand stays
unemployed with probability + 6. The8 coefficient parameterizes the matching
quality in the labor market. Solving fdt {J} andE {U;} implies:

EQ) - T PEW) (158)
N uputﬂre
EU) = PP RE W), (15b)

This specification implies a logic inconsistency. If workelo not face any
risk of becoming unemployed, in the long run the economy roasverge to full
employment. The common solution to this problem is to addxagenous shock
such that the firm is shut down with some exogenous probgbilihe analysis
in this paper can easily be extended in that direction witlsbanging any of the
results. However, to minimize the notation this is not dare] this inconsistency
is overlooked.

3.2.3 In-house Bargaining

If an in-house firm is about to be shut down, high-skill and Hskill workers
negotiate new wage rates via union representatives in codaiotivate the firm
owner not to shut down. Let denote the revenues to be distributed among high-
skill and low-skill workers. The lower case notation is us@tte negotiations are
done ex post the realization of the demand variable and tteue of the firm is
known to all parties. The outcome is described by the Nagltisol for the bar-
gaining problem wherg denotes the bargaining power of high-skill workers, and
1 — y the bargaining power of low-skill workers. The share of rawes captured
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by high-skill workers,y*, is the share of revenues which maximizes the Nash
product:

. i E{J} —E{Uh}
Y= argqrjnax ylog o + 1+p
— “i E{J} —E{U;
(1-y)log (a |i i B4 }1+p{ '}]. (16)

The expected lifetime utility can be decomposed into aramstneous pay-off
and a continuation value. The instantaneous pay-off fandsigll workers, if the
parties reach an agreement,jistimes the revenues of the firm;, divided by
the number of high-skill time units employeld, The continuation value is the
discounted lifetime utility being employed.

If the parties cannot reach an agreement, the firm is shut @mdrthe high-
skill worker becomes unemployed. His or her continuatiolueand expected
discounted lifetime utility is in this casg {U,} /(1+ p), which is the threat
point of high-skill workers. This specification is a conseqae of the assumption
that unemployed workers do not receive any unemploymenrgftierthe period
they become unemployed.

Given thatp denotes the share of revenues captured by high-skill weykes
share of revenues captured by low-skill workers is . The interpretation of
the second term, i.e. the bargaining position of low-skibirikers, is analogous.
Solving this problem forp*:

E{J}-E{U;} E{J.} —E{Upn}
RS A AL TS T

In steady statefE {J'} = E{J} andE{U/} = E{U;}. ReplacingE {Jj,
E {Ulh} andE {J} } — E{U; } using (15a) — (15b) simplifies the steady state bar-
gaining outcome such that:

W* = y+Vi

E {Wh}

(P+6in)fi (18)

V= YL Ul g~ (1Y) uh

4 Firms Revisited

The following sections derive the optimal management ofgjror how to maxi-
mize the rate of profit given the firm owners decision of whethaot to produce.
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Hence, derivations in the following section pin down the 8ayenerated by firms,
such as profit, wage, and employment rates. This is in cdritvdbe problem of
the firm owners, such as whether or not to keep the firm alivel@mmato invest,
which was analyzed in previous sections. It is assumed hiea¢ tis no conflict in
the objectives of owners and managers, so those words casedanterchange-
ably.

The first sub-section analyzes in-house firms, while the re®b-section
analyzes fragmented and specialized firms. In-house firms gammit to an
employment choice ex ante the realization of the demandkskhdtle fragmented
firms purchase intermediate goods ex post the realizatitimeademand shock.

Quantities referring to in-house firms are subscripted by and quantities
referring to fragmented firms are subscripted bfy. @Quantities derived from an
optimization problem are superscripted sy As before, -”and -~ are used to
distinguish scenarios where firm owners do not threatenubddwn the firm and
where firm owners do threaten to shut down the firm, respdygtive

4.1 In-house Firms

The choices of in-house firm owners involve shutting downfime or keeping
it alive. The firm owner must commit to an employment choideno deciding
whether or not to threaten to shut down the firm. This is a nealsie assumption
if demand changes frequently, relative to the turnoveraateorkers.

Before deriving the optimal choices of firm owners, rementhat the profit
rate if the firm owner shuts down the firm is the non-stochastpstal replacement
cost, equal te-dl;. Given that the firm owner does not threaten to shut down the
firm, the wage rate for high-skill workers is non-stochaatid equalsvi,, while
the wage rate for low skill workers, which is also non-statl@ isw; .

In-house firms produce the andZ goods by hiring high-skill and low-skill
workers. Augmenting the production functions in (3a) byi aubscript for in-
house firms gives

x=h z=I yj=x'z2"¢ (19)

whereh; is the firm’s total use of high-skill labor arigis the firm’s total use of
low-skill labor. The firm owner maximizes the expected prddte:

E{M} = QE{Ni}y—(1—Q)dl.

The first term captures the expected profit rate, if the firmavdoes not threaten
to shut down the firm. The second term captures the non-sttichpaofit rate, if
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the firm owner threatens to shut down the firm. The profit rateaffirm owner
does not threaten to shut down the firm is

[ = Py —winhi — wj I — 3l;

where the inverse demand function, given by (2a), restti@sowners feasible
choices ofy;. The price of the consumption good is written in upper caseesi
it, via (2a), is stochastic. Note thgtis certain since the firm owner can control
the number of workers to employ and thereby the output of ting, faence also
h; andl; are non-stochastic. Even though the wage rates are stagliastwage
rates conditional on the firm owner not threatening to shutrgare not. Hence
Wwinh andw; are used.

The problem for the firm owner is complicated by the fact thatprobability
that the firm owner will not find it optimal to threaten to shuiwh the firm,Q;,
depends on the choice of employmemtandl;. That is, a rational firm owner
must take into account the impact of his or her employmenicehtoday, on the
probability that he or she will threaten to shut down the fiminlg the period.

There exists a minimal realization B, the stochastic demand variable, such
that the firm owner is willing to keep producing. This threshealue, denoted;,
is defined by relation (9) as:

1L = -0l . (20)
di =d

The probability that the firm owner is not inclined to threate shut down the
firm, givend;, is simplyQ; = 1— F(d;j). The cumulative density functioff(-),
is in turn given by (1).

4.1.1 Employment and Firm Size

The problem solved by the firm owner in order to determine egrpknt of high-
skill and low-skill workers becomes:

max [1—F(di)] [E {P} i —Winhi —w 1i] — 8l;
di, hi, li
st. (2a), (19), (20).

The wage rates for high-skill and low-skill labor, taken ageg by the firm, are
denotedw;, andw;, respectively. These wage rates are called the competitive
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wage rates and are paid to workers, only if the firm owner aecitd keep the
firm alive. Due to capital depreciation, the firm owner musg ph to replace
depreciated capital.

The solution to this problem is derived in Appendix B and timéque maxi-
mizing choice of(d;, hj, ;) is:

(1-B)(1+A)
di = { 1+B+A p<a (21a)
1-A B>A
B 1-(1-a)(1-B) 11 _ o7 (1-0)(1-B)
S N s
B a(1-p) 1-a(1-p)
B _ _ % 9 o 1__0(
R B)E{D,}M M [W} @l

As is shown in Appendix B there are two solutions. If the vidoiain demand
is small compared to the degree of market power; (3, firm owners never find
it optimal to exercise the option to shut down the firm. In ttésed; = 1— A,
Q' =1landE{D;} =E{Di}=1.

The more interesting case, where firm owners occasionadiscese their right
to shut down the firm, applies in the opposite case, when thatian in demand
is large compared to the degree of market power, ,[8.ec A. In this case the
firm owner threatens to shut down the firm if the realizatiorDpfis less than
di =(1-PB)(1+A4)/(1+B) andE {Di} > E{D;}.

This of course implies that market power in the product mizskelters work-
ers from variation in wages, i.e. risk, and can be welfarerowing if insurance
markets are absent and workers are risk averse. Given théosithreshold,
df, itis possible to compute the different conditional exp&ons of the demand
variable:

=01} = E{D} | :{?—ﬁ - (222)
. . Lpa
E{D} = E{D) . :{ I Eii. (22b)

A firm owner threatens to shut down the firm with probability ©Q;, i.e. only
if di < di. The probability that the firm owner does not threaten to stmwn
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the firm is therefore + F (d"). From the definition of the cumulative density
function in (1), and the solution to the profit maximizatioroplem in (21a), it
follows that:

1+A B
Q= Q ={TFB b<a (23)
d: 1 B>A

This implies that as demand uncertainty increagesldser to unity), the proba-
bility that firm owners pay the competitive wage rate deagsadHence, greater
demand uncertainty tends to increase the competitive watgebut also to de-
crease the probability that the worker receives the conpetivage rate. The
neatest property d@; is that it is independent of endogenous variab{@sonly
depends on two parameters: the variation in demanénd the preference for
variety, 3.

It is difficult to predict the effect of greater market powee. more prefer-
ence for variety, on the size of the firm singés present in the exponents in the
expressions foh; andl;. However, an interesting result concerning the effect of
shutdown threats and firm size is easily obtained:

Proposition 4.1.1 (Firm Size and Demand Uncertainty)If firm owners have the
option to shut down the firm in order to avoid variable costs, paying the wage
bill, greater demand uncertainty\(greater) implies larger firms.

Proof The result that firm size increases with demand uncertasnéasily veri-
fied by noting that the derivative &f andl; with respect ta\ is greater than zero.

It might appear surprising that firm size increases with uaggy. However,
as noted in Section 2.2, the revenue function is linear vaipect to the demand
shock. This in turn implies that the risk neutral firm ownerthout the option
to shut down the firm, is not affected by a mean preservingasbine demand.
Hence, if the variation in demand increases, this firm owm@&sdcot change the
employment level, and the expected profit rate stays un@thng

However, given the option to shut down the firm, the expectefltpate must
increase, or at least not decrease. This follows becaugerthewner can choose
to ignore the option to shut down the firm. However, as is shawove, the
firm owner does indeed occasionally utilize the option totgtawn the firm, if
B < A. By hiring more workers and threatening to shut down the fimroase of
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sufficiently low demand, the firm owner can increase the ebgoeprofit rate. If
B > A the firm owner never threatens to shut down the firm.

Hi andL; denote aggregate employment of high-skill and low-skiltkevs by
in-house firms. Becaus® andl|;" are identical across in-house firms, no variable
on the right hand side is firm specific. The competitive wagesrare easily
obtained by integrating labor demand over the range of usbdirms and solving
for wi, andw;

N T
Win = G(l—B)E{Di*}qi{%} IK: ] (242)
. B[ yao 1-a 1-p
W = (1-a)(1-BE{D} H% e ] (b

These wage rates are called competitive since they areedeiiom the demand
of profit maximizing firms, taking the wage rate as given. Heerethey are not
identical to wage rates on perfectly competitive marketsesifirms do not take
the price of their output as given. The relative competitixage rates reduce to
the standard Cobb-Douglas case where the relative wagteisrdeed by relative
employment and the elasticity of substitution between {sigh and low-skill
labor.

The wage rates are easily interpreted. Given the Dixit aigli@tpreferences,
workers are paid a share of revenues equaHd@1lwhile firm owners receive the
remaining sharef}. Due to the Cobb-Douglas production function, high skill
workers, as a group, receive a fraction equatitevhile low-skill workers, as a
group, receive the remaining part, as will be clear below.nd¢e competitive
wage rates increase one-to-one with expected productiviys in turn implies
that the competitive wage rates increase with greater démnacoertainty, i.e A
closer to unity. The interpretation is straightforwardwgfreater variation in de-
mand, the threshold for not threatening to shut down the rmgher; see (21a).
Therefore the expected competitive wage rate is highes. dt course important
to remember that changing demand uncertaifttyalso changes the probability
that the firm owner does not threaten to shut down the firm agd tee workers
the competitive wage rates.

4.1.2 Entry and Exit

The expected profit rateé {ﬁi} can be reduced using the competitive wage rate
expressions, (24a) and (24b), together with the symmemnipl@/ment condi-
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tions,h; = Hi/K; andl; = L; /K;:

E{A) — PBE{D!) {S]B

1-B
aj 1-a
HL — Ol;.
p

Ki

New firms enter or existing firms leave the market unless tteevaf owning
an in-house firm equals the initial investment cost. Thisucgeanless (12) is
satisfied. The steady state equilibrium number of in-houswesfis be:

1 B
% Nk 1+p e C|P aj 1-a
G = [pREB g ) gl U @9
This relation provides a necessary condition for detemgrthe number, i.e.
range, of in-house firms in the steady state equilibrium.aBse capital can be
resold if the firm is shut down, the only real cost of startinfira is the capi-
tal depreciationd > 0, and the inter-temporal cost of giving Upwhile the firm
is operating. The latter cost hinges pn> 0. Without depreciation and without
impatience,p = 6 = 0, the cost of starting a firm is zero, and the steady state
equilibrium number of firms must equal infinity, 1.k — oo.

The following results are easily verified and most of themianaitive:

¢ Higher investment costs decrease the number of firms.

¢ A higher rate of depreciation decreases the number of firms.
e More impatient investors decreases the number of firms.

¢ More demand uncertainty decreases the number of firms.

The first three results are intuitive while. The last ressiam equilibrium result.
There is a fixed number of workers and more demand uncerteiotgases the
firm size, hence in equilibrium the number of firms must deseeaThe effect
of greater market powef} greater, is again ambiguous singeappears in the
exponents in (26).

4.1.3 Wages

If the firm owner does not threaten to shut down the firm, the petitive wage
rates, denotedvi, andw;, are paid to high-skill and low-skill workers. These
wage rates are non-stochastic but depend on the variatidenmrand A, and the
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preference for variety, i.e. the degree of market povger,If the firm owner
credibly threatens to shut down the firm, high-skill and Iskil workers negotiate
new wage rates. The negotiated wage rate for high-skill ersris stochastic and
denoted by\f, and the negotiated wage rate for low-skill workers, alsolsastic,
is denoted by .

The expected wage rate of high-skill WorkeE{Wh}, is the probability
that the firm owner does not threaten to shut down the fin,times the non-
stochastic competitive wage rate,, plus the probability that the firm owner
threatens to shut down the firm-1Q;, times the conditional expectation of the
stochastic negotiated wage raEe{Wh} The expected wage rate for low-skill
workers,E {W; }, is analogous. Therefore:

E{Wnh} = Qwn+(1-Q)E{Wpn} (273)
E{MWi} = Qw +(1-Q)E{W}. (27b)

The firm’s revenue is stochastic and denod Because all in-house firms are
ex-ante identical, they employ the same amount of high-akdl low-skill labor
units, namelyH; /K; andL; /K; respectively, implying that revenues for an in-house

firm reduce to:
. . [c1P
R = D {:}
'Ip

The negotiated wage rates for high-skill and low-skill wenkequaWMy, = P*R, Ki/Hi
andW = (1— *)RK;/L;, respectively. The share of revenues captured by high-
skill workers,*, is given by the Nash solution to the bargaining problem 8).(1
By comparing firm revenue, see (28), and the competitive watgs, see (24a)
and (24b), the competitive wage rates can be rewritten mdeaf firm revenue.
Hence:

(28)

1—
ool "
Ki '

Vify = mé% Wi = a(1— ) E{R} (292)

Wy = (1- LP)R—I wi = (1-a)(1-B) E{R} (29b)

The expected wage rates for in-house high-skill and Iow-\sfarkers can in turn
be written:

E{Whl = [a(l—B)Qi‘E{F%}+(1—QF‘)E{IIJ*FV%}]g
E(W} = [1-a)a-PRE(R}+(1-QE{@-WIRY] -
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Itis now possible to solve fdE { y*R } andE { (1 - ¢*)R} by using the Nash so-
lution for the bargaining problem; see (18). To do so, repla{W;, } andE {W, }
in (18) using the expected wage expressions above. Aftee sumbersome al-
gebra

YBin [Py + (1— Q) (1— )| E{R }

E{WR} = PinPi + (1—Q7)(1—up) [Ypin + (1 —-Y)Py]
QA -uw)(1-B)la(—-y)p —V(1-c)pn]E{R}
PinPi + (1= Q) (1 —p) [Yoin + (12— Y)Py]
5 (31a)
E{(1-y)R) = (1-y)py [Pin+(1-Q)) (1 - w)|E{R}

PinPi + (1 —Q)(1—up) [Ypin + (1 —Y)Py ]
Q(1-u)(1—P) [a(1—- )Py — (1 - )] E{R}
PinPi + (1 —Q)(1—up) [ypin + (1 —Y)Dy ]

(31b)

where
Ph=P+6nh Dy=p+6.

The expressions above are quite messy. Most interestieglyal bargaining
powery = 1/2, similar discount rates and labor market conditions fghkskill

and low-skill workers, i.e.py, = p; anda > 1/2, imply thatwy, > wj, and

E{(1-v)R} >E{yR}.

With probability 1— Qf, high- and low-skill workers are paid the negotiated
wage ratesW, andW,. These are easily rewritten in terms of the competitive
wage rateswi, andw;, by use of (29a) and (29b). The expected negotiated high-
skill wage rates are:

. 1 Eﬁua}
SV = g R ™
E () — 1 E{@Q-y* R,}

(1-B) (12— aE{R.}

Given the expected wage rates in both scenarios, the expwetge rates satisfy:

1-Q E{y'R}
(1-B) aE{R}
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1-Q E{1-WIR}|
(1-B) 1-aE{R} |

The relative competitive wage rate reduces to the standaloth-Douglas relative
wage. That is, from (24a) and (24Db) it follows that:

EMW} = [Q'+

(32b)

Wih o L
Wy l1—aH;

Using (32a) and (32b) it is straightforward to show that:

EMWn) _wn  E{U'R} _ a
E(WA} “wi  E{(1-¢)R} - I-a

If this condition is fulfilled, then the possibility for owneto shut down the firm
increases the relative wage of low-skill workers compacedigh-skill workers.
By imposing symmetry conditions, i.@;, = p; andy=1/2, in (31a) and (31b)
this is clearly true forx > 1/2, while not true fora < 1/2. This implies that
shutdown threats moderate wage differences across skitls 2lative wages are
determined by bargains if the firm owner threatens to shuthdbw firm.

In the simplest case with a 100 percent replacement rateseafaunemploy-
ment, i.e.up =1, P*/(1—P*) reduces ty/(1—vy). A lower replacement ratiaif
closer to zero) decreases the outside option of high-shdl law-skill workers.
This benefits low-skill workers relative to high-skill waks, because the surplus
to bargain over, which is divided equallyyiequals ¥2, increases. While it is dif-
ficult to verify this claim algebraically, numerical exarepl(see below) support
this intuitive conjecture.

This completes the description of in-house firms. Taking legrpent, i.e.H;
andL;, as given, all endogenous in-house firm variables are pidoech, either
explicitly or implicitly.

(33)

4.2 Fragmented and Specialized Firms

The following section analyzes fragmented and specialfzets. Fragmented
firms subcontract production of intermediate goods to siheed firms. There
are two types of specialized firms: producers of ¥agood, i.e. the high-skill
intermediate good, and producers of thgood, i.e. the low-skill intermediate
good.

29



The markets for intermediate goods are not analyzed inld®ake to either
transaction costs or non-competitive markets, the markugp marginal cost is
my for the X good andm;, for the Z good. Since theX good is produced by a
constant returns to scale technology in high-skill labolyothe price of theX
good is simply the markup times the wage rate for high-s&idr, i.e. mywsgp,.
Analogously, the price of th& good ismwg, wherewg is the wage rate for
low-skill workers andm, is the markup factor over marginal cost.

Specialized firms, i.e producers of tieor Z good, supply the intermediate
good to a continuum of fragmented firms. Therefore, by themvatue theorem,
the aggregate demand faced by a producer ol Z good is certain. It is
assumed that an}{ or anyZ good can be sold to any fragmented firm which
implies that fragmented firms can choose the quantity ofiméeliate goods to use
ex post the realization of the demand shock. This assumpénorbe rationalized
if transport time and transport costs are negligible, st $pacialized firms are
indifferent about which fragmented firm purchases theidpuots.

4.2.1 Fragmented Firms

The owner of a fragmented firm maximizes profit by solving:

T = Prys — MWsphs — MWeils — l .
Dt =ds

The first term is total revenue, given that the realizatiothefstochastic demand
variable isd¢. The next two terms are the costs of purchasing the highisier-
mediate goodX) and the low-skill intermediate good). The last term is the cost
of replacing depreciated capital. The quantity purcha$éideoX good is denoted
hs. Since the production technology for tikegood maps one unit of high-skill
labor into one unit of theX good, hs also denotes high-skill labor requirements.
Thels symbol is interpreted analogously.

This specification implies that specialized firms supplginiediate goods on
demand, that isale ex post the realization of the demandhlas. This is reason-
able since every specialized firm supplies intermediatelg®o a large number,
i.e. a continuum, of fragmented firms. Since there is no aggesdemand un-
certainty, the idiosyncratic demand shocks observed lgnfemted firms sum to
zero and specialized firms face a certain demand.

To solve the problem of the owner of a fragmented firm, repi@cg using
the inverse demand function in (2b), then replgceasing the production function
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in (3b), and finally replace&: andz; using the production functions in (3a). The
problem for the firm owner is to maximize:

p

Be careful to notice thdis andls do not denote employment of high-skill and low-
skill workers, instead they denote the quantity purchaséuedantermediate goods
(the X andZ goods) necessary to assemble Yhgood. Solving this problem is
straightforward. The first order conditions are:

3 = TCT® o1 B) (1o (1
m = df{ } hg(l B)lél 0 B)—WWshhs—szsHs—f)H-

- [C1P a1 Bt (1 a) i
a(1-B)ds H e (34a)

- [C1° a-p) t-o)1-p-1
(1-a)(1-B)d; H g1 — (34b)

Solving this system fohs andls, or the demand for th¥ andZ good, is straight-
forward:

B 1-(1-0)(1-B) 14 7 (1-a)2-p)) /R
hs = {(1—8)0Tf {2} { - } {1 a] } (35)

p McWsh MWs)
CTCIPr g 19@B) 1 g1i-a@-m) P
= 1-B)ds |= . 36
> {( B) f{_p} {mXWsh} {szsJ (36)

The total supply of high-skill labor employed by firms prothgthe X (2)
good isHs (Ls), and since th& (Z) technology maps one unit of high-skill (low-
skill) labor into one unit of theX (Z) good,Hs (Ls) is also the aggregate supply of
the X (Z) good. The reduced first order conditions above give the derfa the
X andZ goods by a single fragmented firm. Aggregate demand is ealsi§ined
by integrating over the continuum of fragmented firms. Gleathe market for
high-skill and low-skill labor implies that the equilibnuwage rates must satisfy:

e e U CR e C
ap 1-—a1-
w (1_0%21_8) {%]B[E{ﬁysﬂsf_;[mé } " Ge)
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4.2.2 Entry and Exit

To find the expected profit rate it is necessary to find eachfeaged firm’s rela-
tive use of theX andZ good, meaning it is necessary to fingfHs andls/Ls. The
hs andls differ among fragmented firms since different firms expaseedifferent
demand shocks. Aggregating using (35) and (36), it is easgédhat:

/B 71/B
[ S . Y (39)

First inserting the first order conditions in (34a) and (34 the objective func-
tion, (34), then replacindps andls using the relative use of th€ andZ good
above, the profit rate of a fragmented firm becomes:

Bryayl-a71-B
5 [P e

7l
gve

s

The initial cost for starting a fragmented firmlis Unless the value of owning
a fragmented firm equals the initial investment cost, newdiare started or ex-
isting firms are shut down. In the steady state equilibriuk) fnust be satisfied.
Using (12), lettingQi = 1,1 = I1, andE {;} = E {1} provides the equation
necessary to solve fd¢;:

m = B

B
1 CANER:
B 1+p =B CE{Df } o 1-a
Ki = |-++—F7F7—— _— HgLs °.
It (p+(1+p)0) p

It is interesting to compare this relation with the corrasgiog expression for in-
house firms in (26). Treatingas given and looking at either a pure in-house equi-
librium, H; =H andL; = H, or a pure fragmented equilibriumrdg=H andLs=L,

the difference in the range of variations of the consumpgjoad is determined

~ ~ B
by the difference in the expectation of the demand shbckif [E {D?B}] >

Q E {D;} the range of variations in the fragmented equilibrium exedbe range
of variations in the in-house equilibrium.
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4.3 Firms Summary

The only endogenous variables left to determine are the @mpnt variables,
i.e. Hi, Lj, Hs, andLs. To solve for the employment variables, some long run
steady state equilibrium conditions are necessary.

5 Equilibrium results

This section discusses some of the results that are pogsilaerive from the
model. Results based on closed form solutions are complewehby figures. First
the model is used to analyze what factors affect a potentmldivner’s choice to
start an in-house or a fragmented firm. Next the effect frootdtwn threats on
the skill premium is discussed. Finally the results arestliated in a numerical
example where the skill premium is graphed for various patamvalues.

5.1 Steady State Equilibria

To solve for the steady state equilibrium it is necessaryetemnineH;, L;, Hs and
Ls. Appendix C shows how to determine the type of equilibriumt thill exist,
using the steady state equilibrium conditions:

E{Wn}=wsn E{W}=wq. (41)

The equilibrium conditions, which simply state that exjeelcivage rates must be
equal in in-house and specialized firms, are a bit simplifié¢hile the proper
conditions should be written in terms of lifetime utilitiessmplifying them does
not alter the results qualitatively, but rather simplifies exposition.

From Appendix C it follows that the economy will be in a fragmed equilib-
rium only if Aljs is positive wherd\l;¢ is defined as:

1-8

B

1/ 1
li :{ Ws } li—1>0. (42)

<meih ) a <szi| ) 1-a
Qf Qf

If this condition is violated, the economy will be in an intrs® equilibrium. The
interpretation is quite simple. If the investment cost f@agimented firms is large
relative to in-house firms, an in-house equilibrium is makely, and vice versa.
This follows from the relation betwedn andl; in the expression fahl;s .
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The my and m, parameters determine the markup factor over marginal cost
for specialized firms producing intermediate goods, i.edpcers of theX andZ
goods. The parameters can be interpreted as the degree péttveness in the
market for theX andZ good. A largem implies less competitive markets which
in turn implies higher prices of intermediates goods. Amiiite conjecture is
that a higher degree of market power for specialized firmsilshdecrease the
likelihood of a fragmented equilibrium, which is also verdisince increasing
either of them's decreases the first term on left hand side.

To investigate the impact of a mean preserving spread in dénitas assumed
that all workers are identical. This assumption sidestegysdéstributional con-
sideration and simplifies the expressions. To see this,thatéfa =y=1/2 and
Bin = Dy, it follows thatGi, = Gy andGS G~ ¢ /Q; is independent of. The only
remaining term depending on the variation in demand, i.pedding o, is:

elp5ve1]°
Q\:*v\jw - %;i{ﬁ;ﬁ | (43)

To see how the right hand side follows from the left hand ssée,the definitions
in Appendix C. To analyze the numerator, note that since

ok L QEC R TCRN RV TR,

on 21+ 1/B)12 ’ (44)
it follows that: ;
1
o[e{oi®}"
A > 0.

This relation tells that the value of a fragmented firm inse=adue to a mean pre-
serving spread in demand. The rationale for this resulbWedl from the demand
function derived in Section 2.2. If a firm owner must committoemployment
choice before the demand shock is revealed, a mean pregepiead in demand
does not affect the value of the firm. However, an owner of gnfranted firm has
the option to choose the production level ex post the demealdzation, and this
extra option mustincrease, or at least not decrease, tlee®dgprofit and thereby
the value of the firm.

Turning to the denominator, whgh> A the denominator is simply 1. How-
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Table 2: Default Parameter Values

QE(t}| [k @)
B<A

The derivative of this expression with respectd@s clearly negative. The anal-
ysis of the numerator and the denominator implies that itkecs are identical, a
greater variation in demand implies that a fragmented gxjuim is more likely.
This implies that the value derived from the option to pusshimtermediate goods
ex post the realization of the demand shock increases astlaion in demand
increases, relative to the value of having the option to dbuin the firm.

In Figure 3 relation (42) is graphed.M;; is greater than zero the equilibrium
is a fragmented equilibrium; otherwise it is an in-houseildzium. Figure 3(a)
verifies that increasing the variation in demand pushes ¢baea@ny towards a
fragmented equilibrium.

Figures 3(a) and 3(b) indicate thdthas an ambiguous effect on the type of
equilibrium. Note that in Figure 3(a) the potential fragrteeghequilibrium is heav-
ily distorted by non-competitive markets for intermedigt®ds; the markup over
marginal cost is 100%. W is small, increasin@ pushes the economy towards a
fragmented equilibrium. 1A is close to unity, increasing has a less clear effect.

A greaterf3 decreases the frequency of shutdown threats, bringingithetise
equilibrium closer to a competitive equilibrium where firmwmers maximize ex-
pected profits and cannot dismiss workers ex post the réalizaf the demand
shock. A largerf} also decreases the effect of the demand shock on revenues,
thereby decreasing the value of choosing employment exthestalization of
the demand shock, an option only available for owners offraxgted firms. This
implies that increasinf brings (43), i.e. the first bracketed term in (42), closer to
unity from above.

The second effect from increasifigis that %.h andg—iil approach unity from

above. Therefore, the term within the second brackets ih @pproachesn @
mg—1 from below asP increases. However, due to th&— B)/B exponent the
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Figure 3: Equilibrium Type
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(c) Alif (a1, ) (d) Alis (A,y)
ForAlis < 0 only in-house firms operate in the steady state equilibrofimerwise only
fragmented firms do. See Table 2 for default parameter values

entire second term in (42) approaches unity from belo@iasreases. This tends
to push the economy towards a fragmented equilibrium. Tedgether, the effect
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of 3 on the type of equilibrium is ambiguous.

An interesting hypothesis is that the more distorted thatinad prices in the
in-house scenario, the more likely that a fragmented daquwiin arises. A test
for falsifying this hypothesis can be carried out by varythg unemployment
replacement ratioy,. Increasingu, decreases the surplus to bargain over and
thereby brings the expected relative wages closer to thévelmarginal revenue
product of each factor.

Also, bear in mind that fom =y, relative wages are not distorted by bargaining
between high-skill and low-skill workers, and that in thagmented equilibrium
the relative wages of high-skill and low-skill workers aret mistorted. Figure
3(c) graphs\ljs varyinga andup given that the bargaining powerys= 3/4.

If the hypothesis that more distorted relative prices initikaouse scenario
push the economy towards a fragmented equilibrium is cgrtleenAl;; should
by minimized aix =y, since this minimizes the distortion in relative wages.-Fur
ther, increasing, should decreasal;s, because the surplus to bargain over de-
creases. The situation depicted in Figure 3(c) indeed shmatAl;; is minimized
ata =y and that increasing, decreasedli;; hence, the hypothesis cannot be
falsified by those tests.

A second test of the same hypothesis is found in 3(d) whkfras graphed for
combinations ofA andy. Besides once again verifying thatasncreases so does
the likelihood of a fragmented equilibrium, note that, afobe, aty = a = 2/3
the likelihood of an in-house equilibrium is maximized. thar, the greater thé&
relative tof3, the more distorted the relative prices and the less thiHiked of an
in-house equilibrium.

It is tempting to fall back on the analysis in Acemoglu et 20@1), where
the degree of redistributive contracts that can be spedijelbw-skill workers
is limited by the wage rate paid by firms hiring only high-skibrkers. In this
setting there are no outside firms hiring only high-skill kens, and even though
a high degree of redistribution from high-skill and lowdstiorkers increases the
value of starting a specialized firm producing the highiskiermediate good, it
decreases the value of starting a firm producing the low-sitdrmediate good.

It is therefore not straightforward to see why more distbntelative wages of
high-skill and low-skill workers tend to decrease the likebd of an in-house
equilibrium.
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5.2 The Bargaining Effect

In Appendix C, it is shown that a steady state equilibrium nait exist with both
in-house firms and fragmented firms. Therefore this sectresgnts results by
comparing the two possible steady state equilibria: onehithvall firms are in-
house firms, and one in which all firms are fragmented or speethfirms. Let
H denote total employment of high-skill workets,= H; + Hs, and letL denote
total employment of low-skill workerd, = L; + Ls.

The Fragmented Skill Premium If there are no in-house firms, it follows that
every employed high-skill worker is employed by a specedifirm;Hs = H and
H; = 0. Similarly, every employed low-skill worker is employey & specialized
firm; Ls= L andL; = 0.

The skill premiumgs = E?VA\/ZT}% = ‘\j"v—j‘ is easily computed using (37) and (38):

_ LM
0)3_1_O(><H><mx.

(46)

This is the standard Cobb-Douglas skill premium, augmelnyedmarket compet-
itiveness term. The first term corresponds to the standabth-@muglas weights
in the production technology. The second term is the stah@abb-Douglas
relative supply term. The last term corrects for differengethe markup over
marginal cost for firms employing high-skill and low-skilbrkers.

The In-house Skill Premium If there are no specialized firms, it follows that
every employed high-skill worker is employed by an in-hofise; H; = H and
Hs = 0. Similarly, every employed low-skill worker is employed &n in-house
firm; Li = L andLgs = 0.

The skill premiumw = E?\;\‘v..h}% is easily computed using (32a), (32b), (24a)
and (24Db):

Ef“m’ . (47)

The three different terms are easily interpreted. The #nshtcorresponds to the
standard Cobb-Douglas weights in the production techryoldlge second term is
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the standard Cobb-Douglas relative supply term. The tleinch is the novel term.
Due to shutdown threats, wage bargaining is introducedtirganodel.

The bargaining ternt;, augments the standard Cobb-Douglas skill premium
and is defined as

Q =9 E{ur)

- TBE[aR} (_Gn
G'_'Q$+qfqrE (1-YR} (_'Gn)’ “o
I 1B E{(1-0)R}

where the expected revenue shares obtained by high-sKillaawnskill workers
are defined by (31a) and (31b). The expression in parenthesasciles the bar-
gaining term with the definitions in Appendix C.

Proposition 5.2.1 (The Skill Premium with Shutdown Threatg The possibility
for firm owners to shut down the firm if revenues are low createargaining sit-
uation where low-skill workers in general increase theilatese wage rate, com-
pared to high-skill workers.

Proof First note that in general there is no reason to expect thkentor high-
skill intermediate goods to be more or less competitive tih@nmarket for low-
skill intermediate goods. Therefore, in genargl= m,. Further, a necessary and
sufficient condition for high-skill workers to have a higleampetitive, given the
same supply of labor, wage is thrat> 1/2 > 1—a.

If G; < 1, bargaining under shutdown threats in general decrelseasill pre-
mium. From a simple inspection of (48), it is clear that a 13segy and sufficient
condition is that: .

a E{yR}

> -
1-a” E{(1-yR}
By inspecting (31a) and (31b), it is immediately clear thahva replacement
rate equal to unity, = 1, this condition reduces to:

a Y
1—a 1-y

While high-skill workers might be in a superior bargainingsgion, i.e. have a
better outside option, there is no reason to assume thatshkijlworkers have

a greater bargaining power, i.g> 1/2. Therefore, bargaining under shutdown
threats decreases the skill premium with full unemployncenerage.
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In the case of a less than 100 percent replacementugte 1, it is still pos-
sible to prove the proposition under the assumption fljat p; andy = 1/2.
If so, the denominators in (31a) and (32a) are identical &editst term in the
numerators are also identical, while the sign of the secenu differs. With
o >1/2, itis easy to see th& {YR } is less tharE {(1 - )R }, which proves
the proposition. |

The bargaining powerparametery, could be interpreted as capturing differ-
ences in the bargaining skills of high-skill and low-skihian representatives.
It seems far fetched to assume any systematic differendég ibargaining skills
across the parties. Hence, it seems reasonable to agsuh)®. Given the vague
definition of high-skill and low-skill, it appears to be ddtilt to assert anything
specific about the relation between the markup factor in etarfor specialized
goods. The assumption tha equalam,, therefore seems reasonable.

The assumption thgg,, equalsp; is more problematic. It seems reasonable
that high-skill workers find new employment more easily tham-skill workers,
implying thatpy, is greater thap, (recall thap = p+0), which intuitively should
increase the relative wage rate for high-skill workers. "&oify this intuitive
claim, maintain the assumption the¢quals ¥2. The raticE {yR } /E {(1- ¢)R }
is computable given the expressions in (31a) and (31b).dardo make this ratio
a bit simpler, let the unemployment replacement ratio be,2gr= 0. The ratio
then becomes:

E{yR}
E{1-wR}

[BinBi +(1-Q )pin] E{I?, }-Q (1-P)[op; *(1*0‘)5”1]'5{%}
[oinPn +(1-Q)py [E{R }+Q (1-B)[apy —(1-a)pn]E{R } ©

Now consider a change increasifigand decreasinf, such that the product
PinPy remains constant. This is clearly beneficial for high-skirkers relative to
low-skill workers because the matching quality on the laiarket for high-skill
workers increases while the matching quality on the laborketafor low-skill
workers decreases. Intuitively, this should improve thegéming position of
high-skill workers relative to low-skill workers and théseincrease the bargained
relative wage for high-skill workers; that i§; should increase. Inspecting the
ratio above, this is clearly the case, because the numerat@ases while the
denominator decreases. This of course raises some comtEusthe importance
of the result in Proposition 5.2.1. It should however be ddkeat if workers have
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a high discount rate, the importance of the matching quatitile labor market is
low, sincep equalsp + 6 andB never appears outside this sum.

The bargaining ternG;, is plotted in Figure 4 for various parameter settings.
A G;j less than unity implies a lower skill premium relative to gtandard com-
petitive economy and the fragmented equilibrium. The lathelG;, the lower the
skill premium. From Figure 4(a) it is evident that wage bangay only decreases
inequality ify < a > 1/2, meaning only if the superior productivity of high-skill
workers is not matched by an at least equally superior bargapower.

By inspecting Figure 4(b), it is clear that a higlfiedecreases the moderating
effect from shutdown threats. The moderating effect on & emium from
shutdown threats on the skill premium decaysBagpproached\ from below.
The reason is that a highBrimplies that shutdown threats occur less frequently,
greaterQ;’, and workers are more frequently paid their marginal reeepod-
uct. Figure 4(b) also verifies that increasing the unempkayinbenefit ratioyy
decreases the moderating effect of wage bargaining.

Figure 4(c) verifies that shutdown threats are redistivieudis long ast > v,
i.e. as long as the superior marginal productivity of higitsvorkers is not
matched by an equally superior bargaining power of high-skirkers relative to
low skill workers. It is clear from the figure that high-skillorkers benefit from
shutdown threats relative to low-skill workers onlyif> a.

Figure 4(d) summarizes the results neatly. As long as destancks are small
(A < B=1/4), shutdown threats do not affect the skill premium. With aren
uncertain demandX(>> [3), shutdown threats decrease the skill premium more
dramatically, unless high-skill worker bargaining powsrsufficiently superior
(y> a). In the latter case, demand uncertainty and shutdowntshneagnify the
skill premium, but this is unlikely unless there is some &ipfteason as to why
the bargaining power of high-skill workers should be gre#tan the bargaining
power of low-skill workers.

From the results above it is clear that fragmentation in g@necreases the
skill premium since low-skill workers never bargain overgea with high-skill
workers. This hurts low-skill workers, relative to highdskvorkers. In a frag-
mented economy low-skill workers can no longer compengudie inferior pro-
ductivity via a relatively stronger bargaining position.

5.3 The Skill Premium

To exemplify the full results of the model, consider a scenashere the markets
for intermediate goods are not perfectly competitive, stnetmy, =2 > 1 and
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Figure 4: Bargaining Effect
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If Gj < 1, the skill premium is lower in the in-house equilibrium, ileHor G; > 1, the
skill premium is higher in the in-house equilibrium. See [€abfor default parameter

values.

m, =2 > 1. Figures 5(a) — 5(d) depict the model’s prediction of thé pkemium
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for different combinations of demand uncertaiftyand degrees of market power,
B.

Figure 5(a) illustrates the skill premium in a hypothetitagmented equilib-
rium. In a fragmented equilibrium the skill premium is sippl /(1 —a) = 2.
Changing the variation in deman#, or the degree of market powé, does not
alter the skill premium as both high-skill and low-skill vker wages are propor-
tional to the marginal revenue product.

Figure 5(b) depicts the skill premium in a hypothetical muke equilibrium.
In this scenario the skill premium decrease$ A increases. The reason is that
asf/A increases, shutdown threats and thereby renegotiationagds become
less frequent.

Note that as long &8 > A, firm owners never exercise their right to shut down
the firm and the skill premium is identical to the skill premmin the hypothetical
fragmented equilibrium. However, as thé[3 ratio increases, the skill premium
decreases. At most the skill premium is about 37 percentritvea in the hypo-
thetical fragmented equilibrium.

Figure 5(c) maps each combination®fandA with either an in-house or a
fragmented equilibrium. Everywhere in the graph whike < 0, the economy is
characterized by an in-house equilibrium, and otherwise fsggmented equilib-
rium. As can be seen in 5(c), an in-house equilibrium is mkshy for low values
of A compared t@.

Combining 5(a) — 5(c) yields 5(d), which plots the skill priem taking into
account the type of equilibrium. As can be seen in 5(d), thi giemium is
clearly non-linear i3 as well as imA. Taking into account the type of equilibrium
hampers the potential for redistribution, since some dayial where the in-house
equilibrium redistributes, i.e. whefe< A, are discarded.

6 Conclusions

Relating the squeeze of wages for low-skill workers to outsimg or linking
wages to profits via bargains is nothing new. However, thigepapins those sto-
ries by considering domestic outsourcing or domestic emtitig out and linking
wages to shutdown threats.

Shutdown Threats Firm owners always have the option to default, i.e. to shut
down the firm and sell its assets. If demand is lower than seordegenous thresh-
old, firm owners can minimize losses by shutting down. In tlaise the losses for
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Figure 5: Skill Premium
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Figures 5(a) and 5(b) illustrate the skill premium in a fragred equilibrium and an
in-house equilibrium, respectively. The type of equililn is determined bl;¢
illustrated in Figure 5(c). Figure 5(d) illustrates thellghiemium, taking the type of
equilibrium into account. See Table 2 for default paramestues.
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firm owners are limited to the depreciation of initial capitavestments, since
labor can be disposed without cost. Workers on the other hdwmalys have the
option to leave the firm and become unemployed, but the eggédiéttime utility

of being unemployed is inferior to the expected lifetimditytof being employed.

The firm owner’s option to default on labor contracts leads: toargaining
situation. Firm owners threaten to shut down the firm if thalized profit rate
is sufficiently low. Workers are reluctant to become unempgtband therefore
negotiate new wage contracts to motivate the firm owner tp kike firm alive.
Renegotiated wage rates are determined by the bargainsitigms of high-skill
versus low-skill workers. In the simple setting of the modehrginal productivity
only matters indirectly via the outside options of highhskind low-skill workers.

The superior marginal productivity of high-skill workemslative to low-skill
workers is not matched by an equally superior bargaininggpoe¥ high-skill
workers relative to low-skill workers. Therefore low-dkiorkers benefit from
bargaining relative to high-skill workers.

Another interesting consequence is the firm size effect.wiiers have the
option to shut down the firm, they are no longer inclined t@fde full cost of low
demand realizations. This asymmetry motivates firm owrersdrease the size
of the firm in response to greater demand uncertainty. Wer&eg paid higher
wages if the firm owner does not threaten to shut down the firrh sbutdown
threats become more frequent.

Fragmentation Looking at the fragmentation process (i.e. outsourcingoor-c
tracting out) and taking into account wage bargains ovesdssit is easy to see
that fragmentation is likely to increase the skill premium.

In an economy with a low degree of fragmentation, each firmiesumany
tasks and requires a wide range of workers with differeriissknd skill levels. In
the presence of shutdown threats, low-skill workers careese their wage rate
relative to high-skill workers via bargaining.

In an economy with a high degree of fragmentation, each firmesaout a
much smaller set of tasks and hires a more homogenous growprkérs. As
more firms employ only high-skilbr low-skill workers, the possibility for low-
skill workers to compensate for low marginal productivity bargaining with
high-skill workers vanishes, and the skill premium incesas

The analysis shows that fragmentation is more likely to oauith greater
variation in demand and as the market power of firms sellimgabnsumption
good declines, i.e. if consumer preferences for varietyeseses. As would be
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expected intuitively, when markets for intermediate gobdsome less compet-
itive, the likelihood of fragmentation declines. The qutative analysis in the
paper also suggests that the more distorted the relativesvaighigh-skill and
low-skill workers (i.e. the more the relative wage ratesighhkskill and low-skill
workers deviate from their relative marginal productiyjtthe more likely that
a fragmented equilibrium arises. However, this remainsrgecture that could
neither be proven nor falsified.
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Appendices

A Record of Notation

Table 1 depicts the general logic for subscripts used tagyoatee different vari-
ables. Indices over a continuum are written in parenthesésymbols are listed
in Table 3. Random variables are marked,asér -, depending on the informa-
tion available. An upper case symbol is used for the stocheatiable while a
lower case symbol is used to denote a particular realizatidhe corresponding
random variable. Upper case letters are also used to deggtegate quantities,
while lower case letters are also used to denote micro dgiemtSymbols marked

by a superscripted are derived from an optimization problem.

B Profit Maximization

The shutdown condition in (20) is greatly simplified by usthg inverse demand
function in (2a) together with the production functions 1®9) and (3b):

i —Wihhi —wjli =0.

B
{%} pa(1-B)| (1-0)(1-B)g

The objective for the in-house firm owner is therefore to maze the ex-
pected profit rat& {1} :
C1® g -a)ipp
[1—F(dj)] {6} h; l; E{Di}—Wihhi—WiH —0lj, (49a)

subject to the shutdown condition (solved &):

— P P winhy -+ wy | (49b)
ho(
|

di=|c| ammEams
|

The impact ofd; on the objective function is twofold. On the one hand, a
higherd; increases the probability, via(d;), that the firm owner will threaten
shut down. On the other hand, increasihgncreases the expected productivity of
workers, viak {If)i } and thereby increases expected profits if the firm owner does
not threaten to shut down the firm. The constraint guaratiegshe firm manager
is loyal to the firm owner by assuring that the value of the fisrmaximized.
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Symbol

Table 3: List of Symbols

Meaning

§<Cg CD|Q-;U'O|O-E'O|'UZI€ZBI_X‘—-—I~<:|_'|\U[2[>040G)-@Q

=
o

N < X

Cobb-Douglas exponent.

Representative agent’s preference for variety.
Bargaining terms.

Consumption spending.

Depreciation rate.

Parameterizes the variation in demand.
Adjusted investment cost difference.
Stochastic demand parameter.

Cumulative Density Function.

High-skill workers’ relative bargaining strength.
High-skill employment.

Investment cost.

Lifetime utility, employed.

Range of firms.

Low-skill employment.

Markup over marginal cost.

Range of specialized firms.

Relative wage (skill premium).

Profit rate

Price of the conusumption good.

Price index.

Bargaining outcome, high-skill workers’ share.
Probability of shutdown threat.

p+6.

Firm revenue.

Shutdown threat threshold.

Labor market matching quality.
Unemployment benefit, fraction of expected income.
Lifetime utility, unemployed.

Value of a firm, post investment.

Wage rate.

Wage bill.

Quantity of theX good.

Quantity of theY good.

Quantity of theZ good.
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B.1 The Unconstrained Solution

To solve the problem: First expand-IF (d;) using the definition in (1), then ex-
pandE {f)i} using the conditional expectation formula such tEa{tDi(gi)} =
1/2x (14+A+dj), and finally replacel; in the objective function, using the con-
straint. The objective function simplifies to

(1+8)201 B2 P} B(1+A)c|>+ P} * prop-1
C C !

where the auxiliary variable® and® are defined as:
@:hi(xhl—a @ = winhy +w; I;.

The first order conditions with respecttipandl; simplify to:

C((l — B)(1+A)2@1_B — a(l _ B) [gi| 2 d2pB-1
- (50a)

(1-a)(1-B)(1+8)%0 P~ (1-a)(1-p) [2] w2t
— (50b)

2 Hg]B(HA) _ [g]chp@B—l} wy li.

Dividing the first order conditions results in the familianlib-Douglas mix of
factors:
a  Wpnhi
1-a  w i’
This implies that firms minimize costs, whichever quantitg firm plan to pro-
duce, an intuitive result. The auxiliary variables simphfs:

1—awp

1-a .
e:{——} o o= M

a

a w (51)

Eliminatingh; in the first order condition with respecthpusing thed expression:
518 518
2 212 s (1+B)[E]

1-B)(1+2) ®  (1-B)*(1+4)*

o1-P
()
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Solving the second order equation@—# /® gives two solutions:
orf  1:p[p]°

®  1+A|C|

Solving forh;, l; andd; is trivial given the intermediate results above:

(52)

o (a1 00 o
Y Wi Wih o1-P
B o a(lfB) 1 —Q 17G(178) q)
= | Y oL p

Wih Wih ©
d (1-B)(1+1)
= 1+

To verify thatd; = (1—-)(1+A)/(1+ ) is a local maximum, note that the
first order conditions imply that bot® and ® are linear inh;. Therefore, the
objective function and the constraint definidgcan be written as

E{I‘I} = alhil_B—azhi+a3hi1+B—6li
di = a4hiB,

with & > 0.

Clearly, forh; = 0 the objective function is-dl;, while for sufficiently small
choices oh > 0, the objective function is greater thadl;. However, the solution
implying thatd; = 1+ A implies that 1- F (d;) = 0. Again the objective function
equals—al;.

Taken together, this implies thatlat= 0, the objective function equalsdl;,
but increases al; increases. Eventuallly, equalsh; which implies thatd; =
(1+A)(1-B)/(1+PB) < 1+ A. Increasingn; further decreases the value of the
objective function untih; = h3 which implies thatd; = 14 A, where again the
objective function equals-dl;, since 1- F(1+A) = 0.

Therefore the solution with

g — 1-Pa+D)

di 148

B _ (q_pitBC B[i]l—ﬂ—axl—m {1__GT1_G><1_B)
h| - (1 B) 1+B |:ﬁ:| Wih Wi

B _ _ ﬂ 9 B |:i:| a(1-B) |:1——CX:| 1-a(1-B)

li - (1 B) 1+8 |:_p:| Wih Wi !

is indeed a maximum.
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B.2 The Constrained Solution

Before accepting the solution derived above it is necegsaryeck that the cut-off
valued; is within the range of the realizations of the stochastic aedwariable,
Di. That is, it is necessary to check that \ < d; < 1+ A, which in turn is

equivalent to checking that:

0<F(di) <1 (53)

Given the definition ofF (d) in (1) and maximizing choice ofl; this implies
checking that:

1-BA+8)/A+p) - (1-8) (54)
2/

Note that this function is decreasingh for 0<B <1 (A<1). For=0,

F(di) =1, implying that the maximizing choice df never violates the condition

F(di) <1.

However, increasing starting atp = O violatesF(-) > 0 atB > A. F(-) is
nothing but - Q;. So for3 > A, the solution to an unconstrained problem dictates
the firm owner to shut down the firm with a negative probabillifis is of course
the same as to say that the firm owner keeps the firm runninganpitobability
greater than one.

The proper way to handle this problem would have been to dbleeopti-
mization problem adding the constraintsc@ (d;) < 1. The result would, given
the discussion above, be that 9K A the unconstrained solution derived above
would apply, while for3 > A, the first constraint would bind and the solution to
the problem would be argmax of:

u—F@n]{[%rﬁu*Wl“lﬁE{D} wmIMM}—&i

s.t. F(di)=0.

0<

Consequently, the first bracketed term equals unity \L\EFI(I@i) = 0 implies that
di = 1—A, which in turn implies thaE {D;} equalsE {D;}. Therefore the solu-
tion to a firm owner’s problem whe > A is:

B
max {% B OB E (51— wihy —wiy | — ;.
hi |
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The solution to this problem is simpler. Straightforwarc ug the first order
conditions forh; andl; implies:

di = 1-A
8 C1Pr g 11 1-01-B) 1 _ o1E-02-B)
hi = (1_[3) = — —
p Wih Wih
B 1-p [9}8 [i]d(lﬁ) {1_0(]10((15)
! Pl Wi Wih '

B.3 The Complete Solution

By combining the constrained and unconstrained solutiiescomplete solution
can be stated as:

{ P pea

di =
1-A B>A

. 1P g 1 WAB) [ q1(-a)-B)
W = (1-8) E{Di} 5 |wn {W—}
gl* LP] L[Wih il
~ C] Br a a(1-p) 1—a 1-a(1-B)
1P = 1-p) E{D = | — {—} :
| ( B) { I} gl* _p_ _Wlh WII

Note that for3 < A, firm owners choose the threshold ledel= 1 — A which
is at the lowest realization of the demand variable. In thiseg the firm owner is
never inclined to shut down the firm ex post the realizatiothefdemand variable,
i.e. Q = 1. Further, expected demai{ D; } evaluated atl; = 1— A is simply
E{Di}. Therefore, for low values o the firm owner never threatens to shut
down the firm and the standard competitive results hold.

C Equilibrium Conditions

To solve for the steady state equilibrium it is necessaretemnineH;, L;, Hs and
Ls. To do this it is assumed that in the steady state equilibrium

E{Wh}=wen E{W}=wq. (55)
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The expected wage rates are rewritten as

11-B .
~ HGLl a HaLl o
E {V\/m} = GW|G|h— K. E {W|} (1- C()WIG” < ]
I I :
_ (56a)
—a1iP 1-a71-B
ws K¢ Hng- a we K [HS‘LS :|
Wsh = O We — (1—a |
” mst{ Ks 5= )mst Kt
where
A c1P
W= A-BELDT H (57a)
B
_ _ ~1/81 1P 9
ws = (1—B) [E{Df H M (57b)
1-Qf E{UR}
G' f— * | _ 57
" AT TR E{aR) (57c)
1-Q E{(1-yR}
G o= Q ' - 57d
il Q|+ 1—[3 E{(l GR} ( )
Solving the system in (55) fdfls andLs implies:
_ | Ws 1 1/B Ky |
e {Wi(I‘Tb(Gih)l—(l—G)(l—B)(sz”)(1_0()(1_[3)} EHI (57e)
_ Ws 1 1/ Kf .
Ls = {W (meih)G(l—B)(mZG”)1_0((1_[3)} ELl- (57f)

These expressions show that if the joint marginal revenadumt for workers is
higher in specialized firms than in in-house firms, then

Ws > Wi (myGin ) * 2 B) (m,Gj ) -9 (A-B),

meaning that more workers are employed by specialized findvize versa.

In the steady state equilibrium, the value of owning a firm tregual the
start-up cost. This condition is met for in-house firms oh{LR) is satisfied. The
expected profit rates for in-house firms not threatening t dbwn are given by
(25a), which rewritten using the definitions above gives:

. pw [Horalt P
E{I‘Ii}:l_'B[ 'K: ] —3l;.
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Since the value of owning a firm must equal the start-up cdg) ust be
satisfied. Solving foK;:

B 1+p Qw|TF

K; =
' 1-Bd+p+dp i

HoL e, (58)

In order to investigate if in-house firms and fragmented fioas co-exist in
the steady state equilibriurhls andLs in the expected profit expression for frag-
mented firms, see (40) are first eliminated using (57e) ant).(§Vthe resulting
expressionk; is eliminated using (58). The resulting expected profit fatérag-
mented firms is:

Wi } N [(meih)“(lszn )1_“} v 5" ol

As for in-house firms, in the steady state equilibrium theugadf owning a
fragmented firm must equal the start-up cost. That is, (1Xtiold withE {I‘Ii }
replaced bye {I‘If}, li replaced ¢, andQ; replaced by 1, implying:

Eifiy) = PTA+P {ws

1+p |w

1/p Le
{%} { 1 }B-L—n:a (59)
Wi (MGip)* (MG )]
This relation depends only on parameters and exogenowbias| which in turn
implies that a mixed equilibrium can occur only for a spec#fat of parameter
values, with measure zero. That is, in the steady stateilequih there exist only
in-house firms or only fragmented firms, but not both.

If (59) is greater than zero, it is more profitable to startemented firm than
an in-house firm, while if (59) is less then zero then it is munaitable to start an
in-house firm. As it turns out, the main determinant for whigbe of equilibrium
to occur is the relation between fixed investment costs andina productivity.
A higher investment cost for starting a fragmented fitg;> I;, must be com-
pensated by high marginal productivitys > w; (mGin)*1-B) (m,G; ) (1~ (1-B)
corrected for the additional cost due to markup over matgiost for goods pur-
chased on the market.

It is not surprising that a mixed equilibrium will not existince there is no
mechanism generating an interior equilibrium. Consumersi@ care whether
goods are produced by in-house or fragmented firms and inilggun the most

cost efficient production method is used, taking into actdhat the expected
wage rates paid by in-house and specialized firms canncateevi
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