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Abstract

This thesis focuses on the wage distribution among indalglwith different skills and skill
levels. It consists of three essays after a short introdaocti

Essay |
Risk, Occupational Choice, and Inequality

This essay presents a new theory explaining increased wagaality. A standard endogenous
growth model is augmented with occupational choice of tagiti-workers. Depending on
the occupational choice, high-skill workers earn eitheegain or uncertain income. Wage
inequality, measured by the average wage of high-skill exwklivided by the average wage of
low-skill workers, can increase or decrease due tmareasedsupply of high-skill workers.

Essay Il
Market Imperfections and Wage Inequality

This essay investigates, theoretically, the relationgl@fween various market imperfections
and the skill premium. As opposed to other models relatingketamperfections to wage
inequality, the model in this paper assumes perfectly camngelabor markets but distorted
product and financial markets. The paper predicts that tilgosmium is positively correlated
with consumer preference for variety, because preferenicedriety leads to greater market
power and thereby higher profits. In addition, shorter pobdycles increase the skill premium.
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Essay Il
Firm Fragmentation and the Skill Premium

This essay investigates the interaction between demarettaity and non-competitive labor
markets where firm owners have the option to shut down and¢atdo Workers cannot find
new jobs instantly and therefore accept wage reductiongdid anemployment, if firm owners
credibly threaten to shut down.

The analysis shows that the expected wage rate is a mix of pettive wage rate and a
bargained wage rate and that this lowers the skill premiwmthier, the option of firms to shut
down and relocate increases the average size of firms. Thesenaso shows that outsourcing
or contracting out is more likely if demand is more uncertdimarket power is smaller, and if
the markets for intermediate goods are more competitive.

Fragmentation increases the skill premium because it ksat®re homogenous firms, with
respect to workers’ skills. With more homogenous firms, Ekill workers cannot compensate
their inferior productivity in wage bargains with high-Bkvorkers.
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Introduction

Economics is a fascinating subject. Modern economics aimsiag the intrinsic logic of
mathematics to explain an ever growing amount of real lifeq@mena in society. This thesis
revolves around one of the most fundamental issues in evergty, namely the distribution of
what is commonly produced. The positive and normative disicun of distribution has always
been a central subject in economics, from the writings ottassical economists, such as Marx,
Smith, and Ricardo, to present writings in economics.

However, distribution is, given the vast amount of work oe fubject, a much too broad
a subject for a thesis. This thesis focuses mainly on in@liged countries and differences
in wages across individuals with different skill levels. winat follows, a short overview of
trends in distribution of income in some industrialized oies is presented, then the existing
theoretical literature on wage inequality is briefly sureéypefore the contribution of this thesis
IS summarized.

1 Inequality in Different Countries

The distribution of income differs considerably among eli#int industrialized countries. For
example, as is shown in Figure 1, the disposable income qidhson at the 90th percentile was
almost 6 times the disposable income of the person at thepEdtentile in the U.S. in 199%.
The corresponding figure for Sweden was less then 3.5 in 1995.

Percentile ratios are attractive because of their inigimplicity, but they can be mislead-
ing since only two points in the distribution are used. ThaiGbefficient may appear more
appealing since all data points contribute to the summatysst. However, it is difficult to
interpret and also weights the observations arbitrarilyttéhately, as seen in Figure 1, using

1The disposable income is adjusted using an equivalence. scal
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Figure 1: Distribution of Disposable Income
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The figure illustrates the distribution of disposable inedior a subset of industrialized countries.
Source: Caminada and Goudswaard (2001)

the Gini-coefficient or the 90/10 percentile ratio gengralbes not alter the ranking of the

countries. In general, the variation in disposable incasewest in the Scandinavian countries
(Sweden, Norway, and Finland), while the greatest vamaitiodisposable income is found in

the English speaking countries (Unites States, GreatiByigamd Australia).

1 Explaining Differences

Labor markets are complicated and the evidence that theatdmompetitive supply and de-
mand framework is insufficient is overwhelming. For exampieéhe competitive framework,
the wage rate for a specific type of worker should be uncagehaith firm characteristics such
as firm location, profit rate, and size. However, it is well\umdhat this is not the case. Slichter
(1950) notes that wages are correlated with for exampledhe\added. Several later scholars
have verified systematic differences of wages across indsstaking into account differences
in worker characteristics and workplace conditions (Keregnd Summers 1988; Hildreth and
Oswald 1997; Edin and Zetterberg 1992; Hibbs and Locking0200

Once the simple supply and demand framework is abandorne@, seems to be an endless
variation of theories explaining wage and income ineqgualit general, the variation in wages
is greater than the variation in disposable income. Thighse every industrialized country
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provides some income security for its citizens (Ervik 199BIptice that this is true for the
U.S. as well as for Sweden, even though the U.S. and Swedemari considered to represent
the polar cases with respect to government interverttitdhile the redistributive role of the
government is interesting in itself and certainly very intpat for the variation in individual
disposable income levels, this thesis focuses on the wariat wages rather than income.

In explaining cross country differences in the variationniages, Blau and Kahn (1996)
and Wallerstein (1999) show that after controlling for unamncentration and coverage of col-
lective bargaining agreements, various other potentiplagratory variables can be discarded.
Interestingly, even the supply of high skill workers seem&ave only a minor impact on the
distribution of wages, which is certainly at odds with thangtard competitive theory of the
labor market. The link from centralized wage bargains todowequality is supported by the
evolution of wage inequality in Sweden during the 1980s.oPt® 1980 the Swedish labor
market was characterized by a high degree of centralizee Wwaggaining, but beginning in
the 1980s the wage setting process gradually became maatddized. The decentralization
coincides with increased wage inequality in Sweden (HibB811 Hibbs and Locking 1996;
Edin and Topel 1997).

2 Inequality over Time

Describing the changes in income inequality during theqaeti970 — 2000 among developed
countries is not a straightforward exercise. The U.S. iscslly used as the benchmark case
for comparison with other countries, since in most respéed).S. shows an early and clear
cut case of increased inequality. While U.S. wage inequalireased most rapidly during the
1980s, a majority of industrialized countries experienicetdeased wage inequality during the
1990s. Within the family of European countries, the U.Kngigout by exhibiting the most
dramatic increase in inequality.

1 The U.S. Experience

Looking only at the distribution of wages without referertoeany worker characteristics such
as education, experience etc. reveals a growing dispeo$iaiages between the lowest paid
and the highest paid workers in the U.S. (Juhn et al. 19931p, Big. 1). During the 1973

2]t might be argued that governmental redistribution chariye distribution of wages because individuals
respond by changing their behavior. If so, the effect ofseittiutive policies are less clear.
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Figure 2: Trend in the U.S. Real Average Family Income
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The family income of rich and poor families started to diveeng the 1980s as the income of poor
families declined while the income of rich families increds Source: Smeeding (2002)

to 1989 period the median wage increased by 5 percent. Thesaaghe 90th percentile in
the wage distribution increased by approximately 20 pdrbetween 1975 and 1989. On the
other hand, wagedecreasedby about 25 percent for the 10th percentile during the 1978891
period.

The pattern in the early 1970s and after contrasts sharglytive pattern from the 1960s
when wages increased in both group. "After about two andhatledecades [1963 — 1989]
workers in the top 10 percent of the wage distribution haveeghalmost 40 percent, whereas
workers in the bottom 10 percent have lost over 5 percentahteems” (Juhn et al. 1993, p.
416). Gottschalk (1997) reports that the real income ragtavben the 80th and 20th percentiles
in the distribution shows a clear upward trend in the 19683®21period (Gottschalk 1997,
p. 23). The findings for the 1970 — 1990 period are confirmeduin Xkt al. (1993) and by
Figure 2. It is also clear that during the 1990s the trend tde/ancreasing income inequality
was muted because the income levels of those with the lowestrie started to increase. In
fact, the U.S. inequality increase in the 1985 — 1995 permekdot stand out relative to many
other countries (Forster and Pellizzari 2000; Smeeding2R00

Inspecting and comparing wages among and between indigidvith different years of
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schooling show that the skill premium increased dramdyitetween 1980 and 1990. Gottschalk
estimates standard (log) wage regressions in each yearld®@th— 1990. The dummy variable
for a college degree shows a decreasing trend during the&irsbf the period, 1970 — 1980,
and an increasing trend during the 1980s. Hence, changke skill premium cannot explain
the increased inequality during the 1970s. The patternttvesgntire period shows a significant
increase in the skill premium (Gottschalk 1997, p. 30). Timding is verified by Juhn et al.
(1993), but Gottschalk (1997, p. 30) points out that “...siimportant to remember that the
increases in the college premium are being driven more byeleéne in real earnings of high
school graduates than by the increase in earnings of colNegeers.” Any full explanation of
the changes in the U.S. skill premium is therefore obligatepresent a plausible case for an
absolutedecreasen earnings of workers with less education. In summary, @&nings data
point unambiguously to a trend of increased income inetyuahd a growing skill premium
over the last 20 years.

2 The European Experience

The rapid increase in U.S. wage inequality was unmatcheddst Eiuropean countries in the
1980s. Gottschalk and Smeeding (1997) summarize the chandeurope. While the U.K.
stands out in the European family by experiencing largesases in earnings inequality during
the 1980 — 1990 period, the European experience is in gemexad. Most countries but not
all experienced some increases in earnings inequality. igar& 3 the changes in the Gini
coefficient over disposable income is graphed for a subsstwdtries.

The U.K., Canada, and Austria all have experiences quitéssito the changes in the U.S.,
according to Gottschalk and Smeeding. Other countries aacBermany, Italy, Finland, and
the Netherlands experienced either no or only slight iregean inequality during the 1980s
(Gottschalk and Smeeding 1997, p. 654, Table 2).

If one extends the period by including 1990 — 2000, sevelalacs point out a weak trend
towards increased inequality in disposable income; seex@ample Forster and Pearson (2002),
Caminada and Goudswaard (2001), and Smeeding (2002). Howegusing instead on earn-
ings inequality, Gottschalk and Joyce (1999, Figure 1) rejpcreased earnings inequality for
a subset of industrialized countries mainly during the X8r the period starting in the mid
1980s and ending in the mid 1990s, Forster and Pellizza@QZ0able 3.1) report the change in
the share of market earnings obtained by individuals in thtéeom deciles and the top deciles.
Remarkably, the market income share for the bottom deddeseasedn 17 of 18 countries,
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Figure 3: Changes in Income Inequality
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The figure graphs the trend in the Gini coefficient over théopet980 — 1990, showing a general trend
toward increased inequality in most countries. Source: efling (2002)

while the income share of the top deciles increased in 14 abi@tries.

3 The Swedish Experience

Cross-country studies of changes in inequality in Swedemgduhe 1980s and early 1990s
give a mixed picture. While for example Caminada and Goudstvg2001) and Gottschalk and
Smeeding (2000) report dramatic changes relative to otitrsirialized countries, Smeeding
(2002) and Forster and Pearson (2002) report only modesgelsa However, looking at stud-
ies focusing on inequality trends in Sweden, a general ttewdrds more variation in income
appears during the 1990s. Figure 4 shows the evolution qtizléy in disposable income mea-
sured by the Gini coefficient for the 1975 — 1998 period. Thergs taken from Gustafsson
and Palmer (2001) and is confirmed by for example NelandeiGaoding (2004). During the
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Figure 4. Gini Coefficient for Disposable Income in Sweden
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The figure displays the Gini coefficient for disposable inegadjusted using an equivalence scale, in
Sweden over 25 years, starting in 1975. While the Gini caefitcdecreased during the 1970s, it has
clearly increased during the last 20 years. Due to the taxmein 1990, implying that more income
sources was included in the tax base, there is discontiimuttye graph. Source: Gustafsson and Palmer
(2001)

1975 — 1982 period, inequality in disposable income deec&Sustafsson and Palmer 1997,
Nelander and Goding 2004), while it increased during 19880602 Gustafsson and Palmer
2001; Fritzell 2001; Jansson 2000).

More interesting for the theoretical analysis in this tedasithe changes in earnings, or
more specifically wage, inequality. According to Gustafsand Palmer (1997, Figur 13.5) and
Nelander and Goding (2004, Diagram 6), there is no apparemnd in the Gini coefficient for
1980 — 1990 earnings inequality. This is also confirmed bgecsng the changes in earnings
of different decile groups (Gustafsson and Palmer 2001ellah. However, Hibbs and Lock-
ing (1996, 2000) find a significant increase in wage inequé#dit blue-collar workers after the
breakdown of the centralized wage setting process in Sweeior to 1983, the wage set-
ting process for blue-collar workers was extremely cerztedl. In principle, every blue-collar
worker wage was covered by the negotiations between LO,swotedion consisting of several
unions, and SAF, the Swedish employer’s association. Afg&3, this arrangement was sig-
nificantly weakened. Hibbs and Locking (1996) document aneiase in the wage dispersion
after 1983, illustrated in Figure 5.

Several studies point out increased earnings inequaliipglthe 1990s in Sweden. Fritzell
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Figure 5. Wage inequality for blue-colllar workers in Swade

0.04
0.035
0.03 -
0.025

0024

Variance of Log Wages

0.015 =

ol rrrTrr7T T T T T T T T 1T
70 72 74 76 78 80 82 84 86 88 90

Year

The Actual curve displays the variation for blue-collar &ens in Sweden during 1970 — 1990. The
Frame curve depicts the wage inequality implied by the edin&d bargaining outcome, which became
gradually less important after 1983. For both curves, iaéityuis measured by the variance of log
wages. Source: Hibbs and Locking (1996)

(2001) presents estimates of the Gini coefficient for fapyments (see Tabell 6). Over the
1991 — 1999 period the Gini coefficient increases by 10%, wighmajor change occurring
during the deep recession starting in 1991. The same oltgarva found in Nelander and
Goding (2004) and is confirmed in Gustafsson and Palmer {Z08&composition of the Gini
coefficient.

To summarize, there is ample evidence of a trend towardsegrdaspersion in the distri-
bution of earnings. It is not confined to a small set of coestrbut appears to be present in
most industrialized countries. Naturally, scholars haserbinspired to develop theories, trying
to explain this trend. Below these theories are briefly sunmed and categorized.

3 Theoretical Explanations

This section provides a brief introduction to theories aimeexplaining wage inequality, and
in particular the changes in wage inequality during the destades. A more formal survey is
provided by Acemoglu (2002). There are several proposethrapons to the increased in-
equality observed over the 1980 — 2000 period. The first egpian at hand for an economist
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would probably suggest that increased wage differences bauthe result of supply and de-
mand shifts. However, the supply of high-skill workers skaavclearly increasing trend, see
Gottschalk (1997, p. 30) and Laitner (2000, p. 808). Hengplyuand demand theory must
explain either a substantial demand shift in favor of higltksvorkers, a substantial demand
shift working against low-skill workers, or both.

It is possible to identify at least three broad categoriesxplanations: skill biased techno-
logical change, increased trade with developing countaed institutional change. The skill
bias technological change argument focuses on a demandsngasing the demand for high-
skill workers, while the trade argument focuses on a demaiftidecreasing the demand for
low-skill workers. The most commonly mentioned institut changes are de-unionization
and the decreased real value of the minimum wage. In additr@me are quite a number of
more or less ad hoc explanations. It is, however, difficulfitd one theory that alone can
explain all the empirical variations discussed above.

1 Technological Change and Inequality

The first and seemingly, at least initially, the most popti&ory is usually referred to akill
biased technological changproposing that the driving forces behind the changes iniegs
inequality are shifts in the supply and demand of worker# wifferent observable and non-
observable skills and experience. According to those tespthe supply of high-skill and
experienced workers decelerated during the 1980 — 1990¢perhile the demand for skill and
experience increased, leading to a neat textbook suppldemand explanation of the changes
in inequality.

Autor et al. (1998) test this hypothesis. The relative syppld relative wage of high-skill
workers are known for the 1940 — 1996 period. Hence, it isiptesso compute the shift in
relative demand for high-skill workers that is necessanydnerate the observed changes in the
relative wage rate of high-skill workefs.Autor et al. conclude that given a steady increase in
the relative demand for high-skill workers (i.e. a skilabed technological change), the changes
in the supply of high-skill workers do fairly well in explaimg the changes in the relative wage
of high-skill workers until the 1980s.

In the 1980s the steady increase in the relative demanddbrskill workers is not sufficient
to explain the surge in the relative wage of high-skill wagkeThis verifies the earlier results
of Katz and Murphy (1992). The question arises whether tt8049narks the start of a new

SAutor et al. use a CES production function in high-skill ana/skill labor.
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era in which the skill bias is significantly higher than dgyihe post World War Il period. The
analysis by Autor et al. for the early 1990s casts some donlihis interpretation, since
the relative demand for high-skill workers seems to haveelgeated. Hence, it seems that the
drastic changes in the skill premium during the 1980s ardylito be explained by factors more
specific to the same period.

The key assumption in the more naive theories is that teolgnzdl change is always skill-
biased. This reasoning can be traced back to Griliches {1®68 found that skilled labor
IS more complementary to capital then unskilled labor. Galad Moav (2000) motivate this
inherent bias in favor of high-skill workers in a theoretinaodel where high-skill labor has a
comparative advantage, relative to low-skill labor, in@ttfag to new technologies. While the
levelof technological progress is skill neutral, technologmalgress is biased in favor of high-
skill labor. This claim is supported, i.e. not rejected, hg empirical analysis in Bartel and
Lichtenberg (1987) who show that plants with older machgeserally employ more low-skill
workers.

Krusell et al. (2000) present a model where technologicpfovements embodied in capital
equipment affect high-skill and low-skill workers differidy. Further they distinguish capital
structures from capital equipmehtFollowing (Griliches 1969), differences in complemen-
tarity to capital equipment between high-skill and lowhskiorkers imply that benefits from
increased accumulation and use of capital equipment in th@ugtion process are captured
mostly by high-skill workers. While the growth rate of capistructures has been low, the
growth rate of capital equipment started to increase ara9@® (Krusell et al. 2000, p. 1031).
Hence, complementarity of high-skill workers with respiectapital equipment tended to, ce-
teris paribus, push the skill premium upwards during theéoaeiollowing 1975.

Even though Krusell et al. show that complementarity of keghl workers and capital
equipment can explain a large part of the increased wageipneduring the 1980s, it is some-
what of a black box explanation, since the complementasgifiis not explained. Acemoglu
(1998) and Kiley (1999) derive two different models wheres ttomplementarity is endoge-
nous. The key assumption is that technological change isxagenously given, but is driven
by choices of profit maximizing agents.

In slightly more detail, Acemoglu assumes that unskilled skilled workers use different
designs of new technologies. Hence, production of new t@olgy must be directed against
either unskilled or skilled workers. The increasing supplyskilled workers decreases their

4In Krusell et al. 's Appendix, capital equipment includesmuters and peripherals; communications; instru-
ments, photocopiers and other equipment; general industjuipment; transportation; and others.
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wages by the usual supply and demand process. However, astket size for a new technol-
ogy designed for skilled workers grows, it becomes more faai to invest in new technolo-
gies designed for skilled workers. The labor demand curvskdled workers shifts outward,
tending to increase wage rates for skilled workers. A prigither of the two effects can domi-
nate. Supposedly, during the 1970s the increased supplgtofdkill workers depressed wages
due to the first effect, but during the 1980s the market sisegthecame dominant and the wage
premium increased and surpassed its early 1970s level.

In Caselli (1999) technological change is neutral but thekexs face different costs using
the new technology. Technological change is skill biasetthef cost of the new technology
implies that fewer workers find it optimal to invest in leargito use the new technology. The
technological change is de-skilling if more workers find fitimal to invest in learning the
new technology. Caselli argues that the increased use ogputars and the development of
information technology is a skill-biased technologicalal@tion. Inequality increases because
not all workers, i.e. not high cost workers, find it optimalitwest in learning to use the new
technology.

It should be emphasized that Caselli 's model can explairdtbp in wage rates of some
workers. New technologies are complementary to capital J@rning to use new technologies
implies a fixed learning cost. Because the market for cagitaimpetitive, the marginal product
of capital must be the same across workers. Since the mbapgoduct of capital is diminishing,
the capital intensity must be higher for workers using thedatechnology. This endogenous
difference in capital intensity can explain the absolutgevsses for some workers.

It is worth pointing out that both Acemoglu and Caselli deégeom the idea that tech-
nological change is always skill biased. For example, Acgimaefers to the industrialization
process where several factors contributed to increasmgubpply of unskilled workers in the
cities. The large increase in unskilled workers made irrdhlsted production profitable, where
skilled craftsmen were displaced by machines and unsKelledr (Acemoglu 2002). Caselli
argues that the car industry was de-skilled as Henry Folldeeg skilled artisans with unskilled
workers.

It should also be noted that neutral technological changegeaerate non-symmetric out-
comes for high-skill and low-skill workers. Auerbach ando&K2005) derive a static model
where low-skill workers can apply only for low-skill jobs twhere high-skill workers can ap-
ply for both high-skill and low-skill jobs. High-skill workrs prefer high-skill jobs, but apply
for low-skill jobs if they fail to find a high-skill job. Aueréich and Skott consider the effect of
anadverseoutskill neutralproductivity shock. The demand for high-skill and low-$kibrkers
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decrease proportionally due to the adverse shock. Howeaeegption for displaced high-skill
workers to find employment at low-skill jobs creates an addél setback for low-skill workers,
because the competition for low-skill jobs becomes moredier

Auerbach and Skott claim that the 1970s witnessed a pragiyctiowdown. Their analysis
shows that such an adverse skill neutral productivity shtlonly can explain the increase in
wage inequality among high-skill workers, but also regkctne changes in the skill-premium
both in the U.S. and in Germany, given reasonable paramaheew.

Laitner (2000) proposes a simple model based on innaterifées in the abilities of in-
dividuals, explaining some of the variations in the empiridata. Individuals endogenously
decide how much to invest in education, i.e. human capitadliiviuals have different levels
of ability that monotonically map into different levels of human capitivestments. Due to
the model'sunbiasedechnological change, each subsequent generation cad &ffowest in
more human capital. This implies that each level of abiligpsinto a higher level of education
in each subsequent generation. Therefore, in each subdegpreeration, the average level of
ability decreases in each educational cohort. As a resahiregs in each educational cohort
grow more slowly than the economy’s average earnings (Eai2000, p. 818—-819).

The model predicts that the most highly educated group’sewagll outgrow the least
educated group’s wages (Laitner 2000, p. 818-819) whiledhni@nce of log earnings will be
constant (Laitner 2000, p. 818). Thereby, Laitner's model explain the growing difference
in high school dropout and college graduate earnings, dutearowing distance between the
right and left tail of the wage distribution.

The essay in Chapter | of this thesis, “Risk, OccupationaiG and Inequality,” analyzes
a model where technology is biased towards high-skill warke the short run. High-skill
workers have an advantage in developing and producing ngwsnn the production process.
More rapid technological change implies that more highi-slarkers are employed by research
firms where workers are paid a risk premium due to the unceréurn to new inputs.

Technological change is induced by an increase in thevelatipply of high-skill workers,
which causes a decline in the wage rate for high-skill prtidaavorkers. However, more high-
skill workers seek employment by research firms and earrkgramium, thereby increasing
the average wage rate for all high-skill workers.

The Product Cycle and Inequality In recent years several scholars have picked up the prod-
uct cycle hypothesis (Vernon 1966). Development of new g@odl production of goods early
in the product cycle, non standardized goods, is assumee hagh-skill labor intensive. Pro-
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duction of goods later in the product cycle, standardizemtigpis assumed to be relatively more
low-skill labor intensive.

In Ranjan (2001), a higher rate of unbiased technologicagq@ss implies that more re-
sources are devoted to development of new goods. The s&ithipm increases for two rea-
sons: (1) the development process is high-skill intensawvel (2), at every moment in time,
the number of non-standardized goods relative to the nuofandardized goods increases.
Therefore the relative demand for high-skill workers irases, and so does the skill premium.

Mendez (2002) introduces efficiency wages in a product ffdecmodel. Firms producing
non-standardized goods pay efficiency wages while firmsymiog standardized goods pay
competitive wages. This dual labor market setting gensnatege inequality among workers
with identical characteristics that can be traced backedlifferent stages in the product’s life
cycle. Mendez also shows that the skill premium is relatethéoproduct cycle by assuming
that non-standardized goods are more skill intensive.

The essay in Chapter Il of this thesis, “Market Imperfecsiand Wage Inequality”, develops
a model lending support to the idea that a shorter produde dgcassociated with a higher
skill premium. However the product cycle in Chapter Il catsiof a developing phase and
a production phase, where the former is high-skill intemsind the latter low-skill intensive.
While a shorter product cycle on the one hand decreases feetexi profit from developing
a new good, it on the other hand decreases the number of cogpggtods on the market,
increasing the profitability of developing a new good. Thiteleeffect dominates the former and
a shorter product cycle increases the demand for highsskilkers, and thereby their relative
wage.

2 Trade and Inequality

A second set of proposed explanations falls undetréme category. During the 1960 — 1990
period, the U.S. manufacturing imports in relation to th8 WGDP grew from 2.1 percentto 7.3
percent (Sachs and Shatz 1994). Increased imports fronhogkévg countries exporting goods
that are low-skill labor intensive lowers the prices sucbdg) thereby affecting the wage rate
of low-skill workers domestically (Wood 1995; Borjas andi®ey 1995; Aghion et al. 1999).
The trade argument in its most simple form hinges on the 8ta@pd Samuelson theorem
(Stolper and Samuelson 1941). To illustrate the implicatbthe theorem, suppose that two
countries with different factor endowments but similatteslogy agree on lowering the tariff
rates. The factor used most intensely in the export sectoeflie relative to the factor used
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most extensively in the import sector, within each country.

Within this framework industrialized countries are supgmb® be high-skill labor abundant
and to export high tech goods, while developing countrieslaw-skill labor abundant and
export low-tech goods. Low-skill workers in industrialdzeountries are therefore hurt by more
liberal trade polices.

A slightly different trade argument also exist where maimiiermediate goods are traded
(Aghion et al. 1999). Itis assumed that intermediates awelskill labor are substitutes in pro-
ducing final goods. Hence, increased trade and import ofcree@ materials and intermediate
goods tend to push the wages for low-skill workers downwatds theory is complementary to
the theory proposed in Krusell et al., mentioned above, héyh-skill workers complement
capital equipment to a larger degree than low-skill workBysincreased trade in intermediate
goods combined with increased use of capital equipmentwe#dken the position of low-skill
workers on the labor market.

Borjas and Ramey (1995) emphasize the importance of inedaagoorts of durable goods.
According to Borjas and Ramey, durable goods producersreais, pay higher wages con-
ditioned on observable characteristics, and employ mainbkilled labor. Hence, increased
imports of durable goods hurts unskilled workers in two walgst, increased competition
decreases profits and hence wages, directly affecting wafgesskilled workers. Second, if
foreign competition reduces employment in the durable gasettor, less low-skill workers
find high wage employment, reducing the number of unskilledkers earning wages above
their marginal productivity (Borjas and Ramey 1995, p. 1:0080).

The link between outsourcing and globalization are ingadéd in among others Helpman
(1984) and Feenstra and Hanson (1999). Outsourcing of ldinrgknsive activities obviously
hurts low-skill workers in industrialized countries. Theadysis in Chapter Il of this thesis,
“Firm Fragmentation and the Skill Premium,” shows that aggahtrend towards outsourcing
or contracting out domestically also benefits high-skillrkeys relative to low-skill workers.
The idea is that with more outsourcing or contracting outpgibecome more specialized, and
thereby more homogenous with respect to employee skilldeW#ith more specialized firms,
high-skill and low-skill workers are sorted into differefitms and low-skill workers cannot
make up for their inferior productivity in wage negotiatgowith high-skill workers.

Trade Induced Technological Change Wood (1998, p. 1466) puts forward the ideadaf
fensive innovationsBy defensive innovations, Wood proposes that industiesacterized by
low-skill intensive production, facing increased competi by low-skill intensive imports, de-
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velop new low-skill labor saving technologies in order torgeete, thereby further eroding the
labor market position for low-skill workers.

Wood's defensive invitation hypothesis is formalized byaNe(2002). In Neary’'s analy-
sis, incumbent firms respond to entry threats by strategesiments which lower the variable
production cost, thereby keeping potential entrants dattie market. Assuming that the in-
vestment increases demand for high-skill workers and tietéduction in variable costs de-
creases the demand for low-skill workers, it is easy to saedéfensive innovations are likely
to increase the skill-premium.

Several scholars note that globalization increases maiket In the paper by Dinopou-
los and Segerstrom (1999) lower tariff rates motivate maeetbpment, via higher tempo-
rary Schumpeterian profits. Since development is high4glibr intensive, high-skill workers
benefit, relative to low-skill workers. In Ekholm and Midatt (2005), entering firms choose
technologies characterized by a higher fixed to variablérad® as the market size increases.
Supposedly fixed costs are paid to high-skill workers thgcegmnecting market size and tech-
nology choice with the skill premium.

One of the main criticisms of the trade theory is that thegxiaf high-skill goods have not
increased relative to low-skill goods, as predicted by tt@p®r-Samuelson theorem. In the
paper by Acemoglu (2003b), lower barriers to trade increlaseorice of skill intensive goods
which in turn spurs research directed towards reducing ¢dseaf producing high-skill goods,
which in turn creates a feedback, tending to lower the pridegh-skill goods.

Thoenig and Verdier (2003) elaborate on the market sizebgiesssuming that innovations
can be skill neutral or skill biased. While skill biased inations are less cost reducing, the
duration of the monopoly from the innovation is longer. Inadler economies, prior to trade,
the benefits from cost reduction outweight the benefits framgér spells of monopoly profits,
while in larger economies, ex post trade, the benefits framgéo monopoly spells outweight
the benefits from cost reduction. Therefore, lowering theiéa to trade induces skill-biased
technological change, thereby increasing the skill premiu

In the paper by Andersen (2005), a range of goods are produsemuntry exports and
imports goods according to its comparative advantagesektnading costs, i.e. globalization,
polarizes the economy. On the one hand, foreign producenpeting with domestic exporters
are sheltered by trade costs. As trade costs diminish, ti& gates for exporting firms increase,
and thereby also the wage rates in the export sector in thestimtountry. On the other hand,
domestic producers not exporting but competing with fardigns on the domestic market face
stiffer competition, and profit and wage rates thereforem@tate. In addition, Andersen shows
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that the number of goods produced in more than one countmedses due to lower trading
costs, consequently decreasing the scope for unions tacexénts. While some workers are
hurt by lower trading costs they are welfare enhancing ansk morkers benefit them.

The connection between market size and profitability ofasde resembles the analysis
in the essay “Market Imperfections and Wage Inequality"Cimapter Il of this thesis, where
instead of market size, more market power creates incentoxemore development of new
goods. In both cases research and development is highrgkifisive and greater a incentive
for research and development benefits high-skill workers.

3 Institutions and Inequality

The third category of explanations focusesinostitutional changesSeveral studies point out
the importance of institutions in explaining cross-coymtifferences in wage inequalifyThe
degree of centralization in the wage setting process appedne of significant importance
(Blau and Kahn 1996; Wallerstein 1999). If so, it seems thstitutional changes during the
1980s cannot be overlooked as explanations of changes ia waguality.

The two most common factors discussed are minimum wagdaégis and union member-
ship rates. During the 1980 — 1990 period the real value df}tlke minimum wage eroded, and
interestingly the change in the minimum wage coincides wighchange in inequality. Falling
union membership rates is another potential explanatinngsinion membership is positively
correlated with wages (Freeman 1982). A third categoryiwithe institutional explanations
concerns deregulation and privatization (DiNardo et al96t 3ortin and Lemieux 1997; Di-
Nardo and Lemieux 1997).

On theoretical grounds it is a priori impossible to deternihether unions increase or de-
crease wage inequality. If unionized workers are paid arupiemium, a wage rate discrepancy
is createdbetweerunionized and non-unionized workers. However, unions @ lenown to
decrease the variation of wagasiongunionized workers (Freeman 1980). The latter effect
always tends to decrease wage inequality, while the forered to decrease wage inequality
only if the likelihood of unionization is greater among loaypworkers.

It is commonly accepted that unionized workers earn higleeges (Freeman 1982). How-

5Gottschalk and Joyce (1999) is an exception. They point latt ¢ountries that have experienced smaller
changes in overall inequality often have changes in theathrcor skill premium or within group inequality that
offset each other, leaving overall inequality unchangedt{&&halk and Joyce 1999, p. 497). Further changes
in the supply of different skill groups and age groups expkiarge share of the difference of these offsetting
changes in inequality (Gottschalk and Joyce 1999, p. 4%8)-49
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ever, to what degree this union premium is due to a pure urifenter is the result of a selec-
tion bias where workers with some unobservable charatitease more frequently unionized,
is still an open question, since it has been difficult to rederthe results using cross section
and longitudinal estimation techniques (Robinson 1989).

Card (1998) concludes that changes in unionization patiEn explain 10 to 20 percent of
the changes in wage inequality in the U.S. during the firdtdfahe 1980s because unionization
rates increased for higher paid workers, and decreaseaviar Ipaid workers. Because the
union premium did not change during the period, this inazddhe dispersion in wages.

Deregulation in the early 1980s is a potential factor in akphg changes in inequality.
Rose (1987) provides evidence that unionized workers indgalated trucking industry earn
an above average union premium in the U.S. Both Rose andHit888) conclude that deregu-
lation decreased rents in the trucking industry and therettyced the rents and wages captured
by unionized workers.

Studies have pointed out the strong correlation betweengdsain the real value of the
minimum wage and the wage dispersion among low paid workeis,in the U.S. (Lee 1999)
and Great Britain (Machin and Manning 1994). The minimum eveagn effect the wage distri-
bution in different ways. If different workers are perfeabstitutes, workers with insufficient
productivity become unemployed. However, if different wens are perfect complements, the
employer has no choice but to increase the wage rate for thodeers paid wages below the
minimum wage. In both cases the variation in wages must dsereAlso, changing the mini-
mum wage might have spill-over effects on the wages of highe&t workers (Grossman 1983;
Teulings 2000).

If a higher minimum wage decreases the variation in wagesdrgasing the unemployment
rate, the problem faced by low pay workers is not solved. eltpoor employed workers
become poor unemployed workers. However several studibein.S. have refuted the severe
negative employment effects predicted by Stigler (194&tdad finding that the employment
effects of the minimum wage are very small, see Katz and KeugP92); Card (1992); Card
and Krueger (1994). The findings of Machin and Manning (198ghfirm these results for
Great Britain .

In addition, Acemoglu (2003a) shows that it is possible thaigher minimum wage not
only increases the wage of the lowest paid worker but alseases the productivity of low-skill
workers. In Acemoglu’s equilibrium unemployment model jgher minimum wage decreases
the rents captured by firms, but investing in new technolaggcted towards unskilled workers
makes firms the residual claimant of productivity gains. A®sult, minimum wages create
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incentives for a higher rate of biased technology changectiid towardsinskilledworkers.
However, the decreased wage inequality is not without dd#tre is indeed some extra unem-
ployment associated with a higher minimum wage.

It seems that for men, de-unionization and to some lessengttie decreasing value of the
minimum wage are important factors in explaining incregsimale wage inequality (DiNardo
et al. 1996; Fortin and Lemieux 1997; DiNardo and Lemieux 749%ard 1998). For U.S.
women the unionization rate was fairly stable during 1980srd 1998), and the falling real
value of the minimum wage stands out as the primary insbitati factor explaining increased
inequality (DiNardo et al. 1996; Fortin and Lemieux 1997).

4 Other Explanations

The presence of rents and its impact on wages are well dodedfefKatz and Summers 1989;
Abowd and Lemieux 1993; Arai and Heyman 2001; Blanchflowex etL996). If rents affect
the wage level, then it is reasonable to assume that thebdistm of rents also affects the
distribution of wages.

As mentioned above, Borjas and Ramey (1995) combine thainémg idea with the trade
argument. Abraham and Taylor (1996) briefly discuss theipisgthat within larger and more
heterogenous firms, equity motives play an important roldnéwage determination process.
Abraham and Taylor relate quite closely to the analysis éndbsay“Firm Fragmentation and
the Skill Premium” in Chapter Il of this thesis, but they dotrdiscuss how and by what
mechanisms these equity considerations work.

Machin and Manning (1997) and Acemoglu (1999) present thmthesis that increasing
the supply of high-skill workers can increase the wage ratagh-skill workers by a change
in the composition of jobs. The argument is straightforwartde optimal amount and or type
of capital complementing high-skill and low-skill workedsfer. It is assumed that firms are
required to make investments in capital before they stantcbeng for workers. Given an in-
crease in the supply of high-skill workers, the probabititynatching a high-skill vacancy with
a high-skill worker increases. If the supply of high-skilbikers is small, all firms make the
same investment, optimal for low-skill workers.

6By noting that the wage-industry correlation in Sweden ismiower than in the U.S, using data from 1984,
Edin and Zetterberg (1992) draw the conclusion that cémé@dlwage bargaining decreases the impact of rents
on wages. Using matched employer-employee data from 1995%;Arai and Heyman (2001) find evidence for
rent sharing in Sweden. This shift in the importance of rénistuitive, taking into account the breakdown of
centralized bargaining in Sweden (Hibbs and Locking 1996).
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If the supply of high-skill workers increases, the probigpibf matching a vacancy with a
high-skill worker increase. If the supply of high-skill waars is large enough, some firms open
vacancies for low-skill workers and some firms open vacantoe high-skill workers. This
increases the productivity and hence the wage rate for $kghworkers.

Acemoglu et al. (2001) focus on the distribution of rentsey propose a model where high-
skill and low-skill workers bargain over rents. Further,eftoglu et al. assume that skill biased
technological change increases high-skill workers gaiosifswitching to specialized firms.
This increases the outside option for high-skill workers] also decreases the possibility for
low-skill workers to specify redistributive wage contrgdieading to a lower unionization rate.
Hence, the drop in unionization rates does not explain tbeeased skill-premium. Instead,
both the increase in the skill premiuamd the drop in unionization rates are a consequence of
skill biased technological change.

Rosén and Wasmer (2002) develop an unemployment equitibriadel where an increased
supply of high-skill workers increases wage differenti&@sce wages are set by Nash-bargaining,
the firm’s outside option is an important factor for the oume As the supply of high-skill
workers increases, the firm’s outside option increasestaltlee increased value of a vacancy.
Since the wage is proportional to output minus the firm’s idgteption, increases in the firm’'s
outside option hurt unskilled workers relatively more tlmagh-skill workers, and the skill pre-
mium increases.

Rosén and Wasmer obtain another appealing result by intheglfiring costs into the
model. Firing costs work in the opposite direction of the femutside option, i.e. the wage
is proportional to the total output minus the firm’s outsigion plusthe firing cost. Hence,
with large firing costs, wage inequality decreases as thplguwb high-skill workers increases.
Countries in Europe are generally considered to have hifyfuieg costs then the U.S., and
Rosén and Wasmer’s model indicates that differences irgfecosts contribute to the milder
changes in inequality in most European countries.

The models just mentioned above are based on non-competitige rates derived from
bargains, usually between workers and firm owners. The “Fragmentation and the Skill
Premium” essay in Chapter Il of this thesis moves the foousdge bargains between high-
skill and low-skill workers due to shut down threats by firmraxs. Low-skill workers can
partially make up for their relatively low marginal prodivity by within-firm bargaining with
high-skill workers. Outsourcing and contracting out caliggh-skill and low-skill workers to
be sorted into different firms and as a result, the possilidit low-skill workers to make up for
low productivity via wage sharing bargains with high-skithrkers in the same firm diminishes.
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Consequently, fragmentation of production, even domaigiancreases the skill premium.

4 Contributions

Several studies have exploited the relatively high skikmsity of research and development
to explain the increasing skill premium. Globalization haseased the demand for high-skill
workers because lower barriers to trade have increasecdeinside and competition. Firms in
industrialized counties have responded either with déferisnovations or by increasing the
effort to develop new or improved goods, which in turn haseased the demand for and wage
level of high-skill workers.

The essay in Chapter | of this thesis, “Risk, Occupationali@ and Inequality”, relates
to those explanations but exploits another property ofare$eand development, namely its
inherent uncertainty regarding future profits. In econamiclividuals are in general, assumed
to be risk averse. This implies that if firms engaged in thkyrigctivity of developing new
products share risk with their employees, they must pay eyegls a premium to take on risk.
Therefore, workers employed in the research/developnemtdisare paid a risk premium rela-
tive to workers employed by firms producing an already exgsgood. Any exogenous change
that increases the expected profitability of developing geads will increase development
employment and the average wage rate of high-skill work&rnge a larger number of those
workers are paid a risk premium.

In the analysis in Chapter I, increasing the supply of hilgifi-s/orkers stimulates devel-
opment, thereby increasing the share of high-skill workimisg development work. This has
two immediate implications: First, more high-skill workeearn a risk premium. It is there-
fore indeed possible that the skill premium increases astlpply of high-skill workers in-
creases. Second, as more high-skill workers work in theldpueent sector where profits are
uncertain, more high-skill workers earn a stochastic watg, and thereby the wage inequality
among high-skill workers increases. The essay in Chaptevdgses a novel theory unifying
the increase in the supply of high-skill workers with thergase in the skill premium and in-
creased wage inequality among high-skill workers, whichlteeen observed during the last two
decades.

In Chapter Il of this thesis, “Market Imperfections and Wageqguality,” a continuous time
framework is developed to investigate the impact of varimasket imperfections on the skill
premium. In this analysis, consumer preferences for wapstvide the market power neces-
sary for development firms to cover the sunk costs assoamthaleveloping new variations of
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goods. While other studies have used similar models to aaagparately a more narrow set of
guestions, this analysis simultaneously investigatesipact of consumer preferences for vari-
ety (which provide firms with market power), shorter prodoyatles, development externalities
and capital market distortions on the skill premium. In &ddi, the model derives analytically
tractable steady state equilibrium results. It also ofteespossibility of easily adding more
sophisticated representations of consumer intertempboates.

The analysis concludes that greater market power and shpydduct cycles increase the
skill premium. The results for the effect of capital markedtdrtions are ambiguous, but im-
proving heavily distorted capital markets, increases kileggemium. Further, the less rivalrous
and less excludable the development, the lower the skithpna, since every development firm
tries to free ride on every other development firm, which sgioddecrease employment of high-
skill development workers.

Globalization, or more specificly increased trade, wasyeatognized as a candidate for
explaining the surge in wage inequality, and numerous nsodaVe been developed to for-
malize the arguments. Within this strand of the literatyr@pers concerning outsourcing to
low-wage countries, or more generally, the disintegratibthe production chain globally, are
numerous. The essay, “Firm Fragmentation and the Skill Rmaghin Chapter 111 of this thesis
complements those papers by considering specializatidriragmentation of domestic firms,
where the term fragmentation spans outsourcing as well @igsamting out. The idea is sim-
ple. High-skill workers benefit from wages based on margmaductivity, because high-skill
workers have a higher marginal productivity then low-skitirkers. Low-skill workers benefit
from wage bargaining where the outcome depend on sevetal$aand not only on marginal
productivity.

Demand faced by each firm’s good is stochastic. Firm ownerasionally threaten to shut
down the firm, and workers re-negotiate wages to motivatérmeowner not to shut down the
firm. If the production process becomes more fragmentedigerddraction of firms employ
only one type of worker, either high-skill or low-skill. Thimplies that even if the firm owner
threatens to shut down the firm, high-skill and low-skill wers do not bargain with each other
over wage rates. The possibility for low-skill workers tokeaip for low marginal productivity
by bargaining with high-skill workers vanishes. It is fuethshown that if firm owners have
limited ability to adjust employment due to long term wagetcacts, yet have the opportunity
to shut down the firm, increased demand uncertainty incsgigesize of the firm, in the steady
state equilibrium.
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Essay |

Risk, Occupational Choice, and Inequality

1 Introduction

There is a growing consensus that over the last 25 yearsisperdion of income and wages

have increased in developed countries. The U.S. and the xp&rienced a larger dispersion

earlier then most other countries but later several othentces fell in line. Those changes are
well documented by among others Forster and Pearson (2002)dispersion of wages can be
decomposed into dispersion among individuals with singlaaracteristics (residual wage in-

equality) and dispersion between individuals with différeharacteristics, such as for example
skill, experience or gender.

In order to briefly exemplify the changes, consider the cleangthe U.S. during the period
1973 to 1989. The wage rate for the 10 percent at the top of Hygewlistribution increased
by approximately 20%, greatly surpassing the growth rateages at the median, which was
approximately 5%. Even more strikingly, the wage rate fergiborest 10%lecreasedby about
25% during the same period (Juhn et al. 1993). Those divetgamds for the wage rates of
the lowest paid and the highest paid workers are likely teermprofound impact on income.
This is confirmed by Gottschalk, reporting that the real meaatio between the 80th and 20th
percentiles in the distribution shows a clear upward trerttié period 1968 to 1992 (Gottschalk
1997, p. 23).

This paper focuses on two components of inequality. On tleehamd, the distribution of
wagesbetweenindividuals with different skill levels. On the other haritie distribution of
wagesamonghigh-skill workers.

The dispersion of wages between high-skill workers and s&l-workers in the U.S. has

.1
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increased. Gottschalk’'s annual (log) wage regressionkiding a dummy variable for college
graduates shows a decreasing trend during the first paregée¢hiod, 1970 — 1980, and there
after an increasing trend during the 1980s (Gottschalk 19Bibwever, as the difference in
wageshetweercollege graduates and high school graduates increased,disgersioramong
both groups’ members also widened. There is a very smalidraat the bottom of the wage
distribution of college graduates that experienced deeidaeal wages whereas college gradu-
ates at the top of the distribution gained more then 20 péroeral terms (Juhn etal. 1993, p.
422, fig. 6).

1.1 Contribution

The central idea in this paper is that workers can make awmeactioice concerning risk ex-
posure. Exposing oneself to more risk in the model is comsila substitute for decreased
wage earnings. Endogenous choices of occupation, i.e hehet not to expose oneself to risk,
changes the economy’s distribution of wages. Workers chariaed by relative risk aversion
would never substitute lower earnings for increased ridesspaid a risk premium. Hence
there must exist a sector in the economy to which workers wéiicts and which is character-
ized by higher but more uncertain returns. The researcbisiscissumed to be such a sector in
this paper.

By this approach, this paper draws heavily on the literaturentrepreneurship, which can
be traced back to the writings of Knight (1921). Knight'sagdehave been formalized, at least
partially, by Kanbur (1979) and Kihlstrom and Laffont (1979A fundamental property of
those models is that entrepreneurs bear risk. Workers dodsecome entrepreneurs only if
theexpectedutility of being an entrepreneur exceeds tegtain utility of ordinary work with a
certain wage rate. The difference in this paper is that preéreeurs are high-skill workers that
form co-operatives, and hence do not employ workers.

A second strand of literature which this paper relies on ésgéhdogenous growth models
where growth is driven by development of new intermediatedgo This idea is formalized
by Romer (1990). The model presented in this paper augmemtseRs model by introducing
stochastic development of new intermediate goods.

The model postulates to two main characteristics of rekeactivity. First, it is assumed
that only high-skill workers can work in the research secitis is a crude enforcement of the
assumption that research is human capital intensive (BandoXavier 1995, p. 179) and hence
high-skill workers have an advantage over low-skill woser
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Second, research is stochastic. Researchers directlyfasstainty concerning the prod-
ucts ex post productivity or ex post capacity to generatityuind therefore its value. It is
common to model firms as risk neutral. Risk neutral firms mazenexpected profits and,
hence, Pareto optimality implies that risk averse agergstiege wage contracts with no uncer-
tainty. This paper models research firms as co-operatives miembers share the revenues and
the firm’s decisions are determined by the representativelmee trying to maximize his or her
utility.

The choice to model research firms as co-operatives is nettizkien literally. Co-operatives
are used in order to keep the analysis simple and emphas@rcbsfirms’ need to share risk
with their employees. Risk sharing between firms and empgi®yan take on several shapes
ranging from for example flexible working hour arrangementgrofit bonuses and options
programs where employees are offered stock shares.

The model abstracts from all kinds of risk sharing by finaheiarkets. Not allowing any
insurance possibilities via financial markets unrealigtitthis assumption is made to simplify
the model. The key assumption is that firms and workers caefibérom risk sharing. It is
however to important to recognize that precluding riskrsttacan have strong implications.
As is shown by Newman (1999), combining the standard thebgntyepreneurship (Kanbur
1979; Kihlstrom and Laffont 1979) with moral hazard consadi®ns and some risk sharing
can reverse some of the standard results. Since the anay&sy similar to the standard
entrepreneur theory some caution should be applied.

Within the framework in this paper, increasing the supphigh-skill workers shifts high-
skill workers into research co-operatives, paying a stetbaage rate. On the one hand, more
high-skill workers earn a stochastic wage rate, increagiegesidual wage inequality among
high-skill workers. On the other hand more high-skill warkearn a risk premium, tending to
increase the average wage rate for high-skill workers. Torsarize, the two main hypotheses
investigated in this paper are:

1. Anincreased supply of high-skill workerereaseshe wage dispersicaamonghigh-skill
workers.

2. An increased supply of high-skill workenscreaseshe wage dispersiobetweerhigh-
skill and low-skill workers.

The first hypothesis refers to the residual wage inequatitynigh-skill workers, while the
second hypothesis concerns the skill premium.
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1.2 Related Literature

The analysis in this paper does not fit into any of the threadrcategories generally used
to explain changes in the distribution, namely skill-b@$echnological change (Acemoglu
1998; Krusell et al. 2000), increased trade (Aghion et al991Borjas and Ramey 1995;
Wood 1995, 1998), or institutional change (DiNardo and Leami 1997; Fortin and Lemieux
1997).

The idea that an increased supply of high-skill workers icareasethe skill premium is
not new. In Acemoglu (1998), and also Kiley (1999), an insezhsupply of high-skill workers
can increase the skill premium due to an increased marketaiznventionsdirected towards
high-skill workers, possibly increasing the skill premiumthe long run. Acemoglu’s paper is
remotely connected to this paper in the sense that the skithjum increases due to changes in
the research process.

In Machin and Manning (1997) and Acemoglu (1999), incregisire supply of high-skill
workers motivates firms to open vacancies taylored to higlhssorkers, thereby increasing
the productivity of high-skill workers relative to low-gkworkers. This in turn increases the
relative wage for high-skill workers.

In the paper by Rosén and Wasmer (2002), the skill premiunosgipely correlated with
the relative supply of high-skill workers due to the incred®utside option of firms in their
wage negotiations. In Rosén and Wasmer’s paper wages anmenieed in Nash-bargains and
increases in firms’ outside option hurts low paid (i.e. Idaltsworkers more then high-skill
workers, increasing the skill premium.

It is reasonable to assume that there is an asymmetry betwgderskill and low-skill work-
ers. While high-skill workers can occupy low-skill jobsweskill workers cannot occupy high-
skill jobs. Auerbach and Skott (2005) investigate the impzica skill neutral productivity
slow down given this asymmetry. As productivity decreasaste high-skill workers occupy
low-skill jobs and residual wage inequality of high-skilbvkers increases.

A somewhat similar argument is presented in Mendez (2008)irf€entive reasons, work-
ers producing goods in the early stage of the product cydepard efficiency wages, while
workers in the later stage are paid competitive wages. Thates a wage gap between workers
in the early and late stage of the product cycle, and workeasfail to find work producing
products in the early stage earn a lower wage rate.

The paper is organized as follows. Section 2 describes tinealanodel. Section 3 sum-
marizes the results obtained. Section 4 concludes and stupam#he findings. Appendix LA
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contains a full record of notation. The subsequent appecwhtain proofs and derivations.

2 Model

The model used to study the occupational choices of highverkers originates from Romer
(1990)'s endogenous growth model. Romer’s model is chariaed by horizontal innovations,
that is new innovations do not replace innovations madeeddt complement them. A vertical
innovation process is modeled in, for example, Aghion anavittd1992). In their model
inventions lead to monopoly power, but by creative desibagtany new invention erodes the
previous monopolist’s profit, whereas in Romer’s model, opwly profits last forever. This
paper simplifies Romer's model by assuming that monopolyiterare eroded exogenously
after one period and leaving out the distinction betweeingdssand intermediate goods.

Leaving out the distinction between intermediate goodstmsigns simplifies the presenta-
tion of the model by reducing the number of concepts but cemlad¢ confusing. It is important
to realize that already produced intermediate goods cabenstiored and used in the subsequent
period. Therefore, at the beginning of each period the nurobmtermediate goods ready to
be used in production is zero. However there exists a vavietyd intermediate goods that can
be produced, i.e. in Romer’s words, there exists a varietlesigns for intermediate goods.

Workers live for one period and consume their entire wageeyTderive utility from con-
suming w units of the single consumption good. Preferenges @onsumption are described
by expected utility under the CRRA utility function:

u(w) = \flfg 6> 0.

At the expense of realism but for the benefit of simplicityfaims of non fully depreciating
capital are excluded from the model. However, the modeliohes capital that is fully used up
in the production process and therefore callgdrmediate goods

The economy’s total endowment of labor is normalized toyurWorkers can be divided
into two categories depending on the worker’s level of hurepital, high-skill workers and
low-skill workers. The fraction of high-skill workers is deted@, and hence %+ ¢ denotes
the fraction of low-skill workers. The fraction of the labimrce being considered high-skill is
taken to be exogenous. While in realigyis endogenous in this analyspgs exogenous. This
is a reasonable assumption as long as the changes in theskiplosition of the work force is
slow relative to other responses. This seems reasonaliie présent context, since switching
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occupation can be done several times during a lifetime whilman investment in general are
made once at young age.

It will be assumed that high-skill workers can replace |daltsvorkers, but not the opposite.
This implies that high-skill workers never earn less tham-8kill workers in equilibrium. If
wages for low-skill workers were higher than wages for hsliil workers, some high-skill
workers would switch to the low-skill occupation until bajhoups’ wages were equalized. It
will be assumed that there are enough low-skill workers, isuee that wages of high-skill
workers are higher than wages of low-skill workers.

The sectors in the economy can be divided into two categaepending on what they
produce. One of the sectors produce the single consumptiod gy employing high-skill
workers and purchasing a variety of fully depreciating rimediate goods. The other sector
produces the set of intermediate goods. While low-skillkeos only have the possibility to
work in the intermediate goods sector, high-skill workeasdnthe possibility to work in either
sector, either as a worker in the consumption good sectos @ member of a co-operative
in the intermediate goods sector. Co-operatives inventpgaduce new intermediate goods.
A larger variety of intermediate goods increases the ecgreointal output, i.e. generates
growth. Research co-operatives invent new intermediatelgand sell these to consumption
good producers. Therefore the number of intermediate gsoeisdogenous. The gains from
inventing a new intermediate good arise due to the one peniadopoly profit derived from
selling it to the producers of final goods. The share of high-sorkers doing research is
denotedu.

Intermediate goods are categorizeahksor new A new intermediate good is considered as
an old intermediate good the subsequent period. Hence arcbsen-operative have monopoly
for one period. The number of old intermediate goods, dehoyé,, is predetermined while the
number of new intermediate goods, denotedfyis endogenous. Old intermediate goods are
available at the beginning of the period and produced byskill{abor while new intermediate
goods are invented and produced by high-skill workers irréisearch sectoiX;; denotes the
quantity of thath old intermediate good arX}, ; denotes the quantity of thith new intermediate
good.

Since high-skill workers can choose to work in the stocleassearch sector and invent and
produce new intermediate goods, at the time of productiersét of intermediate goods is ex-
tended by those newly invented intermediate goodskj.eewly invented intermediated goods
can be used by consumption good producers. Hence, at thefipreduction, consumption
good producers can combikg+ k, different intermediate goods to produce the consumption
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Figure I.1: Choice Sequence

Final Good Producers — High-Skill Workers
Choi ce of & to Choi ce of occupation

Co-operatives Develop

@_ Real i zation of the gs

Final Good Propducers Y Producers of Old Intermediates

Choi ce of Xo; and Xj _@ Choi ce of Lo

The figure shows the sequence of choices, within a singlegeri

good.

2.1 The Consumption Good Sector

The model’s single consumption good is produced by comgihigh-skill labor, and inter-
mediate goods. Hence each firm producing the consumptiod gawst decide upon hiring a
certainquantityof high-skill labor, denote&:, and purchase a certaguantityof each available
intermediate good, i.e. chose values for all members ofgtve s= { X, [i=1,2,..., ko } U{Xn; |
i=1,2,...,ky}. The production function obeys to the standard propersiesh as diminishing
marginal productivity in each input and constant returnsdale. These properties eliminate
profits in the consumption good sector. The old intermedjatedi’s productivity is measured
by y; and the new intermediate godsl productivity is measured bg;. Formally the technology
is described by:

© 1 k 1
Y=F _Zlyi ;“+_lei T4 ae(0). (1.1)

The constant returns to scale property and perfect congretinplies that firms in the con-
sumption good sector can be modeled as a single price taking fn what follows, letP,;
denote the price of thigh old intermediate good, &, ; denote the price of thigh new interme-
diate good, and leti; denote the wage rate for high-skill workers employed in thescimption
good sector. Competitive behavior implies that prices ténmediate goods and the wage rate
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are taken as given by producers of the final good.

In every period, a sequence of choices are made by diffegenta. The order in which
choices are made is illustrated in Figure 1.1. At the starewdry period, high-skill workers
choose either to work for firms producing the final good or &tsd co-operative and final good
producers choose the amount of high-skill work&sto employ.

Next, every co-operative develops a new intermediate gaddta productivity is revealed,
i.e. the value of; is revealed. Finally, final good producers choose the gtyaafi every
intermediate input to use, and producers of old intermedjabds hire low-skill labor.

The objective function for the competitive final good proéurs
m = $ liw 1i_a+§5i 1i—a]
1= =
ko kn
— Wcsc—i;PO,ixo,i —i;F’n,an,i, (1.2)

where the price of the consumption good is normalized toyuritrofit maximizing behavior
yields the following inverse factor demand functions:

Poj = (1—0()\/i—g0:i (1.3a)

P = (1—a)g X 1.3b
_ aYy _ -1 ko v 1l—a & ywl-a

we = —=a Lz YViXs) +i:§ EeiXy; ] : (1.3c)

To obtain those first order conditions, first maximize thesgbye function in (1.2), given the
realizations of every; ande;, with respect to ever¥(; and everyX, j, takingS; as given. Those
first order conditions are the profit maximizing choices esponding to node in Figure .1,
for anychoice ofS. andanyrealization of the productivity variables, i.e. the di#fate’s.

At the tp node in Figure 1.1, the price taking producer of the final gooaimizes the
expected value of the objective function in (I.2), wherergwacurrence oX,; andX,; have
been replaced, using the first order conditions in (1.3a) @3d). This first order condition
implies a zero profit condition, but by, again, using the firster conditions in (1.3a) and (1.3b)
to eliminate every?,; andP,j, the first order condition in (1.3c) is obtained. Those firster
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conditions define the cost minimizing mix of high-skill laband intermediate goods. Since
the tecnology is characterized by constant returns to scalehe firm act as a price taker, the
scale of production is not determined by the first order cibmas but from a set of equilibrium
market clearing conditions.

The choice of technology ensures that high-skill workerghimm consumption good sector
share a constant fractioa, of total output. The inverse demand functions are intajtarmore
productive intermediate gooyor € large, increases the expenditure on the intermediate good.

2.2 The Intermediate Goods Sector

The knowledge necessary to produce old intermediate gaofisely available to all workers
and hence it is most appropriate to model the market for dkrmmediate goods as a perfectly
competitive market with zero profits. The knowledge neagsta produce new intermedi-
ate goods is only available for the workers that developednéw intermediate. Hence, a
co-operative that develops a new intermediate good bectimeesole producer of that good.
Therefore the market for a new intermediate good is chatiaeteby monopoly.

Old Intermediate Goods

Old intermediate goods are produced by low-skill labor. €egkthe analysis simple it is as-
sumed that one unit of low-skill labor produces one unit efititermediate good. Formally:

><o,i = I-o,i- (|-4)

The linear technology and the competitive market implieg the size of the firm is indeter-
minate but the industry can be modeled as if there is a singiepetitive firm. Hence the
production of a specific old intermediate gaxgl is modeled as such. The profit maximization
problem for a competitive firm producing an old intermediate

max Po’il_o’i —Wol_o’i. (|5)
I—o,i

The price taking firm takeB,; andw, as given but chooses the quantity of low-skill laldqy;,
to employ. The first order condition for this problem ensue profit, but does not, as noted
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above, pin down the number of employees in the firm. The fiddzero profit condition is:
WO == P07i . (|6)

In order to find the number of employees engaged in producirgdiintermediate good i,
combine the zero profit equation (1.6) with the inverse desnfaimction for old intermediates,
given by (1.3a). Total output and total employment in a irtdgiproducing the old intermediate
goodX, i become:

Xoi=Loi=% [ (1.7)
Wages for low-skill workers must be equal across all firmsdpoing intermediate goods
since there is no stickiness in the economy. Therefore,nbisnecessary to index the wage
rate for low-skill workers by the specific old intermediateog they produce. As seen by
(1.6), all old intermediate goods are sold at the same phaoemore productive intermediate
goods are sold in larger quantities, see (I.7). Hence itisiaoessary to index the price of old
intermediates. Hencefor®, will denote the price of any old intermediate good.

New Intermediate Goods

A co-operative producing a new intermediate good must spdned amountl, of labor units
in order to develop the new intermediate good. Ex ante, resem-operatives cannot perfectly
foresee the ex post productivity of the intermediate go@y fhlan to develop. Hence there
is some uncertainty concerning future revenues. Formha#lyuncertainty is modeled by the
log-normal random variablg. For shorter notatiorg? will be used to denote the variance of
&, i.e.var(g). Hence:

2
14 {;}2]) . (1.8)

Besides being non-negative, the log-normal distribut®rchosen because its mathematical
properties makes it easy to work with. The intuitive assuompthat development requires
some high-skill labor] > 0 introduces the fixed cost necessary to assure that cotivgsrdo
not produce an infinitely small output.

Once the new intermediate good is developed it takes on@timiggh-skill labor to produce

Ingj ~ N (In [{Es}z} —%In [{Ee}2+02} In
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one unit of the new intermediate good. Formally the techgplor research firms are:
Xni=Sni—1I. (1.9)

It is assumed that research firms are managed as co-operatinage total revenue is dis-
tributed uniformly among its members. Since research firmesdnly high-skill workers, and
all high-skill workers are identical, each member has theesabjective. The objective of the
co-operative is described by the maximization of the exgzkatility of the representative mem-
ber. The co-operative’s revenue is the quantity produceddithe price. The price is given by
the inverse demand function in (1.3b)

The maximization problem for the representative co-operamember is:

P . .
max Eu {7“' a x”?']

Shi
Shiis Prjis Xn,i

st.  (1.3b), (1.9). (1.10)

The first constraint, (1.3b), ensures that the researchpesative’s price-quantity combination
lies somewhere on the demand schedule of final good produtkeessecond constraint, (1.9),
ensures that the research firm uses the only feasible produethnology. Solving problem
(1.10) defines the optimal co-operative size for researcbmerativess, j, the optimal quantity
to produceX,; , the monopoly priceR,; and the wage for the co-operative membgy;:

Si = é (.11a)
Xni = 1;Gx| (1.11b)
Pi = (1—o)t @ {?]asi (I.11c)
Whi(s) = a%(l—a)>® {%rsi. (1.11d)

The derivations are shown in Appendix B.1. Note that the jperative’s sizeS, i, and quan-
tity produced X, is independent of. This is intuitive, all research firms are identical ex-ante
Hence, the size of the co-operative, which is determinedrbahe productivity of the new in-
termediate is realized, is equal across all research catypes. Further, since the co-operative
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members share the revenues all members are engaged in thetwa process, unconditioned
on the ex-post productivityg;. Hence, the quantity produced is equal across all research ¢
operatives. However, depending on the productivity, eacbperative sell their intermediate
good at a different price and hence earn idiosyncratic nasen

2.3 Occupational Choice

Based on the assumption that research is a human capitagiveectivity, the model precludes
low-skill workers to take any part in the economy’s resegmatess. High-skill workers, on the
other hand, have the opportunity to work in the consumptemtas earning a certain wage or to
work in the research sector as a member of a research cotioperarational worker chooses
the occupation that yields the highest expected utilitgc8iall high-skill workers have identical
endowments and identical preferences all high-skill wskeake the same occupational choice
unless they are indifferent between the two choices.

It is possible to have an equilibrium where all high-skillnkers are employed in the con-
sumption good sector. With no research sector this modelrbes a standard two sector model
and nothing new is added. Hence, it is assumed that if all-biglhworkers are employed in
the consumption good sector the expected utility of fornamgsearch co-operative will exceed
the expected utility of working in the consumption good sedormally:

u(we) < Eujwni(g)] . (1.12)
S=0 %=0

With this additional assumption it is possible to show th&tasible equilibrium requires that
the expected utility of working in either the research seotan the consumption good sector
is equal. It is very important to note that this implies that every rfésierived later, must
by checked against this condition, or equivalently, that share of high-skill workers doing
research, , is greater than zero.

If the share of high-skill workers doing research work, whis determined endogenously,
Is solved for and turns out negative, ij@< 0, then the utility of working in the consumption
good sector exceeds the expected utility working in thearesesector.

If the expected utility of working in the consumption goodte exceeds the expected util-
ity of working in the research sector more high-skill workehoose to work in the consumption
good sector. This increas&g and given (1.3c) and (1.11d) decreases the wage rate indie c
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sumption good sector but increases the expected wage i$leanch sector. Hen& must
become larger as long as the expected utility of working & ¢bnsumption good sector ex-
ceeds the expected utility of working in the research setogquilibrium the expected utility
of working in the consumption good sector can not exceed xpected utility of working in
the research sector unless all high-skill workers are eyeglan the consumption good sector.
That scenario is discarded due to the assumption stated &).(1

If the expected utility of working in the research sectoreeds the expected utility of work-
ing in the consumption good sector all high-skill worker lveihoose to work in the research
sector. To see why that is impossible in equilibrium see goos (1.3c) and (1.11d). If all
high-skill workers are employed in the research se§t@quals zero. From (1.3c) itis clear that
the wage rate in the consumption good sector eqé#adsand from (1.11d) it is clear that the
expected income from research work equals zero. Hence flexted utility of research work
can not exceed the expected utility of working in the constimnpggood sector in equilibrium.

Hence, a feasible equilibrium requires that the utility ariing in the consumption sector
equals the expected utility of working in the research seatev;) = Eu(w, ). Elaborating on
this condition, see Appendix B.2, implies the following éduium condition, from now on
calledthe high-skill arbitrage condition

We = 0% (1 — a)2~© Fr [Esil‘e] = (1.13)

2.4 Equilibrium

Table 1.1 reviews the important equilibrium variables. Téreogenous variables of interest
are the income of low-skill workers, high-skill workers inet consumption sector, high-skill

workers in the research sector and the fraction of the highvgorkers that choose to become
researchers, denoteg, We, Wn (&) andp respectively. In Appendix B.3 it is shown how to
derive expressions for those endogenous variables by camglfull employment assumptions

and the high-skill arbitrage condition.

H = 1
(1—a) [Esil‘e} 4 aEs;

(1.14a)
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Table 1.1: Equilibrium Variables

Producing Wage  Skill Level Employees/Members Fraction

Xoi Wo Low-Skill Lo, 1-9
Y We High-Skill & ®1— )
Xnii Whi(&i) High-Skill S, ou
a 1 (of
Wo = (1—a) {(p(ll__(s)} Vi“} ks (1.14b)

} ’ [Eail‘e] = (1.14c)

rsi. (1.14d)

Properties of u

Equation (I.14a) gives an expression for the fraction ofhilgh-skill workers in the research
sector. Hence this expression is constrained to be grdearzero but less than one. Since
the denominator is greater then the numeratean never exceed one. It is, however, quite
possible thafi falls below zero. This is likely to happen if the variety oflohtermediate goods
possible to produce in the period is large, kglarge. A large variety of old intermediate goods
depresses the profitability of research co-operativesymiad new intermediate goods.

At a corner, solution, i.ep constrained to zero, both hypotheses investigated in dpgip
can be rejected. It is immediately clear that an increas@enftaction of high-skill workers
in the economyyp greater, increases the fraction high-skill workers thatose to work in the
research sector. Figure 1.2 plgisthe fraction high-skill workers that choose to work in the
research sector.

Figure 1.2 verifies that ag increases, the fraction of high-skill workers that cho@setrk
in the research sector increases. More old intermediatdggemd to decrease the fraction of
high-skill workers choosing to work in the research sedbgrdepressing the profitability of
new intermediate goods. Also, Figure 1.2 is important beeduor the given parameter values it
shows thaflis positive, thereby verifying the assumption in (1.12).
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Figure 1.2: Share of High-Skill Workers in Research Sector
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The figure shows the fraction of high-skill workers employgdresearch co-operatives, for different
combinations of the relative supply of high-skill workegsand the number of old intermediate goods,
ko. For every combination ap andk,, L > O.

Properties ofwg

Equation (1.14b), describing the wage rate of low-skill kwens, have some interesting proper-
ties. Increasing the fraction of high-skill workerg,has several effects. The ter ‘f’(ll:qt‘)>a,
captures the supply and demand effects. Note that since mgieskill workers choose to
work in the research sector the effect is hamperedp imereases, 1 u decreases. The term
ko measures the higher productivity gains from more interatedyoods, obtained by low-skill

workers.

In a static setting, low-skill workers do not benefit from agker variety of intermediate
goods due to more research, ilg. higher. However, in the long run, old intermediate goods
must be the result of new intermediate goods developed lieeperiods. Hence, in the long
run both high-skill and low-skill workers benefit from a largvariety of intermediate goods.
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Properties of we and wy j

Together equations (l.14c) and (1.14d) show that on avelfagg is proportional ton, that is:

Eel-® r'o
EJ&&Y:[ EJ ' (1.15)

Hence the wage levels for high-skill workers in the consuampsector and high-skill work-
ers in the research sector move together and the log diffares determined solely by the
relative risk aversion, and the mean and variance of the log-normal distributiesnand
02. As in the case oW, W andw,; are affected by supply and demand effects, via the term
(@(1—p))%. However, wages in the consumption sector are only indyreigtpendent on the
supply of low-skill workers, vigu.

3 Results

The following section makes use of the previously defined solded model to draw conclu-
sions about wage differences in the growth economy. Regallthe paper’s two hypotheses
are:

1. Increasing the supply of high-skill workeirscreaseghe wage dispersioamonghigh-
skill workers

2. Increasing the supply of high-skill workerecreaseshe wage dispersiobetweerhigh-
skill workers and low-skill workers

3.1 High-Skill Workers Wage Distribution

Defining the income dispersion among high-skill workers, iresidual wage inequality for
high-skill workers, as the ratio of expected wage rate forkeos in the research sector to
the certain wage rate of workers in the consumption sectpii@® a measure of inequality
which, for this model, is independent of the relative supgdlirigh-skill workers. This claim is
easily verified by the equilibrium relation between andEw, j, given by (l.14c) and (1.14d).

The expected income levels of researchers and high-skikevs are linked and their relative

1
magnitude depends only on the propertieEgf/ [Eeil_e] -
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Table 1.2: Distribution of\/S

Realizationw®, of WS  Probability/Share

Wo < We HP (Wn,i (&) < W)
WS > W (1—p) +H[1—P(Wni(&) <wW)]
Inspecting the expressidg — [f# more closely, see Appendix B.2, confirms some
¢ Ee 7|10

standard economic results concerning the risk premium:

2
9 Ewp, nV {Ee}” +02 Ee (1.16a)

= >0
00 W Ee [Esil_erfe
(i
d EWn,i B {ES} +0
o w = 00 =25 >0 (1.16b)
0 Ewhi 2 ~(1+6) 2, N7
e we 00° {Ec} <{Es} +0> <0. (I.16¢)

Income inequality among high-skill workers increases wsittonger relative risk aversion,
(1.16a), and more uncertain returns to research, (I.16belge equal, increasing the expected
productivity of a new intermediate good invented by a corapee makes research more prof-
itable, which tends to increase inequality. However, astmae time, in equilibrium, the higher
profitability in research firms implies that more high-skibrkers choose to work in the re-
search sector. An increasing number of workers in the reBesctor decreases the number of
high-skill workers in the consumption good sector, inciregsvages in the consumption good
sector. Hence in equilibrium an increase in the expectedymtivity of new intermediate goods
have two counteracting effects. As (I1.16c¢) shows, the rfetefs decreased inequality.

The independence between the income dispeesioonghigh-skill workers and the relative
supply of high-skill workers is fragile. Measuring inegiiyaamong high-skill workers by the
variance wages for all high-skill workers shows that indiqpi@an increase or decrease with
an increased relative supply of high-skill workers. V¢t denote the wage rate of a high-skill
worker unconditionalon being employed in the consumption good sector or in theareb
sector. Formally the distribution &/ is summarized in Table 1.2. The varianceWsf can be
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decomposed as:
var (WS) = (1— W)02+u0? + (1 — ) (Ewni (&) — Ewe)?. (1.17)

Equation (1.17) decomposes the varianceatbthigh-skill workers into three parts, variance
amongworkers in the consumption good sectof, varianceamongworkers in the research
sector,02, and lastly the part of total variance due to the wage difféaébetweerconsump-
tion good workers and research workeiBy (&) — Ewe)®. High-skill workers producing the
consumption good are paid non-stochastic wages, therEfage= we ando? = 0. Increasing
the proportion of high-skill workers has several implicat for the overall variance. First,
from the second term of (1.17) more high-skill workers earst@hastic incomedp/d¢g > 0,
increasing the overall variance. Second, the weight of ird term, (1 — p) changes. The
weight of the this term is maximized far= 1/2 so it can increase or decrease depending on
the number of high-skill workers that already choose to deaech work.

Apart from changing the weights in (1.17), increasing thpy of high-skill workers also
changes the variance among research workegsand the wage difference between research
and consumption worker&w, (&) — We. Since the expression fav (&) is multiplicative
separable and the sign div, (&) /d@is ambiguousg? can either increase or decrease due to
increases ip. The same is true for the wage difference between high-skitkers working
with research and high-skill workers employed by final gooddpicers. Hence, increasing
the share of high-skill workerg, can either increase or decrease the variance of all higjh-sk
workers’ wages.

To avoid this ambiguity and simplify the decomposition dblavariance for high-skill work-
ers it is useful to investigate the distribution ofAf?. This also brings the analysis closer to the
empirical literature concerning wage inequality which cemntrates on the distribution of the
natural logarithm of wages. LéZ denote the variance of the natural logarithm of wages in the
research sector, i.e. vein [wn (& )]}. The expression decomposing total variance becomes:

var(lnws) = P82+ p(1— W) [EIn (Wni (&) — In (we))?. (1.18)

The multiplicative separability of the wage expressionagunto additive separability for
the natural logarithm of the wage expressions. This in tomplies that:

o _
de

d[EIn(wWn;(&)) —EIn(we)]
do

0, ~0.
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Hence the effect of changes in the supply of high-skill woske, on the variance of the dis-
tribution of the natural logarithm of wages for all highdékvorkers operates only via changes
in the fraction,, of high-skill workers choosing to work in the research eedProposition |.1
summarizes how the variance of high-skill wages changdstivé relative supply of high-skill
workers. The proof can be found in Appendix B.4.

Proposition I.1 (Residual Wage Inequality) The variance of the natural logarithm of wages
for high-skill workers, derived from the theoretical dibtition of INWS is

2
var <InWS) = pln (1 i) +u(1—p)(1—0)2 (In EE) (1.19a)

o
! {Ee}? \/{E€}? + 02

and its derivative with respect pis:

2

dvar(Inw=) 02 ) Ee
(n n <1+ {Es}z) +(1-20(1-9 (In m)

du
do (1.19b)
Hence for sufficient low shares of researchers among highaskkers,u < 1/2, an increased
supply of high-skill workers increases wage dispersion rgnioigh-skill workers. For larger
shares of researchers among high-skill workers,1/2, the wage dispersion might increase or
decrease with an increased supply of high-skill workers.

On the one hand, increasing the number of high-skill workkmisg research always in-
creases residual wage inequality, due to the fact that mgredkill workers earn a stochastic
wage rate. On the other hand, the discrepancy between tleetexpresearch wage and the
certain wage rate paid to workers employed by final good predy i.e. the risk premium, also
increases residual wage inequality. However, the lattetritaution is maximized as number of
workers in the research sector and the number of workersogegbby final good producers are
equalized. Therefore this latter effect can increase oredse the residual wage inequality as
the number of research workers increases.

By inspecting the expression far given by (1.14a), it is immediately clear thats more
likely to be less then A2 if the number of old intermediate goodts, is large, the time necessary
to develop a new intermediate goddis large, or the fraction of high-skill workers, is small.



1.20 ESSAY I. RISK, OCCUPATIONAL CHOICE, AND INEQUALITY

Figure 1.3: Residual Wage Inequality for High-Skill Worker
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The figure graphs the variance of wages, for high-skill wgkgiven different combinations of the
relative supply of high-skill laboxp, and the number of old intermediate gookis,

Note that a low fraction of high-skill workers, is associated with a low fraction of high-
skill workers choosing to work in the research segiotience, economies starting with a low
fraction of high-skill workers, but increasing the fractjoare likely to experience increased
wage inequality for high-skill workers.

Figure 1.3 plots the residual wage inequality, as definedrop®sition 1.1 for the same
parameters values as in Figure .2, As is clear from therl&igere, p is less then 12 and
consequently, the residual wage inequality for high-skitirkers increases with the relative
supply of high-skil workers.

3.2 The Skill Premium

Let T denote the ratio of high-skill workers’ expected wage ratd Bw-skill workers’ wage
rate, thatig = EW—V:’S After some algebraic manipulations, see Appendix B.5eitpression for
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T turns out to be:

1

_ (1—p) |EeX®| 7° + uEe;
= % 1oy [ ! ] - (1.20)

1
(1—p) [Esil‘e] T O LEs

The following lemma is useful for comparing the impact of axemting a standard equilib-
rium model with a stochastic research sector, the prooismgin Appendix B.6.

Lemma l.1 The expression
_a 1-e
1-a Q
describes the wage dispersion between high-skill workedslaw-skill workers if there is no

research sector.

To investigate the second hypothesis, that an increasgalysap high-skill workers in-
creases wage dispersion between high-skill workers aneslallvworkers, it is necessary to
investigate how changes witlp. That s, it is necessary to find the derivativerafith respect
to . Proposition 1.2 summarizes the results on wage dispebgtween high-skill and low-skill
workers. The proof is found in Appendix B.7.

Proposition 1.2 (The Skill Premium) Define the skill-premium as the ratio of high-skill work-
ers’ expected wage rate to low-skill workers’ wage ratentiveequilibrium:

1. The skill-premium increases with the number of high-gkorkers choosing to work in
the research sector.

2. Increased supply of high-skill workers, relative to thggly of low-skill workers, in-
creases the skill-premium if and only if:

a 1-a EiEilfelTle
AEE Ealed T ali o

10 yi%_ <Esi - [Eail‘e] 119)

and

(1-a)|Eet| T _ {L o kol ® % yﬂ S (1.21b)
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Figure 1.4: Skill Premium
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The figure illustrates the skill premium for different comations of relative supply of high-skill
workers,@, and the number of old intermediate gookis,

Corollary 1.3 If there is no uncertaintyg = 0, or high-skill workers are not risk aversé= 0,
increased relative supply of high-skill workers decreabesskill premium.

The first condition in the second part of proposition ensthrasthe skill premium increases
as the relative supply of high-skill workers increase. Teeosid condition in the second part
of the proposition assures that in equilibrium, the numideesearch workers is non negative,
see (I.14a). Both those conditions must be satisfied, bstnbt easy to prove that such an
equilibrium exist.

To prove the existence of such an equilibrium, Figure 1.49lloe skill premium for the same
parameter values as in Figure 1.2. From Figure 1.2 it is cleat for all those parameter values
there is a non negative number of research workers and tlomadeondition in Proposition
.2 is fullfilled. Further as is seen in Figure 1.4, for somaga of values the skill premium

increases as the fraction of high-skill workers increases.
— o

1
In general, large values bf |y | , and large a number of old intermediate goddsclearly

ensures that expression (I.21a) is less then unity, anceitbeavage dispersion increases as the
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number of high-skill workers increases.

Corollary 1.3 highlights the importance of risk and risk esien for the results to hold. If
agents are not risk averse or there is no risk, an increatso/eesupply of high-skill workers
decreases the wage inequality between high-skill and laliweorkers, even though high-skill
workers have the opportunity to make an occupational choice

4 Conclusions

This paper presents a stylized general equilibrium modeiented by a profit driven research
sector. The labor force is divided into two categories, kit workers and high-skill work-
ers. Capital is excluded and the time frame is collapsedargmgle period during the entire
analysis. The research sector is characterized by uncgagioffs. Due to the model’s limited
insurance possibilities for research workers, they havetr all risk associated with inventing
new intermediate goods, their opportunity cost being egone certain wage, paid by producers
of consumption goods.

In a standard general equilibrium model, without a riskyeegsh sector, increased supply
of a specific production factor, ceteris paribus, tends weelathe returns to that factor. If the
research sector is excluded, research is non-stochastioriers are risk neutral, the model
presented in this paper also predicts that increasing tgsof high-skill workers lowers the
average wage rate for high-skill workers.

However, since high-skill workers can choose to work in gmearch sector, as their wages
tend to fall due to an increased supply of high-skill workehere is a reallocation such that
the fraction of high-skill workers choosing to work in thesearch sector increases. This shift
implies that more high-skill workers are paid a risk premitanbearing risk. The reduction
in the wage rate for high-skill workers, due to the increasepply of high-skill workers, is
partly counteracted by a flow of high-skill workers from thensumption goods sector to the
research sector. Due to the flow of workers to the researc¢brsewore high-skill workers earn
a risk premium. Therefore the average wage rate for higlhws&rkers can increase due to an
increased supply of high-skill workers.

The formal analysis shows that the intuition outlined abigveorrect. There is no simple
relationship between an increased supply of high-skillkeos and reduction in wages for the
same group. The comparative advantage of high-skill werkeproducing knowledge, a good
that is human capital intensive, combined with the uncetyaassociated with research activity
blurs the standard increased supply, decreased wage argume
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Table 1.3: List of Symbols

Symbol Meaning

Cobb-Douglas exponent.

Productivity of some new intermediate good.
Productivity of some old intermediate good.

Fraction of high-skill workers in developing co-operatve
Number of intermediate goods.

Hours necessary to develop a new intermediate good.
Quantity of low-skill labor.

Price of some good.

Share of high-skill workers.

Profit rate.

Variation in productivity for a new intermediated good.
Quantity of high-skill labor.

Relative risk aversion.

Skill premium.

Wage rate.

Quantity of an intermediate good.

Quantity of the consumption good.

, A8 T T XAE<®™Q
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Appendix

LA Record of Notation

In Table 1.3 the symbols used in the paper are listed and ypegflained.

.B Proofs and Derivations

The following section contains the derivations and prodfgwious results in the paper.

B.1 The Co-operative Problem

A co-operative aiming at producing a new intermediate g&ed must spend a fixed amount
of labor units|, in order to invent the new good. Once the new intermediatel goinvented it
takes one unit of high-skill labor to produce one unit of theermediate good. L&k, j denote
of size of the ith co-operative, i.e. the total number of kaifil labor units supplied by all its
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members. The co-operatives technology is described féyrogl(1.9).

The co-operative’s revenue is given by the price times trantity produced. Since the co-
operative’s intermediate good is unique, co-operatives tamonopoly situation. Hence, co-
operatives exploit the price-quantity relation given by tdonsumption good producer’s demand
function, given by (1.3b).

The earnings are shared uniformly across the co-operativembers. Hence the earning of
each member equals total revenues divided by the numbermbers. Since the co-operative
members are identical they all share the same objectiveinzrg the expected utility of total
reveue per member. By using (1.9) and (1.3b) to substitutXguandpP, ;. Given that the utility
function is monotonically increasing and multiplicativepsirable, the following simplifying
steps are feasible:

max EuU
Pri Xn,i-Shi

[ Pn,i X Xm}
L S
s.t. (1.3b) and (1.9)

r . _1\1-a
. 1\1-a
rgax Gu D™ Snli) : (1.22)

The last optimization problem is simple to solve. Substigiback gives the results for the size
of the co-operative, the quantity produced, the price, ardrage, as listed in (I.11a), (1.11b),
(1.11c), and (1.11d) respectively.

B.2 The High-Skill Arbitrage Condition

The derivation and simplification of the arbitrage conditiensuring equalization of high-skill
workers’ expected utility from co-operative research wand working for a certain wage in
the consumption good sector, follows (note that is given by (1.11d)):

EuWwe] = Egu[wni(g)]

Wclie = Eg [Wn,i(si)l_e}

we = a%(1—a)z @ {(p(lli_”)r [Esilfe}l__g. (1.23)
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If & is lognormally distributed with mealfe and variance?. Then Irg; is normally distributed
with meanm and variance?, where

m = In [{Es}z}—%ln[{Ee}z%-oz]

52
& = In 1+{E E (1.24)
£
o
and [Esilfe] " can written as:
1 o (1-6)s? 952
[Eel e f =g (1-25)

Substituting outn ands? by use of (1.24) the final expression f{E el™ 9] become:

1

1 1+6
[EEH vo_ {Ee)T (1.26)

i - 0"
\/{E€}? + 02
L
[¢]

1
To verify thatEe > [Esilfe] " note that ifo? = Othen[Esﬂ*G] T _ —Et. Slnce[E»s1 9] )
is monotonically decreasing o¥ ando? > 0 the statement is verified.

B.3 Equilibrium

In equilibrium there is full employment and hence the maf&etow-skill workers must clear.
Since the economy’s total labor endowment is normalizedhity1 — @) is the share and the
total number of low-skill workers. The number of high-skibrkers employed in the consump-
tion good sectory;, equalsp(l— ). Thatis,@is the share of high-skill workergis the share
of high-skill workers that are members of research co-dpe®mand the economy’s total labor
endowment is normalized to unity. Low-skill labor marketgidprium imply:

Ko
ZLO’i.
i=
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Substituting the low-skill labor demand, (1.7), and sinfyhg gives:

1-9 - 2&{(1@70(”}

w = a0 %Gl [ k (.27)

Using the inverse demand function for high-skill workerghe consumption good sector,
(1.3c), is equivalent to clearing the market for high-skitirkers in the consumption good sector.
By substituting the quantity of each intermediate good u¢ed) and (I.11b), this condition
becomes:

1-a

We = O {1\;0“]7& yié] g [&1—_‘“&”1_01(”Egi. (1.28)

The number of new intermediate goo#lgjs endogenous. Each research co-operative em-
ploysl /a high-skill labor units, see (1.11a), and there a@phigh-skill labor units in the research
sector. Hence there are

a“l"—J _ (1.29)

research co-operatives and new intermediate goods.

Using the arbitrage condition for high-skill workers, @)1 the expression for low-skill
workers’ wages, (1.27), and the expression for the numbeewof intermediate goods, (1.29), to
substitute outv;, W, andky, respectively, after simplificatiopis the only unknown:

1
-6 1
:|1_ i

a%(1-a)> ¢ [1]* |Eg'®| Fo-a(1- gt v.] kS

A
1-6

a%(1—a)? @ [ﬂa [Eail‘e] QU4 ot (1 —a) (1 — o) % @uEs;

(1-o)[Ecl 9|70 (%] ol 02 M

U= (1.30)

(1-a)[Eg!°] o +aEg;

By substituting this expression into (1.27) and (1.28) thage for low-skill workers and high-
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skill workers in the consumption sector can be obtained amation of exogenous variable
and parameters, only. However, the results are quite contipdeefore it is better to kegpand
remember that is endogenous.

Finally to find the earnings for a co-operative member of theoperative indexed by,
replaceS; by @(1—p) in (1.11d). Again substituting oyt by use of (I.14a) makes the expression
unnecessary complicated.

B.4 Proof of Proposition I.1

Let InWS denote the random variable describing the natural logaridhthe wage rate for any
high-skill worker. The variance of WS can be decomposed into three parts: the variance
among high-skill consumption workers, the variance amoigi-skill research workers and
the difference between the average research and consumyage. The consumption worker
wage is non-stochastic so the first part vanishes from thendpasition, hence:

var(InWS) — U6Z + (1 — W) [Elnwn(s) — Inw]?. (1.31)

62 denotes the variance of the natural logarithm of the wageesgarch workers, which by
(.14d) equals vafing;). By (1.14d) and (l.14c):
=
Elnwy (&) — Inwe = Elngj —In [Ee}*e} .
By using (1.8), describing the parameterization of the tmymal distribution ofg; and (1.26)

the variance decomposition can be shown, by simple substitand straight forward simplifi-
cation, to equal the expression in (1.19a). The differdiutreis straightforward.

B.5 Wage Dispersion

First note that the average (i.e. expected) level of incamnéniigh-skill workers EWS, can be
written in terms ofwg:

We {(1 —H [Eﬁil‘e] e + HEEi]
EWS = - : (1.32)
[Ee-l‘e} e
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Defining wage dispersion as the ratio between the averadeskitj worker's wage EWS,
and the wage of low-skill workersy,, implies:

EWS 01—yt o(aoge (- W[Ee ]

— X
|k {vﬁ] [Es-l‘e] =

+ HEs;
(1.33)

Wo

-
@l

779
Using the equilibrium value gfi given by (1.14a) to find an expression ficf1 F} as:

@ m - ﬁ“]m o[ wa-wled -] 0ss

Substituting this expression into (1.33) and performinmeastraightforward algebraic manipu-
lations, results in the expression fogiven by (1.20).

B.6 Proofof Lemmal.l

By the inverse demand function for high-skill labor, (I.3the total wages payment for all
high-skill workers in the consumption sectogS;, are:aY. The total earnings ddll low-skill
workers,L, must equal the remaining part:

Now, given thats; = pandL, =1— @

We a 1-0
Wo 1-a Qo

(1.35)

B.7 Proof of Proposition |.2

The expression for the income dispersioigiven by (1.20), depends gnandp depends om.
Hence to find the derivativggp it is necessary to replageby the expression (I.14a) or use the
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chain rule. Replacing by (I.14a) gives:

1

q Eg — [Esil‘e] o
T = —%x — X (1.36)
yia} aEg+(1-a) [Eeil‘e} e

B 1
Esi |:E8|1_e:|l__6 |:1_a:|1—(1 |:(1_(p):|d 1_(p l:|G
X 1 —— |V
0 I :
Eei - [Esilfe} T | O Ko ¢
Simple derivation and simplification of (1.36) gives
o
dt a Eeg — |:E€ilie]
a0 = =X - X (1.37)
aEsgi + (1—a) [Esil‘e] o

arq_7l-a EiEil—elTle(p2
R e

which is positive only if (1.21a) is fulfilled. Condition @1b) is easily obtained by simplifying

> 0 using (I.14a).
To prove Corollary 1.3 note that d =0 or8 = 0:

1
Eei — [Eeil’e] T =o.

1 1
De-factorizingEs; — [Esil‘e] % in (1.37) andimposing E; — [Esil—e] % — 0 gives:

1

dt a Eei [Eeil_er__g al®f1—a]t®
% = T el e
yF aEg+(1-a) [Esilfe] o °

a al®f1—a]t®
Yi

Q=
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Essay Il

Market Imperfections and Wage
Inequality

1 Introduction

After several decades of decreasing wage inequality mdsistnialized countries have expe-
rienced substantial increases in the dispersion of wagles.UTS. and the U.K. witnessed the
change in the early 1980s while many other industrializethtiees have seen similar changes
during the second half of the 1980s or early in the 1990s (&ulah 1993; Gottschalk 1997;
Forster and Pellizzari 2000). The aim of this paper is to plea theoretical model describing
returns to skill that can be applied in a variety of economiatexts. Therefore the model allows
for varying degrees of product market power, capital madistbrtion and fixed to variable cost
ratios.

The main result in the paper is that consumer preferenceafoety increases the skill pre-
mium, shorter product cycles increase the skill premium]jendapital taxation has an ambigu-
ous impact on the skill premium. A fundamental characterstthe model in this paper is the
division of labor tasks into two distinct categories, protion and development, which have
different skill requirements. The model postulates thdy digh-skill workers do development
work while only low-skill workers do production work, a creadmplementation of the hypoth-
esis that development is human capital intensive.

Further, the model postulates that development must almaede production. Develop-
ment is costly and financed by the households via ownershiglu@t markets are not perfectly
competitive, implying that, in equilibrium, the profit ragesufficiently high to motivate house-

1.1
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holds to invest in owner shares. A key insight necessary tiexgtand the predictions of the
model is that while production employment increases witlmgetitiveness, development em-
ployment decreases because lower profits imply less ineettidevelop new products. There-
fore the skill premium is closely related to market power.

1.1 Related Literature

The connection between market power, via the ability to pag wage premia is well docu-
mented by, among others, Blanchflower et al. (1996), Niakedll. (1994). and Nickell (1999).
The discussion generally concerns the distribution of Habarket rents among workers and
owners via collective bargaining between firm and unionesentatives. This paper on the
other hand assumes perfectly competitive labor market¢selly departing from the assump-
tions of most labor economists.

This paper has similarities with Mendez (2002), which stadhe relation between product
life cycles and wage inequality. In Mendez’s dual labor neardetting, efficiency wages are
paid to workers producing goods in the early stage of the ymwbdycle, while competitive
wages are paid to workers producing goods in the later statiee @roduct cycle. In Mendez
setting, shorter product cycles affect wage inequalityjiban ambiguous directioh.

In Glazer and Ranjan (2001) preference for variety contebuo increased wage differ-
ences between high and low-skill workers. However, in Qlazel Ranjan’s paper, the main
assumption is that high-skill workers prefer consumingagoproduced by high-skill labor,
while low-skill workers prefers consuming goods producgddw-skill labor. Preference for
variety is a necessary assumption because, in the Dixit aglit5(1977) framework, increas-
ing the number of variations of a good generates a posititereality, increasing the utility of
every other variation of the good.

The paper by Dinopoulos and Segerstrom (1999) is somewmmdasito this paper. Both
papers connect the profitability of development, labelsdaech in Dinopoulos and Segerstrom,
with the demand for high-skill workers. However, in Dinopasiand Segerstrom lower tariff
rates motivate more development, via higher temporary @gleterian profits. In both papers,
high-skill workers benefit, relative to low-skill workefsom higher profits. Other studies where
high-skill workers do “fixed cost work” and low-skill workedo “production-work” are Ranjan
(2001), Ekholm and Midelfart (2005), and Burda and DIuho&f02). None of those papers

IMendez is primarily concerned with residual wage inequalie. wage inequality between workers with
similar observable characteristics, but he also brieflgudises the skill premium, which is shown to be positively
correlated with residual wage inequality.
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investigate the impact of changing the preference for tgrtee length of the product cycle,
financial market distortions, or externalities in the depahent process.

An integral part of the model is preference for variety in ®omption, modeled using the
same setup as in Dixit and Stiglitz (1977). The preferenceddety provides firms with some
market power. Without market power firms would not be ablekngr prices above marginal
cost, which is necessary to recapture development costs.

1.2 Plan of the Paper

The production side of the model is laid out in Section 2. BecB gives the various market
clearing conditions. In Section 4 households are introdutdee model is closed, and the re-
sults are presented. Section 5 summarizes and discussessthis. Appendix II.A supplies

a of record of notation used in the paper. Lengthy derivatioinkey results are presented in
Appendices I1.B and I1.C.

2 Model

Consider an economy consisting lofhouseholds, each with a single divisible labor unit. A
fraction@L of the households supply high-skill labor afid— @)L supply low-skill labor. There
are two types of goods in the economy, a consumption good arapital good. There are
nL different variations of the consumption good, wharmgenotes the number of variations per
household. There amlL different productionfirms producing variations of the consumption
good. Hence, every production firm produces a single vanaif the consumption good. New
variations are developed ldevelopmentirms.

Let k denote the amount of capital per household. The amount afatapailable for use
in production,kL, is determined endogenously. Capital depreciates and ocomstantly be
reproduced. Capital is chosen as the numeraire good anddtsip normalized to unity. It
is assumed that households supply firms with capital via @iiamarkets, but households are
subject to a capital tax or some other distortion.

The consumption good is more attractive to produce becamseecholds care for variety,
which provide firms with some market power. However, thetilifie of any variation of the
consumption good is limited and uncertain. If a variatiortted consumption good becomes
obsolete, the firm can not sell any output and the firm is shwndd@ he market for real capital
is perfectly competitive with zero profits.
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2.1 Demand

Let y denote household net incomehousehold consumptios,household saving in capital,
andm household development saving. lyet, Sandm denote the corresponding averages over
all households.

Consider any household in the economy with a net incomg arid let consumption be
given byc = y—s—m. Total saving by a household $st+ m=y—c. Total saving falls into
two different categories, real capital and owner sharege{dpment saving). By purchasirsg
worth of newly produced capital, households add new cagatié existing stock of capital. By
providing development firms witim worth of financial capital households can increase its stock
of owner shares in production firms,

The household devoteasfor consumption of the single consumption good. Instardese
utility is characterized by:

u(c) = ufv(c). (1.1)

The auxiliaryv(c) function is defined by optimal allocation of consumption iothee different
variations of the consumption googiyventhe household’s choice of consumption spendag,

no ]Te
v(C) = max [ZleB] (1.2)
% =

nL
st. Z\pixi =cC.
i=

The variablex; denotes the household’s consumption of itfevariation of the consumption
good. B € [0,1) parameterizes household demand for variety, and theredoy caintributes
to market power of production firms. The solution to this peoi (see Appendix I1.B for a
derivation) is easily obtained:

Cc
x(c) = - (I1.3a)
p/*p
B
v(c) = cpiP (11.3b)
nL p-1

p = _leiB- (1.3c)
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Since the demand function is linearapaggregate demand is consistently analyzed using a
representative agent with average consumption spendhyeiore let denote the average of
all households’ consumption spending:
cL

X(C) = —5— (11.4)
p/*p

Relation (11.4) together with (11.3c) defines the demanddtuon for any consumption good.

2.2 Capital Producers

The price of capital is normalized to unity, and the techggléor capital production is given
by a Cobb-Douglas production function in low-skill labordacapital. Capital producing firms
operate on a perfectly competitive market, which is a ldgasaumption since capital produced
by different firms are perfect substitutes in all productamtivities. The constant return to
scale technology and the zero profit condition implies thatiumber of firms competing is
indeterminate, but production of capital can be modeledth®re is a single price taking firm.
The firm manager solves the following problem:

max a KoL — rKy — wiLy.
Kk, Lk

The capital producer hires low-skill labdy,, and capitaKy. TheKy units of capital are rented
from households. The wage rate of low-skill workers is dedey andr denotes the interest
rate for capital. Overall productivity is denoted &y the marginal rate of technical substitution
between capital and labor is given by [(1— a)K] .

Each household savesin capital and thereby demandsew capital units. Aggregate
demand for new capital therefore equslls Combing the first order conditions for the problem
above with the aggregate demand for capital, Bb.= a K¢ L&*“, yields the factor demand
functions for firms producing capital:

Ke(3r) = — (11.5a)

L(sw) = = (11.5b)
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2.3 Consumption Good Producers

The production technology used by consumption good pradusethe same Cobb-Douglas
technology used by capital producers. bgtdenote the corresponding cost function. A firm
producing a variation of the consumption good can alter theleyment of low-skill production
workers instantly. Therefore, given production during arsimterval of time, the firm solves
the following problem:

max piXi — be(Xi) (11.6)
Pi

st X = cL

. L. | _—

p/Pp
1-a
Xl ow
w0 =36 [

The firm maximizes revenues minus cost under the demand ahddi®gy constraint. The
demand constraint is given by relation (11.4) and the tedbapp constraint is given by the cost
function, corresponding to the Cobb-Douglas productiorcfion. The firm treats all variables,
except the price of the firm’s own variatiop;, as given, i.e.0p/dp; = 0. This is perfectly
consistent with rational behavior only if the number of catipg firms is infinite, i.enL — oo,
Solving the maximization problem (see Appendix II.C) inggli

rotwll—o(

pi = a(1—BoC(l_a)L @ (Il.7a)
a 1-a
xi(c,n) — a‘(l_ﬁgzxm(,ll;a) € (11.7b)
I
T.i(C,N) = %C (I1.7¢)

It is immediately clear that zero profits can only occur in tways; either households do not
care for variety and firms have no market power, 3= 0, or the number of firms produc-
ing variations is infinite, i.enL — . Labor and capital demand functions conditioned on the
quantity producedy;, materialize in the process of deriving the cost functign,Inserting the
quantity given by (lI.7b) yields the factor demand funcsdar firms producing the consump-
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tion good:
ki(c,n,r) = @1’ (11.8a)
l(Cmw) — (1_“%\(;_3)@. (11.8b)

2.4 Development Firms

New variations can be developed by combining high-skilolalnd capital. More formally,
a firm hiringky;j units of capital andg;j units of high-skill labor produces the “development
intensity” zj. Depending on the modet; can have different interpretations.

In a continuous time setting, it is logical fay to represent a firm-specific Poisson process
intensity, where a development event implies that the firatsads in development a new vari-
ation of the consumption good. During a short period of lartyf the probability that a single
development event occurszgit.

The logical equivalence in a discrete time setting is fhaepresents the mean of a Poisson
distributed random variable, whemgdt is the expected number of successful developments
events during a given time periodf. Alternatively in the discrete time settirzg can represent
some index increasing in the expected number of successfalapbments.

The technology available for producing the “developmetensity” is:

10
g
L
o € (0,1).

7 =

Hence, by hiring more high-skill labor and capital, a depeh@nt firm increases the probability
developing a new variation, or the expected number of newessful developments. B
equals unity there are no externalities and the developfaeation reduces to a standard Cobb-
Douglas production function. Howeveraspproaches zero, the incentive to free ride increases
as a given firm’s development effort become less importdative to the average effort, denoted
by z.

The parametea, parameterizes overall development efficiency gmtbnotes the relative
importance of capital compared to high-skill labor. If a$3min event occurs, the firm succeeds
in development a new variation of the consumption good. Hse@ated cost functioby, and
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factor demand functions for development firms are:

r 1- ] 1l/o
o - AT e
- 1-y . 11/o
ka(zj,r,Wh) = i (1V\_NCI)r] lelc} (1.9b)
: _ yr 5. 1i/o
ha(zj,r, W) = i (1wa)1 [21210] | (11.9¢)

Those functions are easily derived noting that the prodadtinction, see I1.9, is a standard
Cobb-Douglas function with productivitgnz—° and exponentgo and(1 — y)o.

3 Equilibrium

The previous section described the overall economy andehawvior of every firm. The fol-
lowing section imposes market clearing conditions. At gwvaoment in time the market for
high-skill and low-skill labor must clear; every unit of ngwroduced capital must be sold and
every existing unit of capital must be rented by a develograeproduction firm.

3.1 The Market for Low-Skill Labor

Low-skill workers can be employed either by a firm produciagital or any ofiL firms pro-
ducing different variations of the consumption good. Fuatioyment implies:

Lk(S,wi) +nLlgi(T,n,w) = (1—@)L.

Low-skill labor demand for capital productioby(S,w; ), can be replaced by the factor demand
function in (11.5b).n andl(c,n,w; ) are eliminated replacing the factor labor demand function
using (11.8b). Solving fomy:

(1-a)[(1-B)c+5

W = o . (I1.10a)

Low-skill workers benefit both from increased consumptind encreased capital savings. Both
increase aggregate production, to the advantage of loNweakikers. Stronger preference for
variety provides production firms with some market powerchhilecreases supply and thereby
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the demand for production workers, i.e. low-skill workers.

3.2 The Market for High-Skill Labor

Given that a high-skill or low-skill worker sava by financing development of a new product, it
is clear from the cost function (11.9a) and the factor demtmattion (11.9¢), that the household
employsm(1—y)/wy, high-skill labor units. Total high-skill labor demand teésre equals:

oL 1— (1-@L 4
Y 1-y —
—— My + —m; =mL
i; " i; W
Assuming full employment, simplifying, and solving fo#, yields:

Wh = ﬂm (11.10b)
¢
Itis immediately clear that high-skill workers benefit fronore development saving. Realizing
that consumption, real capital saving, and developmermgare rival, high-skill and low-skill
workers’ wages are clearly driven by very different undexdyforces.

The wage rate of low-skill workers is adversely affected bgf@rence for variety directly
via the 1- 3 term, as seen by (I1.10a). The effect of preference for i likely to be
the opposite for high-skill workers. A larggy increases the profit rate of firms producing
variations of the consumption good, increasing the ingestto invest in development firms,

l.e. increasingn.

3.3 The Markets for Capital

Households supply production and development firms witltakaisince there is no alternative
usage for capital, aggregate capital supply egilsDemand for capital by firms producing
capital, K(S,r), is given by (Il.5a). There araL production firms. Each production firm’s
demand for capital is given by the factor demand functiorliBg).

Aggregate capital demand by development firms is obtainesibyming over every house-
hold’s development investment. By the cost function andofademand functions in (11.9a)
and (11.9b), any household investingin development hireswy/r units of capital. Aggregating
over all households is straightforward, and equalizingegate capital supply with aggregate
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capital demand implies:

_a[(1-pjc+§+ym (11.10¢)
- . :

r

The interest rate increases if consumption, capital imvests or development increase, since
capital is used in production as well as development.

New capital is produced by capital production firms and bobgthouseholds. Aggregate
household spending on, and thereby demand for, new capiialssL. The aggregate supply
is given by the production function of capital producers, a K L&f“, together with the factor
demand functions in (11.5a) and (11.5b). Clearing the mafke new capital implies:

1— m : [1\;—?} o (11.10d)

4 Households

This section closes the model by adding households. Addngéholds is, in principle, neces-
sary to determine average consumptigraverage capital saving, and average development
savingm. Several possible configurations are possible. For exarif@enodel can be set in ei-

ther continuous or discrete time, or in infinitely lived oreohapping generations of households.
The configuration used here is a continuous time setting wiihitely lived households.

4.1 A Simple Household Model

The income of any household in the economy can be written as:
y =W+ (1—1)(rk+ 1) +1(rk+ ), (1.12)

wherew denotes the wage rate; for a household that supplies low-skill labor awd for a
household that supplies high-skill labdrdenotes the amount of capital owned by the house-
hold,ndenotes the number of production firms, i.e. shares, theghald owns, and is a tax on
financial income or more general a capital market distortidre second tern{,L — 1) (rk + ™)
is the financial income from owning capital and productiomérrk captures interest payments
by firms renting the household’s capital, amdaptures dividend payments.

The parametert € [0,1) has two interpretations. Either it parameterizes a finhncéket



4. HOUSEHOLDS .11

imperfection, i.e. a transaction cost paid by householdleaed by financial market inter-
mediaries. In this case, the fourth termn(k+ 1) distributes the profits earned by financial
intermediaries uniformly over all households. Alternatiwt can be viewed as a tax on sav-
ings, paid by households, where the tax revenues are unyfahsiributed as a lump sum to
each household.

Consumption and Saving

Households maximize the discounted value of lifetime tytitif consumption: [’ e Ptu(c)dt.

At every moment in time the household must obey the instaoias budget constrain=
y—s—m, i.e. divide its income into consumption, saving in real capitals, and saving by
financing developmenm. Let k' denote the next period’s capital holding. The law of motion
for capital isk' = (1 — &dt)k+ sdt, given that the price of capital is normalized to unity anel th
depreciation rate i&.

Development saving by some householanis The probability that the development firm
succeeds ig(m)dt. Clearly, development saving is risky. To simplify, it issasned that house-
holds cross-insure their savings in individual developtifiems, thereby completely eliminat-
ing risk. The law of motion for shares in production firms i8:= (1 — qdt)n+ z(m)dt. qdt
parameterizes the probability that the variation produmed specific production firm becomes
obsolete, i.e. that a shut down shock occurs with probgllitt. The decisions of a rational
household satisfies:

V(k,n)= max u(c)dt+1+pthV(k’,n’) (1.12)
s,m
st ¢ =y-s-m
K =(1-0dt)k+ sdt
n  =(1-qdtn+z(m)dt

Differentiating the value function and using the first ordenditions result in the following
characterization of optimal consumption and developmaving:

1-Or = p+d— C:(/@

E¢/c (I1.13a)

(1-DZ(mT = p+q-" ™ Ern/m. (11.13b)
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Those relations form a no-arbitrage relation between thenes from capital and development
saving.

Steady State

If the economy is in steady state, the change in consumptidrdavelopment saving is zero,
i.e. ¢ =0, andm = 0. Further, the household’s holdings of capital and ownareshdoes not
change. From the laws of motiokl,= k — s= dk andn’ = n — z(m) = gn. Therefore in steady
state:

_ p+9d
r = 11 (1l.14a)
_ P+q
sk) = ok (1.14c)
zlm) = gn (11.14d)
c = y—0k—Dby(gn). (Il.14e)

Due to the assumption that households are fully insurealdpment saving is non-stochastic.
Combining (ll.14a) and (l1.14b) gives a steady state notatpe condition:

_praq r_
Tk (11.15)

The interpretation is straightforward. If the shut dowremgity,q, is high relative to the
depreciation rated, the profit rate must be higher to provide households witlemtige to
save in development (m) is the marginal “development productivity”. The marginakt of
saving in development is inversely related to marginal podigity, and a high relative marginal
development cost naturally makes households demand arlggh®ff, i.e. a higher profit rate,
for saving in development instead of real capital.

Aggregation

Capital saving may differ among different households, bigtlinear in capital wealth. Aggre-
gating over every household’s capital saving, given byL4it), implies:

5= oK. (11.16)
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The model is most easily solved by assuming that in the interval0,1). If o € (0,1) the
probability to succeed in developing a new variations isat partly, but not only, dependent
on the development efforts in other developing firms.

Replacingmt by use of (1l.7c) and replacing(m) by use of the cost function in (11.9a),
condition (11.14b) defines a unique optimum for developnsawing:

2 M} o [ah [Y}V {ﬂ} 11 100, (11.17)

m(T,N, T, Wh,2)

(p+aqmn r Wh

The most important property of household development gasithat it depends only on aggre-
gate, non-household specific, quantities. Therefore ggtgalevelopment saving is distributed
uniformly over the population, and household and averageldpment saving is identical.

Given household saving in development firms, every houskhsteady state wealth in
shares can be computed by use of relation (11.14d). Effidemaélopment firms minimize costs.
Using the inverse of the cost function in (11.9a), and notihgtby = m, nis solved for as:

2z

- r (11.18)

Ba—ve [y [1-y]* ]
s

It is immediately clear that households’ share holdimgsnly depend on aggregate quantities
and therefore, every household has the same amount of virahthres. This is of course a log-

ical consequence of the previous result that every houdisti#velopment saving is equalized.

Using thatn = n and solving fom yields:

Ti(T, 1, Wh,2) = F} o [ahGB(l—t)C [\_/}v [1—\/} 11 0. (11.19)

q pP+dq r Wh

Inserting the average households’ share holdingsgjiven by (11.19), into the expression for
householdand average development saving, given by (11.17), reducesageedevelopment

2With decreasing individual returns to development invesitio < 1, efficiency requires uniform investments.
This result parallels the inequality growth result that @essary condition for inequality to affect growth, via
human capital investments, is that capital markets arerfapeAghion and Howitt (1998); Aghion et al. (1999).
Capital on the other hand is not subject to individual desirgareturns, and the distribution of capital does not
affect efficiency.
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saving significantly:

m(c) = Lsp(i ;T)C. (11.20)

The market clearing conditions, i.e (11.10a), (11.10b) ghidLOc), provides the basic rela-
tions necessary to solve fork andw,. The remaining endogenous variables can be solved or
eliminated. The steady state interest nais pinned down by (Il.14a), and the wage rate for
low-skill workers is then given by the capital market clegricondition in (11.10d). Average
capital savings, is eliminated by (11.16), and average development savimgs eliminated by
(11.20). The resulting system of three equations is:

(1-a)[(1-B)c+0k] —(1-@w = O (I.21a)
(P+a)ewh—(1-y)goB(l-1)tc = O (1.21b)
[a(p+a)(1—B) +ygoB(1—1)]c+ (p+q)(ad—r)k = O. (1.21c)

Solving this system is straightforward. To simplify the a&iodn, letA be defined as:

A = rp(1-B)(p+0q)+ayopd(1—1) > 0. (11.22)

The solution to the system is

r = i—tf (11.23a)
W o= (1-a)a™® [%]1_ (11.23b)
Wy = Oqﬁ(l_z)(r_aé)lc_p(plv_v'a (11.23c)

_ qoB(l-y)(A-T)(r—ad)1-¢
w = (1—a)b o (1.23e)

wherew = w,/w; denotes the relative wage of high-skill workers, compaeoddw-skill work-
ers. The skill-premium is defined asun
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Comparative Statics

The main concern of this paper is the return to skill. Sineedteady state equilibrium condi-
tions provide analytically traceable expressions for atl@gyenous variables, the skill premium
Is easily investigated. To investigate what determinesskiépremium, Inw is differentiated
with respect to the key parameters of the model.

Skill Composition The standard increased factor supply—decreased factonregic holds
for both kinds of labor, as seen by the negative derivativa afwith respect to the fraction of
high-skill households, i.ap:

dinw -1

o = (p(l_(p)<o_ (I1.24a)

Hence, increasing the relative supply of high-skill housdb decreases the skill premium.

Preference for Variety The impact of preference for variety on the skill premiumescribed
by the derivative of lmo with respect t@3. After some algebra:

dinw  (p+9)(p+0)
g~ BT

> 0. (11.24b)

Increasing3 makes households more inclined to spread out consumptioa evenly over
all variations given any fixed set of prices, implying greatearket power for the producer
of any variation. On the one hand, it follows from (11.8b) tlggeater preferences for variety
decreases the per firm demand for low-skill labor as the sugf#ach firm decreases.

On the other hand, it is clear from (ll.7c) that stronger grefice for variety increases the
value of a firm producing a variation, which in turn increasies incentives to develop new
variations. Naturally greater incentives to develop newat®mns translates into increasing
demand for high-skill workers; see (11.14d). Thereforethe short run, before the number
production firms adjusts, increasing the preference faetsamcreases the skill premium.

In the long run the number of production firms and developrfiems, n andm, changes,
thereby altering the demand for high-skill and low-skilbéa. As seen by the comparative
statics and reasoning above, it is clear that in the shorasuwell as the long run increased
preference for variety increases the skill premium.



11.16 ESSAY Il. MARKET IMPERFECTIONS AND WAGE INEQUALITY

Taxation Increasing the tax rate on income from capital and ownereshae. increasing,
has an ambiguous effect on the skill premium.

dinw ad n 2qyodp 1

dt  p+d[l—-a(l-1) A 1-1

(I.24c)

The sign is ambiguous and the effect is non-linear. It is éasee, inspecting (11.22), that
Ais bounded and strictly positive &s— 1. This implies that for large distortions the derivative
is infinitely negative. It follows that ift is sufficiently close to unity, improving the financial
market increases the skill premium. Hence improwsdficientlydistorted financial markets
increase the skill premium.

It is a bit surprising that the result is ambiguous. The hsghllabor market clearing con-
dition in (11.120b) implies that the wage rate for high-skilbrkers is proportional to the average
saving in development firms. Saving in development firms isiin proportional to one minus
the tax rate, i.e. £ 1, as seen by the steady state expressiomfetated in (11.20). However,
by the same expression, it is clear that average developsagimtg is proportional to average
consumption spendin@, Increasing the tax rate on financial income increases geeran-
sumption, and, the effect on development saving is thezedorbiguous, as is the effect on the
wage rate of high-skill workers.

The wage rate of low-skill workers clearly decreases asdkedte increases. Increasing
the tax rate increases the steady state interest rate, antbivers the wage rate of low-skill
workers, as seen by (I11.23b). This is a equilibrium resulapital is the numeraire good and
the wage rate of low-skill workers falls out, clearing therked for new capital. As its price is
fixed, the wage rate of low-skill workers must adjust to clis market.

Clearly it is difficult to predict a priori, whether financiatarket distortions increase or
decrease the skill premium. However, excluding capitainfthe model yields unambiguous
results. Lettingy — 0 andy — O renders capital redundant in the development and pramtucti
processes. The derivative reduces to:

S =17 <0, (11.24d)
a—0
y—0

Shut Down Intensity The expected lifetime of a variation of the consumption gizodi/q.
Decreasing the expected lifetime of variations of the camsion good, i.e. increasing, in-
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creases the skill premium:

dinw — p(1-PB)(p+9)
dqg q(l-1)A

(I.24¢€)

On the one hand, decreasing the expected life of variatibtiseoconsumption good de-
creases incentives to develop new variations in the shorasuifetime profits decrease. On the
other hand, in the long run shorter life spans decrease thbeauof variations available, and
thereby increase the profit rate of each producer, incrgdbmincentives to save in develop-
ment firms.

In steady state, increasing the shut down intensjitynplies increasing average develop-
ment saving over average consumption, see (11.20). Thisishiavor of development saving
increases the demand for high-skill workers, which inceedbke steady state wage rate. Shorter
product cycles therefore raise the skill premium.

Development Externalities If development generates strong externalities, oecloser to
zero, the skill premium is smaller:
dinw (1-B)(p+9d)(p+0+0q)

A smallero decreases every households marginal benefit from develdmsaeing, since
the households are uncoordinated and fail to internalies gositive external effect on every
other household. A lower marginal benefit decreases thaiives to save by financing devel-
opment firms, thereby decreasing the demand for high-skitkers. In the end, the wage rate
of high-skill workers must decrease to maintain full emph@nt.

5 Conclusions

The model presented in this paper puts forward the idea ftimagh-skill workers are mainly
used indevelopinggoods and low-skill workers mainly are usedproducingexisting goods,
various market imperfections can alter the skill premium.

All actions by agents in the model are based on rational mizgition of lifetime utility
and profits in a general equilibrium setting. However to difpponly steady state results are
considered. Therefore all results pertain to the long run.
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The model assumes perfectly competitive labor marketsttaerdby departs from the exist-
ing branch of literature investigating the effect of labaanket imperfections on the wage rate.
Capital market distortions are also introduced. The papasin results are:

e Greater preference for variety in consumption increasestkiil premium.

e Shorter product cycles increase the skill premium.

e Financial market distortions, such as taxes, changes th@m=mium.

In the short run, preference for variety translates intok&iapower for firms, increasing
profits but reducing supply. Reduced supply reduces the dérwa production workers, i.e.
low-skill workers. Higher profits stimulates developmeftnew variations of consumption
good, thereby increasing the demand for development werker high-skill workers. However
since the supply of low-skill and high-skill workers is fixgtle decreased demand for low-skill
workers translates into a lower wage rate, and the incredsethnd for high-skill workers
translates into a higher wage rate for high-skill workers.

Shorter product cycles, all else equal, reduces the profiyatil§ developing new variations.
In the long run however, the number of variations decreasethe income share spent on de-
velopment relative consumption increases, thereby isargahe skill premium. The model
thereby points out shorter product cycles to be a potentf@beation for the increasing disper-
sion in wages during the last 30 years.

The result for taxation on non-labor income, is ambiguowmsa model without capital, a
non-labor tax decreases the skill premium. With capitalkee@essary condition for a non-labor
tax to decrease the skill premium is that the initial tax iiskently high. This is a weak pre-
diction, but nevertheless the model hints that there is aection between financial institutions
and the skill premium, pointing towards financial liberalibn as a possible explanation of the
changes in the skill premium during the 1980s.

The model presented in this can easily be extended on theholdsside in order to model,
for example, distorted financial markets and different letnadd characteristics, such as risk
aversion or different degrees of precautionary saving. fMbeel, therefore, is rich in future
research prospects.
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Appendix

II.LA  Record of Notation

In general, any variable with an overbar represents an geetsually with respect to house-
holds or households supplying either high-skill or lowhsliabor. i is used to index a specific
firm producing a variation of the consumption good wljiie used to index a specific develop-
ment firm. A complete list of the symbols used in the papereésented in Table 11.1.

II.B  Demand for Variations

The aim of this section is to derive the demand function faheaariation of the consumption

good, given a certain degree of preference for variety. éPeetce for variety is modeled as
in Dixit and Stiglitz (1977). By consumingL different variations of the consumption good,
household utility is:

nL

o b

ForB € (0,1), consuming an extra unit of any of the variation decreasesnarginal utility of
yet an extra unit of the same variation, and therefore coessiprefer to increase consumption
of all variations. Only if prices differ, will a single houiselds consume different quantities of
the different variations.

Given a fixed consumption budgeta utility maximizing household must act as if solving
the optimization problem:

v(X) = xil_[3 =
m;x I;[ }

L
st. leixi =cC.
i=

Let udenote the Lagrangian multiplier due to the budget comstrdihe first order conditions
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Table I1.1: List of Symbols

Symbol Range Interpretation

[0,1) Capital's “weight” in production (Cobb-Douglas).
High-skill workers’ productivity.

Low-skill workers’ productivity.

Preference for variety.

Cost function for production firms.

Cost function for development firms.

An arbitrary household’s consumption spending.
Aggregate consumption spending.

Depreciation rate of capital.

Abbreviation, defined in (11.22).

Capital’s “weight” in development (Cobb-Douglas).
High-skill labor used by an arbitrary development firm.
An arbitrary household’s capital holding.

Capital used by an arbitrary development firm.
Aggregate capital used producing capital.

Number, i.e. the measure, of households.

Aggregate low-skill labor used producing capital.

An arbitrary household’s investment in development.
An arbitrary household’s holding of development shares.
Fraction of households supplying high-skill labor.

An arbitrary consumptin firm’s profit rate.

Price of an arbitrary variation.

Auxiliary price index.

Poisson intensity at which variations become obsolete.
Households’ discount rate.

Interest rate.

1 - o: Free riding possibilities in developing.

An arbitrary household’s savings.

Tax rate on non-labor income.

Instantaneous utility function.

Auxiliary utility function (w.r.t. variations).

Lifetime utility.

The skill premiumwi/w.

Wage rate for households supplying high-skill labor.
Wage rate for households supplying low-skill labor.
Quantity of an arbitrary variation.

An arbitrary household’s income rate.

Development intensity of an arbitrary development firm.
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are.
B
3 nL 1-B 1-B _
xiB[Zxk +up = 0 Vi (11.25a)
k=1

nL
Zkak—C = 0. (||.25b)
k=1

The relative demand of any two variations is easily derivedikision of equation (I11.25a)
for two distincti’s. Using the resulting expression to eliminagan (11.25b) and solving for;,
results in a demand function for ary(i is arbitrary):

Xi:

o
Il
™M
o]
=~
os]

The last three relations verify expressions (11.3a) — ¢).3

II.C Supply of Variations

Consider the producer of théh variation of the consumption good. The problem of the firm
manager is to maximize the instantaneous profit rate. Ingdgarthe manger must obey the first
order conditions of the optimization problem:

TT= max Xpi—be(X) (11.26a)
X, Pi
st. x5 = —1C/:B - (11.26Db)
Pi" P

be(X) = bex;. (I1.26¢)
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Naturally managers must choose a price quantity pair onéngadd curve, given by (11.26b).
The demand curve was derived in Appendix II.B. The only défee is that spending by
a single household;, has been replaced by aggregate spendgobtained by horizontal
summation over all households.

By (I1.26¢) managers are constrained by the constant rétuscale technology defined by
the second constrain in problem (11.6). For a simpler e>qi1m;f)c is used to denote marginal
production cost, accordingly defined as:

1-a —a awl—cx
A a a réw;
= [(120) () 127
As in Dixit and Stiglitz (1977), it is assumed that managersrtmok the impact of changing
their own price on the indep, defined by (11.3c). This is only perfectly rational if theigean
infinite number of competing firms. Solving the problem abbyenserting the cost function

into the objective function, and usingto denote the Lagrangian multiplier due to the demand
constraint, the first order conditions are:

pi+bc+p = 0 (11.283)
1C 4P

X+ == — 0 11.28b
PP

The output price of théh firm is easily solved for by direct insertion of (11.28a)da(i1.28c)
into (11.28b) to eliminatex; andp. The result is a pricing rule with a constant mark up over
marginal cost:

be
1-p

Clearly if there is no preference for variety, ife= 0, the market becomes perfectly competitive
and price equals marginal cost. In order to determine thetgyaupplied by each producer,
Xi, pil/Bf) must be computed. As is clear from the pricing rule in (I1.2%4dl producers set the

same price, since they all have the same technology. The ipdex, defined in (11.3c), reduces

(1.29a)

pi =
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to:

5 17
p = ﬁL[l_B] . (11.29b)

Given the price index and the demand curve, (11.28c), th@lgupf any firm, indexed by, is:

P = (1TB>C. (11.29¢)
nbcL
Insertingp;, p andx; into the profit function defined in (11.26a) and simplifying/gs:
- _
T, = R (1.29d)

After replacingC with TL andb by (11.27), relations (l1.29a) — (11.29d) verify (1.7a) -H(7c).
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Essay Il

Firm Fragmentation and the Skill
Premium

1 Introduction

Following the recognition of the massive increase in waggurality in the U.S. in the 1980-
1990 period, economists’ slumbering interest in distidnel questions was awakened. Several
theories have been proposed to understand the changes. ddtecommon revolve around
skill-biased technological change (Berman et al. 199&ygased competition from low wage
countries (Wood 1995), and institutional changes (Fontitheemieux 1997). One purpose of
this paper is to augment those explanations by investig#tia effect of domestic outsourcing
and domestic sub-contracting on the skill premium.

The massive changes in the U.S.wage distribution durindl&%—-1990 period are well
documented. Wage inequality in U.S. increased rapidlynduthe 1980-1990 period due to
increases in most of the different components of overallenvagquality. The skill premium,
or returns to education, increased, returns to experiemeased and residual wage inequality,
or inequality among individuals with similar charactearst also increased (Gottschalk 1997,
Juhn etal. 1993).

Gottschalk points out that “... the increases in the colf@genium are being driven more by
the decline in real earnings of high school graduates thahdyncrease in earnings of college
workers” (Gottschalk 1997, p. 30). Any full explanation bétchanges in the skill premium in
the U.S. is therefore obligated to present a plausible aasanf absolutelecreasan earnings
of workers with relatively low education.

1.1
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The rapid increase in U.S. wage inequality during the 198097period is unmatched by
any European country. Gottschalk and Smeeding (1997) suiraenthe changes in Europe.
While the U.K. stands out in the European family by experiegdarge increases in earnings
inequality during the 1980-1990 period, the European eapee is in general mixed. Most,
but not all, countries experienced some increases in eggmequality. For Sweden the results
differ depending on choices of periods and measuremensdvatal studies describe increased
inequality (Gottschalk and Smeeding 1997; Gustafsson ahahd? 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 analysis, i.e. competiwages, with rent sharing theories
where workers bargain over wages. On the other hand it hgpaés that changes in the skill
premium can be explained lomesticdisintegration of production which prohibits workers
with different skill levels to negotiate with each other oweage rates. In addition, the model
investigates what factors cause outsourcing and conmtgaotit. An important property of the

framework is that firms operate under uncertainty. This taggty causes firm owners to oc-

casionally threaten to shut down or relocate productionpleyees are therefore occasionally
subject to the risk of unemployment.

Workers can influence firm owners not to shut down the firm bygetiating wages, i.e.
agreeing on lower wages to avoid unemployment. This assamipitroduces wage bargaining
in the model. As opposed to many other labor market modelskew® do not bargain over
profits but rather to avoid unemployment, i.e. workers biargaer losses.

Firm owners always have incentives to threaten to shutddwenfitm in order to lower
wages and thereby increase profits. However, rational werely considecredible threats
If a firm owner credibly threatens to shut down the firm, woskagree on lowering wages
precisely such that firm owners are indifferent betweentstgitlown the firm or continuing
production. Credible shut down threats put workers in adoargg situation. Workers do not
primarily bargain with firm representatives since the to¢aluction of the wage bill necessary
for firm owners not to shut down the firm is known to all partiestead, workers with different
characteristics must agree on the distribution of wageatsais.

The model developed in this paper focuses on two types ofaverkigh-skill and low-skill.
Whether two types of workers, in general, should form a ginglion that bargains with the firm
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representative or bargain separately is discussed in HonAlinsky (1988). Their results

indicate that high-skill and low-skill workers should forsingle union if they are substitutes.
The model in this paper is set such that high-skill and lovil-slorkers bargain over a fixed

surplus. That is, the maximum total surplus that can be etadaby all workers together does
not depend on whether high-skill and low-skill workers foansingle union or not. Therefore
it is reasonable to assume that high-skill and low-skill kers form two separate unions. To
see why, consider first the case where high-skill and low-skirkers form an alliance. In this

case the distribution of the surplus between high-skill g skill workers is determined by

the political mechanisms within the single union. A mediatev outcome would dictate the
minority group its outside option. The minority group woulten always leave and form a
separate union.

Given this basic setting, the model investigates how laleonahd and wages are affected
by firms’ option to default on labor contracts, but also howr@ased utilization of external
provision of labor by firms affects wage rates and the skéinpium. The reliance of external
provision can be categorized into two broad categoragsourcingand contracting out In
both cases the final goods producer hands over the employandniore or less of the em-
ployer responsibilities to a third party. In the outsougcoase the final goods producer can be
fully detached from the third party employee, while in th@tacting out case, the final goods
producer provides capital, like office space, machines fiwaoe tools, to the third party em-
ployee. Henceforth the terfragmentatiorwill be used instead of outsourcing and contracting
out.

In a less fragmented economy more firms employ a mix of highaskd low-skill workers.
Low-skill workers benefit from bargains relative to highisworkers if firm owners threaten
to shut down the firm. Therefore, shut down threats terdbtweaseahe skill premium in dess
fragmented economy.

1.2 Some Supporting Data

The graph in Figure lIl.1 plots the inverse of plant size agathe skill premium during the
20th century in the U.S. The correlation is striking:

e 1900-1940: Plant size increased and the skill premium deetk
e 1940-1980: Plant size and the skill premium were relatigblst

e 1980-2000: Plant size decreased and the skill the premicreased.
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Figure 111.1: U.S. Skill Premium and Manufacturing Plant&i
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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 indexed relative to 1995.r8euMitchell (2005)

Needless to say, Figure 1ll.1 does not prove that fragmematcreases the skill premium.
First, plant size and firm size are related but not identi&sdcond, firm size and firm homo-
geneity,with respect to employees, are different concdgtsvever, it seems plausible that in
an economy with smaller firms, there is a larger number of lgamous firms. This is also
confirmed by Kremer and Maskin (1996) who present evideneetadnd where high-skill and
low-skill workers are sorted into separate firms.

Recognizing these caveats, the figure hints that fragmentean be important for explain-
ing changes in the skill premium.

1.3 Related Literature

In the discussion of the impact of unions on wage inequdfitgeman and Medoff (1984) ar-
gue that unions favor wage equality because unions prefgiesiate wage policies to individual
wage policies. Freeman and Medoff put forth a few arguméHitst, because of political mech-
anisms within the union, unions favor the majority of wokethereby favoring redistributive
contracts. This result follows, for example, by applying thedian voter theorem. Second,
Freeman and Medoff argue that unions tend to equalize wagesddeological reasons favor-
ing worker solidarity and organizational unity. This argemhparallels the brief discussion in
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Abraham and Taylor (1996) concerning the possibility thiéthiw larger and more heterogenous
firms, equity motives play an important role in the wage dateation process.

Besides favoring single rates across its members, uniowisttedecrease wage inequality
by favoring single rates across firms and industries. Nortleasfe arguments are applicable for
this paper since high-skill and low-skill workers are menska separateunions, whereby the
political mechanisms within unions are sidestepped, saticemembers are identical. Further,
every worker behaves in a neo-classical way; that is, everkev acts as if maximizing his or
her utility without any egalitarian considerations. Flgalnions are firm specific and do not
synchronize policies across firms or industries.

Borjas and Ramey (1995) relate to this paper by discusseigrthortance of the distribution
of rents for the wage distribution. They claim that the indes that are hurt the most by
import competition from less developed countries are maatufing firms earning rents. These
firms, according to Borjas and Ramey, employ relatively memy-skill workers. Tougher
competition decreases both rents and low-skill employnmemanufacturing firms. Hence, the
low-skill workers are hurt “twice” from increased importropetition.

The analysis in Kremer and Maskin (1996) shows that if theatian in skill levels is
sufficiently low, it is efficient to match low- and high-skiVorkers in production. But with
sufficiently large variation in the distribution of skillefficiency requires that low-skill workers
match with low-skill workers, and high-skill workers matalith high-skill workers, causing a
segregation of firms with respect to skill. With segregabgrskill, the skill premium increases
since the two production tasks are complementary.

Mitchell (2005) proposes that high-skill workers are sugeto low-skill workers in being
able to perform a wider variety of tasks. In the first part a@ #0th century, mass production
led to larger plants and a higher degree of specializatidre demand for high-skill workers
diminished as every worker was required to perform a smalkenber of tasks. As a result,
the skill premium decreased during the first half of the cantDuring the last part of the
20th century new production technology decreased theeafistent plant size and increased
the demand for workers who are able to perform a wider vagetsisks, thereby increasing the
demand for high-skill workers. The increased demand foin{sikjll workers during the second
half of the century increased the skill premium.

Caroli and Van Reenen (2001) use British and French micra wainvestigate the impact
of organizational change on the demand for high-skill and $kill-labor. Their definition
of organizational change states not only that employees parform more tasks but also in-
cludes flatter organizational hierarchies, implying thapéyees face more responsibility and
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have to work more independently. This supposedly benefik-skill workers. Caroli and
Van Reenen’s analysis indicates that there is a complemigritatween organizational change
and skill.

Acemoglu et al. (2001) focus on the distribution of rentsheeytbuild a model where high-
skill and low-skill workers bargain over rents. Howevegytdo not model vertical disintegra-
tion as a choice of firm owners but instead focus on skill lWasehnological change, increasing
high-skill workers’ gains from switching to specializednis, thereby undermining the possi-
bility for low-skill workers to specify redistributive wagcontracts.

Harrison and Bluestone (1988) connect U.S. firms’ increassdof contingent workers,
i.e. temporary employed and third party workers, to the ri@tation of low-skill workers’
wages. Contingent workers are in general paid lower wagésexeive less insurance benefits
(Kalleberg et al. 1984).

The analysis in this paper can be seen as extending the mnafySap (1993), who inte-
grates unionized workers into two groups — men and womennd&td bargaining theory is
applied, highlighting that bargaining strength and owgsations determine the wage differ-
entials between men and women. This analysis puts Sap’'gsiaito a broader context and
replaces the gender distinction with a skill distinction.

Thesmar and Thoenig (2004) hypothesize that increasedhé&atation can be linked to
financial liberalization. Financial liberalization diwgiies shareholder portfolios, thereby re-
ducing the cost of risk, ceteris paribus. Shareholders ddmeore risky assets, relative to the
expected returns, and firms respond by relying more heanilgxdernal provision of interme-
diate goods.

In Burda and Dluhosch (2002) firm’s choice of fragmentati®®mndogenous. By disinte-
grating the production chain, demand for communication@uatdination services, produced
solely by high-skill workers, increases but the variablergiveal production cost decreases.
Burda and Dluhosch show that in the long run, if the growtk cdthigh-skill workers exceeds
the growth rate of low skill workers, fragmentation incressand the skill premium increases.

1.4 Outline

In Section 2 the basic properties of the model are preseiiteel section describes the endow-
ments, and parts of the institutional setting. Section 3gmés the fundamental setup and some
general results. Section 4 analyzes firms in more detail angas the necessary expressions
to analyze the impact of fragmentation on the skill premiugection 5 discusses the possi-
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Table I11.1: Subscripts

Subscript Indicates

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

— o wnw —

ble steady state equilibria and verifies the hypotheseseopéiper. Section 6 summarizes the
findings. Appendix Ill.A contains a list of symbols used, Aplix 111.B and Appendix I11.C
complement Section 4 and Section 5 with some mathematicabtiens.

2 Model

This section describes the fundamental parts of the modéleTIl.1 depicts the general logic
for subscripts used to categorize different variables.iceglover a continuum are written in
parentheses. All symbols are listed in Table 1I1.3 in Appgrd.A. Random variables are
marked by-; 7, or -, depending on the information available. An upper case syishused for
stochastic variables while lower case symbols are usedrotdea particular realization of the
corresponding random variables. Upper case letters aveisésd to denote aggregate quantities
while lower case letters are also used to denote micro diemtiSymbols marked by are
derived from an optimization problem.

2.1 General Setting

Consider an economy with a single consumption good,Ytlgwod. There is a continuum of
firms selling a distinct variation of thé good. TheY good is assembled using two other goods:
the X good and th& good. TheX good is produced using high-skill labor, and thgood is
produced using low-skill labor. Firms that employ workensl @roduce both th¥ andZ goods
(which are necessary to assembleYhgood) are labeleth-housefirms. Firms that do not hire
any labor but purchase th€ andZ goods, which are necessary to assembléertigeod, from
specializedirms, are calledragmentedirms. Naturally, asserting that fragmented firms hire
no labor, is a crude characterization of firms relying moravilg on outside contractors.
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In-house Firms

There is a continuum ah-housefirms with rangeK;. Every in-house firnproducesand sells

a distinct variation of the consumption good. In-house fipraduce both intermediate goods,
I.e. both theX good and th& good, necessary to assemble Yhgood. To denote the quantity
of theY good sold by théth in-house firm, the notatiop (k) is used. The corresponding price
is denoted (k).

Fragmented and Specialized Firms

There is a continuum of firms with randg& that onlyassemblend sell theY good. Those
firms are labeledragmentedirms. Fragmented firms purchase intermediate goodsx thed

Z goods, necessary to assembleYhgood. Firms producing either a0 or aZ good, but not
both, are calledpecializedirms. To denote th&th fragmented firm’s output of thé good,

ys (K) is used, and its price is denotBg(k).

2.2 Consumers’ Preferences

The representative consumer does not care whether or nobttseimption good is sold by an
in-house or a fragmented firm, hence from the consumer pbwiew there is a continuum of
variations of theY good with rangeK; + K. Due to a preference for variety, consumers are
biased towards spreading their consumption across alliffexesht variations of the’ good,
thereby providing producers with some market power.@d.denote the amount the representa-
tive consumer spends on tiiegood. The representative consumer behaves as if maximizing

1
1-B

{ “ Gy Pkt [ di (ks (K)EBdk
" domtor Faicr [ ditoyi (o’ Fai

subject to the budget constraint

Ki K
c = [ Blow(odk+ /0 B (K (K)dk

The first integral in the objective function sums the utilifigrived by consuming different vari-
ations of theY good, sold byin-housefirms. The second integral sums the utility derived by
consuming different variations of thé good, sold byfragmentedirms. Demand uncertainty
is modeled using the stochastic demand variablesnd D¢, and the consumer preference for
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a variation of the good depends on the realizations of thesgadd variables]; (k) andd (k).
Consumer preference for variety is parameterize@lay[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 reptasiea consumer’s expenditures
on all theK; different variations of th& good sold byin-housefirms. The second integral sums
the representative consumer’s expenditure orkthdifferent variations of th& good sold by
fragmentedirms.

Demand uncertainty is modeled using the stochastic vasdhland D+, with appropriate
indices. That is, the demand for every variation of Yhgood is stochastic. Demand shocks are
deviations from expected demand. The stochastic demamables are uniformly distributed
with an expected value of 1 and rang® X he cumulative density function is therefore:

F.(d):Ff(d):LZA_A) 0<A<1. (11.1)
Solving for the inverse demand functions yields:
3 B ”.( k)
vke [0,K] : pi(k)= {—} WL (I.2a)
vke [0,Ks] 1 Pr(k) = L_J ;((k))ﬁ (111.2b)
B
[9] = — ¢ — (11.2¢)
p K x diyiliB—F K x dfy%*B

Relations (l11.2a) and (I11.2b) together with (111.2c) prinle the inverse demand function for
every firm in the model. Thp variable is a price index. Since there is a continuum of firtimes,
price index is unaffected by each firm’s price and quantityichand is therefore taken as given
by each firm. The averages in the expressiong@re taken over the continuum of in-house
firms and the continuum of fragmented firms.

Notice that a demand shock by some percentage increasesiesypy; or psys, by the
same percentage, independent of the production legeads,y:. This in turn implies that even
though the revenue function is concave with respect to théymtion level, the revenue function
is linear with respect to the demand shock. Hence a meanrpimegspread in demand changes
neither the expected profit rate nor the size of the firm, ifittme owner is risk neutral and must
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commit to an employment choice prior to the realization ef demand shock.

2.3 Firms’ Technology

The production of th& good requires two intermediate goods: ¥rgood and th& good. The
production of theX (Z) good requires high-skill (low-skill) labor. The produmti functions for
theX andZ goods are:

x=h z=I. (1n.3a)

That is, one unit of high-skill laboh, produces one unit of the good and one unit of low-skill
labor produces one unit of thegood.

The production of th& good is described by the Cobb-Douglas production functicine
X andZ goods as:

y = X074 ° (111.3b)

2.4 Institutional Setting

The following paragraphs define the different institutiosettings for in-house and fragmented
firms. Both firms are of course subject to the same institaticonstraints, but the different
ways of organizing production implies some differences.

In-house Firms In-house firms and their employees are limited by instinalaconstraints.
In-house firms post skill specific job vacancies, either ksl or low-skill. It is assumed
that firms find it easy to fill vacancies with workers with apmrate skills, while workers find
it costly or time consuming to find employment. However, ogoatracted, in-house firms
cannot, for whatever reason, replace or dismiss workemnglthe contract period, unless
workers threaten to strike in order to increase their wagesployers and employees 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 demandkstamm owners cannot change
employment or lower wages during the contract period withaeurring a prohibitive cost, but
firm owners always have the option to shut down the firm ingtartd thereby avoid paying
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wages for the remainder of the contract period. Naturallyrkers suffer if the firm is shut
down, since unemployed workers cannot find work instantly.

To simplify the analysis, the following assumptions are mdgirst, since it is easy for firms
to recruit employees, workers and firm owners agree on cativeetvage rates, i.e. standard
wage rates determined by marginal productivity.

Second, a demand shock is not realized at any arbitrary potime during the contract
period, but immediately after signing wage contracts. T$sumption magnifies the effect of
demand uncertainty, but does not alter qualitative results

Third, firm owners are not allowed to increase production thiedeby employment during
the period, even if the realization of the demand shock isrfe. This assumption is made
only to simplify the analysis but can be rationalized by asisig that new workers need some
training before becoming productive. Note that firm ownditslenefit from favorable demand
shocks as the price 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 since workers fi@inployment costly.

Figure 111.2 illustrates the sequence of events for an indsofirm during a single period.
First, firms employ workers and agree on the competitive watgs. Second, the demand shock
is realized. If the demand shock is favorable, the firm pregues planned but if the demand
shock is unfavorable, high-skill and low-skill workers egjotiate wages, and the firm again
produces as planned. This sequence of events is repeatgcgevied.

Notice that a demand shock is considered to be favorable fiim owner does not threaten
to shut down the firm. The probability that a firm owner doestho¢aten to shut down the
firm is denotedQ;. Q; is endogenous and derived from the behavior of rational fiwneos,
maximizing the discounted profit stream.

Fragmented and Specialized Firms Each specialized firm sells its good, either ¥good
or theZ good, to a continuum of fragmented firms. To make the anags@mple as possible,
it is assumed that fragmented firms can purchas&thadZ goodafter the realization of the
demand variable. This is reasonable only if ¥randZ goods are homogeneous, i.e. identical
across fragmented firms, and transport costs are negligible

While this assumption is questionable it simplifies the gsial because it is possible to
apply the mean value theorem for the demand shocks facedggnénted firms. That is, the
demand shocks of the different fragmented firms even out aoHd specialized firm faces a
certain demand. Since the demands forXhendZ goods are certain, employees of specialized
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Figure 111.2: Sequence of Events for In-house Firms
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If the demand shock is favorable, the firm produces as plarih#fte realization of the demand variable
is unfavorable, the in-house firm’s employees re-negoliater wages and the firm produces as
planned. The sequence of events is repeated in the nextdperio

firms never face shutdown threats and never renegotiate rasege

It is however worth pointing out that it is not the lack of sthoivn threats for specialized
firms that drives the results derived ahead. Because specidirms employ either high-skill
or low-skill workers but not both, renegotiating wages ie&plized firms would not have any
redistributive effect.

3 Intermediate Results

The following sections present some general results gowgthe decisions of firm owners and
workers. Due to the generality of the discussion some teso) as profit rates or investment
costs, are not formally defined or properly subscriptednfaddefinitions and proper subscripts
follow in later sections where the results, derived in tleist®n, are applied.

3.1 In-house Firms

Starting a firm requires a capital investment;ofT he depreciation rate of capital, whether used
or not, isd. The demand for the firm’s product is uncertain, due to theketatemand shock. It
is assumed that firm owners observe the realization of derslaocks after hiring employees.
The owner of a firm can shut down the firm in order to avoid paywages, knowing that
variable costs will exceed revenues. The possibility fanfowners to terminate operations
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gives the model a foundation for wage bargains which is arakfgature of the setup and
necessary to derive the results.

Owners of in-house firms and workers employed by in-housesffane two possible sce-
narios in every period. Either the firm owner threatens ta stown the firm and workers
renegotiate new wages, or the firm owner does not threatamitadswn the firm and workers
are paid the wage agreed upon at the beginning of the periadertainty arises because the
demand for the in-house firm’s good is uncertain. This ulagay carries over to profit and
wage rates, to price, as well as to revenues.

There exists an endogenous firm-specific threshaldsuch that if the realization of the
stochastic demand variabl;, is greater than or equal to this threshcﬁplz d;, then the firm
does notthreaten to shut down the firm. Note that thecdtation is used fooTi since it is a
realization of a stochastic variable. The threshdhidbn the other hand is non-stochastic and
therefore not marked by ".

If the realization of the demand variable is less than thieshold,d; < d;, then the firm
ownerdoesthreaten to shut down the firm. In the latter case, workersgetiate wages to
motivate the firm owner to continue operations and not shwindbe firm.

Demand uncertainty is described by the firm-specific sta@ghaariableD;, which is uni-
formly distributed with mean 1 and rangA.2The cumulative density function f@J; is denoted
by F(-) and is given by (l11.1). Given the threshatli, the probability that the firm owner does
not threaten to shut down is-1F (d;). From here on this probability is denoted by:

Q =Prob(d >di) =1-F (dj). (I11.4)

It follows immediately that the probability that the firm oamdoes threaten to shut down the
firmis 1-Q; = F (d).

Due to the stochastic demand, the profit rate,the wage rated)f, the price of the good,
B, and firm revenueR;, are also stochastic. In the derivation that follows it ienfconvenient
to rewrite expectations conditionally. For example coasttie expected value of the wage rate,
E{W}

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

Here,E {W{ ]d~. > di } is the expected wage rate given that the firm owner does neditim to
shut down (that is, it is known that the realization of the deih variabled;, is greater than
d;) andQ; is the probability that the firm owner does not threaten ta slown the firm; see
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(.4). E{W ]d~. < dj} is the expected wage rate given that the firm owner threateshuit
down the firm and workers renegotiate wages. This happegsfoth < d;, which occurs with
probability 1— Qj; again see (lIl.4).

Because it becomes cumbersome to write the conditionakeéxioen operator everywhere,
the following notations are usetlt denotes the wage rate, which is stochasticdenotes the
wage rate given that the firm owner does not threaten to st tite firm, andM denotes the
wage rate given that the firm owner does threaten to shut dosvirtn. Given these definitions,
the expected wage rate can be written as:

E{W} =QE {W} +(1-Q)E {W}. (111.5)

The wage rate was used as an example above, but the samemaltatnvention is used for
the profit ratefli, firm revenueR;, the price of the good??., and the demand variablB;. To
summarize; and-"are used to distinguish the scenarios where the firm owner mioteand does
threaten to shut down the firm, respectively. In terms ofrimi@tion sets; is used if the only
information given is that the firm owner does not threatenhiat slown the firm and is used

if the only information given is that the firm owner does thesato shut down the firm. Of
course this notation is only meaningful before the realradf the stochastic demand variable
is known. Once it is known, there is no uncertainty about prefies, wage rates, or firm
revenues and given the notation convention stated eddveer case letters are used.

It is possible to simplify the analysis further by noting th#owing. First, if the firm owner
shuts down the firm, the profit rate is simply the replacemest of capital. If the firm owner
threatens to shut down the firm, workers will renegotiate egaguch that the firm owner is
indifferent about shutting down the firm and keeping it alivéherefore, the profit rate given
that the firm owner threatens to shut down the firm is simpdy;, i.e. the replacement cost for
capital.

Second, given that the firm owner does not threaten to shub diog/firm, wage rates are
not renegotiated and thereby not affected by the realzatiohe demand shock. Therefore the
wage rate given that the firm owner does not threaten to shvat doe firm is simplyw. Note
thatw is determined at the start of the period and hence it is nohsstic.

The profit rate with respect to time is a stochastic variatiémoted by1;. Given the real-
ization of the the demand shoak, the owner of the firm can either shut down the firm, with a
non-stochastiprofit rate—dl;, or keep the firm alive, with the given profit rafe

Let Vi denote the value of a firnafter the outcome of the demand shock is realizedplet
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denote the discount rate, and\IBt denote the value of the firm in the next periefsatisfies:

- . E{Vi|d>di} I
= ' —Olj+——>. 1.6

The first member of the set is the value of the firm given thabthieer, knowing the real-
ization of the demand shock, decides to keep the firm alivee SEtond member of the set is
the value of shutting down the firm.

If the owner decides to keep the firm alive, the instantangoofit received i, plus the
discounted continuation value. The continuation valueé {37,’ \dN. > dj } which is the expec-
tation operator, conditioned on the information that thenfiwas not shut down. However, it
is assumed that demand shocks are serially uncorrelateerefbine, it is possible to replace
E {\7,’ \d~. > di } by E{V;}, i.e. the unconditional expectation operator.

If the owner decides to shut down the firm, he or she earns proedil; before selling the
capital, worthl;, 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 demahe imet period is unknown in
the current period. However, in equilibrium, the expectaldig of owning a firm must equal its
investment costs. Therefore:

E{Vi} =1 (I11.7)

Hence, in the steady state equilibriu&{\?i} =E{Vi} in (111.6) can be replaced bl. Simpli-
fying this implies:

- . li
= i, —Ol; —_— 1.8
¥ = max{fg, '}+1+p (111.8)

Naturally, the owner threatens to shut down the firm only if:
G < —0l;. (111.9)

The profit rate if the firm owner does not threaten to shut ddﬁm,is written in lower case
letters since the firm owner makes the decision of whetheobtmthreaten to shut down the
firm when the realization of the random variable is known hed the profit rate iss.

Qi denotes the probability that the firm owrderes nothreaten to shut down the firm. The
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expectedsalue of owning a firm in terms of conditional expectations ba found by rewriting
(111.6):

7' A .
E{Vi} =Q E{ﬁi} + E{Vil‘i';g' }] +(1-Q) [ ol + ﬁlp] (11.10)

That is,Q; is the probability that the firm owner does not threaten td glown and is defined
endogenously from the condition in (IlIl.9 {1} is the expectation given that it is known that
the firm owner did not threaten to shut down the firm. That is,réralized profit rate is greater
than the profit rate if the firm owner threatens to shut dovenji.> —dl;.

Simplifying E {Vi} using the steady state equilibrium conditi&V; ]d~. >di} =E{Vi} =
li implies:

1+
E{\/i}:Tp[Q.E{I'I = (1-Qdli] =1i. (1.112)
Notice that in a world without uncertainty and continuousdj this condition reduces to
1/p = l;. Remember that this condition stems from the steady staidi@gqum condition
E{Vi} =i, and holds due to free entry. New firms enter or leave at a vate that the value of

starting a new firm is always zero. Solving K 11;} gives:

+1-Q)(1
E{A)} = 1+Qp))(Q+p) . (111.12)

3.2 Workers

The economy is populated B + Hs high-skill workers and.j + Ls low-skill workers. TheH;
high-skill workers are employed by in-house firms, andHigéigh-skill workers are employed
by firms specialized in producing intermediate goods necgss assemble thé good.L; and
Ls are interpreted analogously.

In-house Workers

While the losses of firm owners are limited by the deprecmtibcapital and foregone interest
payments, workers are left without any wage payments if tine i§ shut down. By assuming
that unemployment benefits are paid only if workers are uneyeg at the beginning of the
period, workers and firm owners always reach an agreemendér to save the firm. Therefore
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workers always accept lower wage rates in order to assutehtdawner does not shut down
the firm.

The firm owner accept®ssedess than the capital replacement caigt see (111.9). Profits
are defined including capital replacement costs; that ismges minus the wage bill minus
capital replacement cost$l; = R —wh — 8l;. The owner therefore shuts down the firm if
I < whb, i.e. if the revenue realization is insufficient to coverighte costs. Again, lower case
letters are used in the condition, since firm owners base tiegiision on the realization of
revenues and the non-stochastic wage bill.

To save the firm, workers must agree on wage rates such tha&t ecsgs are covered by
revenues. Utility maximizing employees naturally agreen@ge rates such that the owner is
indifferent about shutting down the firm and keeping it aliVBat is, workers renegotiate wages
such that wage costs equal revenwds= . Therefore, the firm is never shut down.

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

E{W} = Qw+(1-Q)E{W}. (I11.13)

The expected wage rate for workers is simply the sum of theaep value if the firm owner
does not threaten to shut down and the expected value if the@imer threatens to shut down,
weighted by the appropriate probabilities. From (l11.9)sitlear that the firm owner threatens
to shut down if and only ifg < —dl;, which occurs with probability + Q;.

The wage rate paid if the firm owner does not threaten to shuhde non-stochastic and
the expected value, conditioned on the information thafitheowner does not threaten to shut
down is simplyw.

Given only the information that the firm owner threatens tatstown the firm, i.e. thaf <
—0l;, there is a range of possible realizations for the demandblarsatisfying this condition.
Each such realization implies a different wage rate if thekers of the firm agree on lowering
their wage rates. Therefore the wage rate, if the firm ownesatiens to shut down, is stochastic
and the expectation must be conditioned on the informatianf; < —dl;, hence the use of
E{W}.

Bargaining Positions

In the Nash solution to the bargaining problem, the diffeesbetween the parties’ outside op-
tions is the major determinant of the outcome. In order temheine the outside option of high-
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skill workers and low-skill workers, every worker’s lifetie utility, employed and unemployed,
must be derived.

There is frictional unemployment, implying that unempldyeorkers cannot find employ-
ment instantaneously. An unemployed worker receives ut@ment benefits. The unem-
ployment benefit is a fractiony,, of the worker’s average, i.e. expected, wage. Therefae th
unemployment benefit ig,E {W }. Note that an unemployed low-skill worker receives a frac-
tion of the average wage of low-skill workers, while a hidtilsvorker receives a fraction of
the average wage of high-skill workers. In both cases thistiion isup. Let E{J;} denote the
expected discounted lifetime utility of a currently empoyworker , and leE {U;} denote the
expected discounted lifetime utility of a currently uneoy#d worker. In steady state,{J; }
andE {U;} satisfy:

E{J} = E{V\/.}+%Jip} (Ill.14a)

E{U} = UbE{VVI}—i—eE{Ji}+]_(i;e)E{Ui}.

(I1.14b)

Employed workers are paid the stochastic wage\M@nd the expected continuation value
is E{J;}. Note that firms are never shut down due to adverse demanéisstsicce high-skill
and low-skill workers always reach an agreement on loweresagrhe unemployed worker
receives unemployment benefits equalij& {\WM}, becomes employed in the next period with
probability8, and stays unemployed with probability-B. The0 coefficient parameterizes the
matching quality in the labor market. Solving l8{ J;} andE {U; } implies:

E{}} = ippE{vw} (Ill.15a)
4 _ 1+ppup+8
EU) = = PERTTEw). (1I1.15b)

This specification implies a logic inconsistency. If workep not face any risk of becoming
unemployed, in the long run the economy must converge toefuibloyment. The common
solution to this problem is to add an exogenous shock sudhthieafirm is shut down with
some exogenous probability. The analysis in this paper aaityebe extended in that direction
without changing any of the results. However, to minimize tiotation this is not done, and
this inconsistency is overlooked.
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In-house Bargaining

If an in-house firm is about to be shut down, high-skill and 4skill workers negotiate new
wage rates via union representatives in order to motivaditin owner not to shut down. Let

fi denote the revenues to be distributed among high-skill enweskill workers. The lower case
notation is used since negotiations are done ex post theatah of the demand variable and
the revenue of the firm is known to all parties. The outcomeescdbed by the Nash solution
for the bargaining problem wheredenotes the bargaining power of high-skill workers, and
1 -y the bargaining power of low-skill workers. The share of rewes captured by high-skill
workers,p*, is the share of revenues which maximizes the Nash product:

E{J{h}—E{uxh}] .

U= argmax ylog LLJI‘|+
hi 1+p

P

(1-wii E{%}-EiUj)
1-vy)lo : 11.16
(1-y)log [ ! 7o (I1.16)
The expected lifetime utility can be decomposed into aramsineous pay-off and a contin-
uation value. The instantaneous pay-off for high-skill kess, if the parties reach an agreement,
is ) times the revenues of the firm, divided by the number of high-skill time units employed,
hi. The continuation value is the discounted lifetime utibging employed.

If the parties cannot reach an agreement, the firm is shut dowrthe high-skill worker
becomes unemployed. His or her continuation value and éxgeiscounted lifetime utility is
in this caseE {Uijq} /(14 p), which is the threat point of high-skill workers. This sffewition
is a consequence of the assumption that unemployed workerstdeceive any unemployment
benefits the period they become unemployed.

Given that denotes the share of revenues captured by high-skill werkbe share of

revenues captured by low-skill workers is-1p. The interpretation of the second term, i.e. the
bargaining position of low-skill workers, is analogous &g this problem fonp*:

E{%}-E{Ui} E {3 —E{Un}
Ao J_(a—yh Aol h (111.17)

Wt = y+Vi

In steady stateE {J'} = E{J} andE{U/} = E{U;}. ReplacingE {J},} —E{U;,} and
E{J; } —E{Uj } using (I1l.15a) — (I11.15b) simplifies the steady state tzning outcome such
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that:

V= YL Ul g~ (1Y) uh

E {Wh}
(P+6in)fi (1-18)

4 Firms Revisited

The following sections derive the optimal management ofdjror how to maximize the rate
of profit given the firm owners decision of whether or not togurce. Hence, derivations in the
following section pin down the flows generated by firms, suspm@fit, wage, and employment
rates. This is in contrast to the problem of the firm ownergshsas whether or not to keep
the firm alive or when to invest, which was analyzed in presieactions. It is assumed that
there is no conflict in the objectives of owners and manageyshose words can be used
interchangeably.

The first sub-section analyzes in-house firms, while therstsob-section analyzes frag-
mented and specialized firms. In-house firms must commit engriloyment choice ex ante the
realization of the demand shock, while fragmented firms Ipage intermediate goods ex post
the realization of the demand shock.

Quantities referring to in-house firms are subscripted by and quantities referring to
fragmented firms are subscripted by .aQuantities derived from an optimization problem are
superscripted by. As before, -“and -~ are used to distinguish scenarios where firm owners
do not threaten to shut down the firm and where firm owners d@tln to shut down the firm,
respectively.

4.1 In-house Firms

The choices of in-house firm owners involve shutting downfitre or keeping it alive. The
firm owner must commit to an employment choice prior to dexjdivhether or not to threaten
to shut down the firm. This is a reasonable assumption if ddnshanges frequently, relative
to the turnover rate of workers.

Before deriving the optimal choices of firm owners, rememtbeat the profit rate if the
firm owner shuts down the firm is the non-stochastic capifallacement cost, equal tedl;.
Given that the firm owner does not threaten to shut down the thienwage rate for high-skill
workers is non-stochastic and equalg, while the wage rate for low skill workers, which is
also non-stochastic, 1s; .
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In-house firms produce thé andZ goods by hiring high-skill and low-skill workers. Aug-
menting the production functions in (111.3a) by asubscript for in-house firms gives

xi=h z=I y=x'z"° (11.19)

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

E{Mi} = QE{Ni}y—(1-Qdl.

The first term captures the expected profit rate, if the firmewvdoes not threaten to shut down
the firm. The second term captures the non-stochastic patdit if the firm owner threatens to
shut down the firm. The profit rate if the firm owner does notdkea to shut down the firm is

[ = Py —winhi — wj I — 3l;

where the inverse demand function, given by (lll.2a), restthe owners feasible choicesypf
The price of the consumption good is written in upper caseesit via (l1l.2a), is stochastic.
Note thaty; is certain since the firm owner can control the number of warke employ and
thereby the output of the firm, hence algcandl; are non-stochastic. Even though the wage
rates are stochastic, the wage rates conditional on the finneionot threatening to shut down,
are not. Hencev, 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 shut down the fir@, depends on the choice of
employmenth; andl;. That is, a rational firm owner must take into account the ichp his
or her employment choice today, on the probability that heherwill threaten to shut down the
firm during the period.

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

— 3l . (111.20)

=

di =dj

The probability that the firm owner is not inclined to threate shut down the firm, gived;,
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is simplyQ; = 1—F(d;). The cumulative density functiof(-), is in turn given by (111.1).

Employment and Firm Size

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

max [1-F(d)] [E{ﬁ}yi—wihhi—th] — 0l
di, hi,li
st. (lll.2a), (I11.19), (I11.20).

The wage rates for high-skill and low-skill labor, taken ageg by the firm, are denotea
andw;, respectively. These wage rates are called the compettgge rates and are paid to
workers, only if the firm owner decides to keep the firm aliveieRo capital depreciation, the
firm owner must payl; to replace depreciated capital.

The solution to this problem is derived in Appendix I11.B athé unique maximizing choice
of (dj, h;,l;) is:

dr = 1+p (I1.21a)

A8 5 A
{1—A B>A

B 1-(1-a)(1-B) (1-a)(1-B)
B _ Y 9 o 1__0‘]
h; (1 B)E{D, } {T’} [Wih] { " (11.21b)
B a(1-B) 1-a(1-B)
B _ J 9 o 1__0(
P = (1 B)E{D, } {T)} [Wih] [ W } . (11.21c)

As is shown in Appendix Ill.B there are two solutions. If tharsation in demand is small
compared to the degree of market powkk: 3, firm owners never find it optimal to exercise
the option to shut down the firm. In this cagg=1—A, Q' =1 andE {D;'} =E{D;} = 1.

The more interesting case, where firm owners occasionadlscese their right to shut down
the firm, applies in the opposite case, when the variatioremahd is large compared to the
degree of market power, , i.8.< A. In this case the firm owner threatens to shut down the firm
if the realization of; is less thard; = (1—B)(1+4)/(1+B) andE {D;} > E {Di}.

This of course implies that market power in the product miaskelters workers from vari-
ation in wages, i.e. risk, and can be welfare improving iurace markets are absent and
workers are risk averse. Given the shutdown thresiajidit is possible to compute the differ-
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ent conditional expectations of the demand variable:

1+A
E{D/} = E{bi} ={ fﬁ Eii (I11.22a)
di
16
E{Di} = E{Di} ={ ftﬁA Eii. (I11.22b)

A firm owner threatens to shut down the firm with probability ©;, i.e. only if di < d’. The
probability that the firm owner does not threaten to shut dtvenfirm is therefore & F (d;").
From the definition of the cumulative density function in.@), and the solution to the profit
maximization problem in (111.21a), it follows that:

Q= Q :{ B b (11.23)
d: 1 B>A

This implies that as demand uncertainty increagesldser to unity), the probability that firm
owners pay the competitive wage rate decreases. Hencéelgdesmand uncertainty tends to
increase the competitive wage rate but also to decreasedbalplity that the worker receives
the competitive wage rate. The neatest propertQofs that it is independent of endogenous
variables.Q;" only depends on two parameters: the variation in demandnd the preference
for variety, 3.

It is difficult to predict the effect of greater market powiex, more preference for variety, on
the size of the firm sincp is present in the exponents in the expressiongifandl;. However,
an interesting result concerning the effect of shutdowedts and firm size is easily obtained:

Proposition I11.1 (Firm Size and Demand Uncertainty) If firm owners have the option to shut
down the firm in order to avoid variable costs, i.e. payingwage bill, greater demand uncer-
tainty (A greater) implies larger firms.

Proof The result that firm size increases with demand uncertasm@asily verified by noting
that the derivative ofij andl; with respect ta\ is greater than zero. |}

It might appear surprising that firm size increases with tagay. However, as noted in
Section 2.2, the revenue function is linear with respedtéatemand shock. This in turnimplies
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that the risk neutral firm owner, without the option to shuivddhe firm, is not affected by a
mean preserving spread in demand. Hence, if the variatidanmand increases, this firm owner
does not change the employment level, and the expected m@tefistays unchanged.

However, given the option to shut down the firm, the expectetitpate must increase, or at
least not decrease. This follows because the firm owner cawsetto ignore the option to shut
down the firm. However, as is shown above, the firm owner dadeseith occasionally utilize the
option to shut down the firm, i < A. By hiring more workers and threatening to shut down
the firm in case of sufficiently low demand, the firm owner casr@ase the expected profit rate.
If B > A the firm owner never threatens to shut down the firm.

H; andL; denote aggregate employment of high-skill and low-skillrkess by in-house
firms. Becausd andl are identical across in-house firms, no variable on the hght side
is firm specific. The competitive wage rates are easily obthiny integrating labor demand
over the range of in-house firms and solving ¥gf andw; :

o, K [C]P[HoLra] P
wh = a(l-PB)E{D] #{6} = ] (Ill-242)
. B aj1-a 1P
wi = (1-a)(1-B)E{D; ?[% Al :2 ] . (111.24b)

These wage rates are called competitive since they areedeiom the demand of profit max-

imizing firms, taking the wage rate as given. However, theyraot identical to wage rates on
perfectly competitive markets since firms do not take theegodf their output as given. The
relative competitive wage rates reduce to the standard -QCalglas case where the relative
wage is determined by relative employment and the elagt€isubstitution between high-skill

and low-skill labor.

The wage rates are easily interpreted. Given the Dixit argli@tpreferences, workers are
paid a share of revenues equal te §, while firm owners receive the remaining shdéeDue to
the Cobb-Douglas production function, high skill workexs a group, receive a fraction equal to
a while low-skill workers, as a group, receive the remainiagtpas will be clear below. Hence,
competitive wage rates increase one-to-one with expeateduptivity. This in turn implies
that the competitive wage rates increase with greater démacertainty, i.eA closer to unity.
The interpretation is straightforward with greater vaaatin demand, the threshold for not
threatening to shut down the firm is higher; see (lll.21a)er€fore the expected competitive
wage rate is higher. It is of course important to remembedrdhanging demand uncertainty,
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A, also changes the probability that the firm owner does netten to shut down the firm and
pays the workers the competitive wage rates.

Entry and Exit

The expected profit raté {ﬁi} can be reduced using the competitive wage rate expressions,
(11.24a) and (l111.24b), together with the symmetric emyreent conditionsh; = H;/K; and
li = Li/Ki:

=(f) = pe(s) [S]

p

New firms enter or existing firms leave the market unless thewvaf owning an in-house firm
equals the initial investment cost. This occurs unlessi@)) is satisfied. The steady state
equilibrium number of in-house firms is be:

1 B
ki = |BQE{D}; 1+p )]Ii}l‘B {9]1_BHP|_}“. (111.26)

p+o(1+p p

This relation provides a necessary condition for detemgntihe number, i.e. range, of in-house
firms in the steady state equilibrium. Because capital caesad if the firm is shut down, the
only real cost of starting a firm is the capital depreciatidr, 0, and the inter-temporal cost of
giving upl; while the firm is operating. The latter cost hingesmn 0. Without depreciation
and without impatiencep = & = 0, the cost of starting a firm is zero, and the steady state
equilibrium number of firms must equal infinity, i.K — co.

The following results are easily verified and most of themiataitive:

e 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.

e More demand uncertainty decreases the number of firms.

The first three results are intuitive while. The last resufim equilibrium result. There is a fixed
number of workers and more demand uncertainty increasdsmsize, hence in equilibrium
the number of firms must decrease. The effect of greater madkeer, 3 greater, is again
ambiguous sinc appears in the exponents in (111.26).
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Wages

If the firm owner does not threaten to shut down the firm, thepetitive wage rates, denoted
win andw;, are paid to high-skill and low-skill workers. These waggesaare non-stochastic
but depend on the variation in demadd and the preference for variety, i.e. the degree of mar-
ket powerf. If the firm owner credibly threatens to shut down the firm hagkill and low-skill
workers negotiate new wage rates. The negotiated wagearalegh-skill workers is stochas-
tic and denoted by, and the negotiated wage rate for low-skill workers, als@lststic, is
denoted byl .

The expected wage rate of high-skill workeEsp\Wi, }, is the probability that the firm owner
does not threaten to shut down the fii@j, times the non-stochastic competitive wage vaie
plus the probability that the firm owner threatens to shutmidkae firm, 1— Q:, times the
conditional expectation of the stochastic negotiated wadge, E {Wh}. The expected wage
rate for low-skill workersE {VN\/” }, is analogous. Therefore:

E{Wh} = Qwin+(1-Q)E{W} (11.27a)
E(W} = Qwi+(1-Q)E{W}. (11.27b)

The firm’s revenue is stochastic and dend®dBecause all in-house firms are ex-ante identical,
they employ the same amount of high-skill and low-skill labaits, namelyH; /K; andL; /K;
respectively, implying that revenues for an in-house firduiee to:

c1P
5]
The negotiated wage rates for high-skill and low-skill wenkequai\i, = P*R K; /H; andW =
(1- U)RK; /Li, respectively. The share of revenues captured by highskilkers, y*, is
given by the Nash solution to the bargaining problem in18). By comparing firm revenue,

see (111.28), and the competitive wage rates, see (l1l.24a) (111.24b), the competitive wage
rates can be rewritten in terms of firm revenue. Hence:

O

R = (11.28)

1—
HoLi-a] "
Ki '

Vi =R wn—a(l-p E{R} (I1.29)
VV\"||=(1—L|J*)|ii£i Wi = (1-a)(1-p) E{R} (111.29b)
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The expected wage rates for in-house high-skill and low-skirkers can in turn be written:

E(Wn} = [a(1-B)QE{R}+(1-Q)E{y" R}}q'

EW) = [(L-a)1-BQE{R} +(1-QIE{L-W)R)]

It is now possible to solve fdE { YR} andE {(1— y*)R} by using the Nash solution for the
bargaining problem; see (111.18). To do so, repl&&M,} andE {W, } in (111.18) using the
expected wage expressions above. After some cumbersoetgalg

Yo [Py + (1- Q) (1—w)]E{R}
PinPi + (1 =Q)(1—up) [Yoin + (1 V)P ]
Q(1—up)(1-B) [a(1—-y)py —v(1—a)pp] E{R}
PinPi + (1= Q) (1 —up) [yoin + (1 —Y)Py]

E{U'R} =

(11.31a)
(1-v)py [Pin+(1—-Q)(1-up)|E{R}
PinPil + (1= Q) (1~ Up) [YPin + (1 - V)Py ]
Q' (1-up)(1—P) [a(1-y)py —Y(1—a)pp] E{R}
PinPil + (1= Q) (1= Up) [YPin + (1= Y)Py |

E{1-y )R} =

(111.31b)

where
Pih=P+6ih Py =p+6.

The expressions above are quite messy. Most interestieglial bargaining power=1/2,
similar discount rates and labor market conditions for Fsgll and low-skill workers, i.e.
Pin = Py anda > 1/2, imply thatwi, > wy, andE {(1—-¢*)R} > E{y*R }.

With probability 1— QF, high- and low-skill workers are paid the negotiated wagess\,
andW. These are easily rewritten in terms of the competitive wages wi, andw; , by use
of (111.29a) and (111.29b). The expected negotiated hidditsvage rates are:

. 1 E{U'R
E {Wh} 1-p) a{E{R.}}
£} — 1 E{@-yr R.}

1B A-wE{R}
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Given the expected wage rates in both scenarios, the expeetge rates satisfy:

E{Wn} = @+1_@Eﬁwaﬁm (I1.32a)

(1-B) aE{R}
1—Q?EH1—¢ﬂ§}]NL

P 1 wE(R) (I11.32b)

EMW} = |Q+

The relative competitive wage rate reduces to the standabt-©ouglas relative wage. That
is, from (lll.24a) and (l11.24Db) it follows that:

W __a L
Wy 1l—aH
Using (111.32a) and (111.32b) it is straightforward to shdhat:

E(Wn) _wn _ E{W'R} _ a

E{Wi} ~— w E{1-y)HR} ~1-o (11.33)

If this condition is fulfilled, then the possibility for owne to shut down the firm increases
the relative wage of low-skill workers compared to highHskorkers. By imposing symmetry
conditions, i.epy, = p; andy=1/2, in (11l.31a) and (111.31b) this is clearly true far > 1/2,
while not true fora < 1/2. This implies that shutdown threats moderate wage diffe¥e across
skills since relative wages are determined by bargainifitin owner threatens to shut down
the firm.

In the simplest case with a 100 percent replacement ratesa chunemployment, i.e.
up=1,P"/(1—y*) reducesty/(1—y). Alower replacement ratiai closer to zero) decreases
the outside option of high-skill and low-skill workers. Bhbenefits low-skill workers relative
to high-skill workers, because the surplus to bargain ovbrch is divided equally ify equals
1/2, increases. While it is difficult to verify this claim algelically, numerical examples (see
below) support this intuitive conjecture.

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

4.2 Fragmented and Specialized Firms

The following section analyzes fragmented and speciafized. Fragmented firms subcontract
production of intermediate goods to specialized firms. &lage two types of specialized firms:
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producers of th& good, i.e. the high-skill intermediate good, and produoéthe Z good, i.e.
the low-skill intermediate good.

The markets for intermediate goods are not analyzed inlddbaie to either transaction
costs or non-competitive markets, the markup over margiost ismy for the X good andm,
for theZ good. Since th& good is produced by a constant returns to scale technoldggim
skill labor only, the price of th&X good is simply the markup times the wage rate for high-skill
labor, i.e.mywsn. Analogously, the price of th2 good ism,wg, wherewg, is the wage rate for
low-skill workers andm is the markup factor over marginal cost.

Specialized firms, i.e producers of tixeor Z good, supply the intermediate good to a
continuum of fragmented firms. Therefore, by the mean vdieerem, the aggregate demand
faced by a producer of thé or Z good is certain. It is assumed that axyr anyZ good can
be sold to any fragmented firm which implies that fragmenteddican choose the quantity of
intermediate goods to use ex post the realization of the ddrshock. This assumption can
be rationalized if transport time and transport costs aghigible, so that specialized firms are
indifferent about which fragmented firm purchases theidpuass.

Fragmented Firms

The owner of a fragmented firm maximizes profit by solving:

Tt = Prys — MWsphs — MWgyls — 8l .

The first term is total revenue, given that the realizatiothef stochastic demand variable is
d¢. The next two terms are the costs of purchasing the highistermediate goodX) and the
low-skill intermediate good4). The last term is the cost of replacing depreciated capitiad
quantity purchased of th¢ good is denotetls. Since the production technology for tkegood
maps one unit of high-skill labor into one unit of tikegood, hs also denotes high-skill labor
requirements. Thi symbol is interpreted analogously.

This specification implies that specialized firms supplgintediate goods on demand, that
isale ex post the realization of the demand variables. Bhigsasonable since every specialized
firm supplies intermediate goods to a large number, i.e. &ramm, of fragmented firms.
Since there is no aggregate demand uncertainty, the idtostyoo demand shocks observed by
fragmented firms sum to zero and specialized firms face aiceltaand.
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To solve the problem of the owner of a fragmented firm, replaog using the inverse
demand function in (111.2b), then replage using the production function in (111.3b), and finally
replacex; andz; using the production functions in (Il1.3a). The problem floe firm owner is
to maximize:

N - [CTP a1 p) (1)1

fir = di H hg PP mywgphs — mawgls — 3l .

Be careful to notice thdis andls do not denote employment of high-skill and low-skill worker
instead they denote the quantity purchased of the inteateedoods (th& andZ goods) neces-

sary to assemble thégood. Solving this problem is straightforward. The firsteardonditions
are:

TSl
a(1l—B)d; {% 2R 0B — g, (I11.34a)
: [C1° a-p) t-a)1-p-1

Solving this system fohg andls, or the demand for th¥ andZ good, is straightforward:

B 1-(1-a)(1-B) [ 4 _ 7 (L-c)(1-B)) /R
T {(1_B>df ﬁ { v ] {1 G} } (111.35)

p MyWsh MW
~TCc1Pr o 19@Brq_qg1la-p 1/
ls = {(1—B)df {6} {msth} {szsJ : (111.36)

The total supply of high-skill labor employed by firms protwrtheX (Z) good isHs (Ls),
and since theX (2) technology maps one unit of high-skill (low-skill) labartdo one unit of
the X (Z) good,Hs (L) is also the aggregate supply of tkgZ) good. The reduced first order
conditions above give the demand for tkh@andZ goods by a single fragmented firm. Aggregate
demand is easily obtained by integrating over the continatifregmented firms. Clearing the
market for high-skill and low-skill labor implies that the@librium wage rates must satisfy:

Wen — % {%} g [E{ﬁi/BHBE‘_fS {%%a} P (111.37)

wy = AoD) (O g P KL E g
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Entry and Exit

To find the expected profit rate it is necessary to find eachrfeaged firm’s relative use of the
X andZ good, meaning it is necessary to fihg/Hs andls/Ls. The hs andls differ among
fragmented firms since different firms experience diffeggrhand shocks. Aggregating using
(111.35) and (111.36), it is easy to see that:
[ S N (111.39)
T (1B K: L. e [&BYK: '
First inserting the first order conditions in (Ill.34a) arltl.B4b) into the objective function,
(111.34), then replacindns andls using the relative use of th€ andZ good above, the profit rate
of a fragmented firm becomes:
di/B Briygay 1—a11-B
fr = B f/B 5 {%} {HSES } —3ls. (111.40)
~1 - f
E{61"}]

The initial cost for starting a fragmented firmlis Unless the value of owning a fragmented
firm equals the initial investment cost, new firms are staoteeiisting firms are shut down. In
the steady state equilibrium, (111.12) must be satisfiedng$lll.12), lettingQ; = 1,1 = I, and
E {ﬁi} =E {I=I i } provides the equation necessary to solveifpr

B
LIS ce{0i"}] " i
It (p+(1+p)d) p ST

It is interesting to compare this relation with the corrasgiog expression for in-house firms
in (111.26). Treatingp as given and looking at either a pure in-house equilibridims= H and

Li = H, or a pure fragmented equilibriurhis = H andLs = L, the difference in the range of
variations of the consumption good is determined by thestifiice in the expectation of the

~ ~ B ~
demand shockD. If [E {D%/BH > QE{D;} the range of variations in the fragmented
equilibrium exceeds the range of variations in the in-haacglibrium.



11.32 ESSAY Ill. FIRM FRAGMENTATION AND THE SKILL PREMIUM

4.3 Firms Summary

The only endogenous variables left to determine are the @munt variables, i.e H;, L,
Hs, andLs. To solve for the employment variables, some long run stesate equilibrium
conditions are necessary.

5 Equilibrium results

This section discusses some of the results that are possilierive from the model. Results
based on closed form solutions are complemented by figuness tffe model is used to analyze
what factors affect a potential firm owner’s choice to starirahouse or a fragmented firm.
Next the effect from shutdown threats on the skill premiumissussed. Finally the results are
illustrated in a numerical example where the skill premisngiaphed for various parameter
values.

5.1 Steady State Equilibria

To solve for the steady state equilibriumitis necessaretemineH;, L, Hs andLs. Appendix
[11.C shows how to determine the type of equilibrium thatlvekist, using the steady state
equilibrium conditions:

E{Wh} =wsn E{W}=ws. (1n.41)

The equilibrium conditions, which simply state that exjgelcivage rates must be equal in in-
house and specialized firms, are a bit simplified. While tloper conditions should be written
in terms of lifetime utilities, simplifying them does noteat the results qualitatively, but rather
simplifies the exposition.

From Appendix III.C it follows that the economy will be in aafymented equilibrium only
if Aljs is positive wherd\ljs is defined as:

1p
B

Alif = { W T/B . : li—1f > 0. (111.42)
Qfwi (meih>a (szn) -
Qf Qf

If this condition is violated, the economy will be in an inds® equilibrium. The interpretation
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Is quite simple. If the investment cost for fragmented firsifarge relative to in-house firms,
an in-house equilibrium is more likely, and vice versa. Thifows from the relation between
I+ andl; in the expression fahl;s.

The my andm, parameters determine the markup factor over marginal cosipiecialized
firms producing intermediate goods, i.e. producers ofdtlendZ goods. The parameters can
be interpreted as the degree of competitiveness in the mfarkidne X andZ good. A largem
implies less competitive markets which in turn implies @gprices of intermediates goods. An
intuitive conjecture is that a higher degree of market pdaespecialized firms should decrease
the likelihood of a fragmented equilibrium, which is alsaified since increasing either of the
m's decreases the first term on left hand side.

To investigate the impact of a mean preserving spread in démtis assumed that all
workers are identical. This assumption sidesteps anyildigitonal consideration and simplifies
the expressions. To see this, note that = y = 1/2 andp;, = p;, it follows that Gy, = Gj
andGﬁ‘,Gill*“/Qi‘ is independent oA. The only remaining term depending on the variation in
demand, i.e. depending @y is:

<1/p\ 1P
e

To see how the right hand side follows from the left hand ssée, the definitions in Appendix
[1I.C. To analyze the numerator, note that since

E{5F°) arama-n¥a-apain .44
an 2(1+1/p)A? | e

o[e (0"}
0A

This relation tells that the value of a fragmented firm insesadue to a mean preserving spread
in demand. The rationale for this result follows from the @eh function derived in Section
2.2. If a firm owner must commit to an employment choice befoeademand shock is revealed,
a mean preserving spread in demand does not affect the idhefom. However, an owner of
a fragmented firm has the option to choose the productioth éxveost the demand realization,
and this extra option must increase, or at least not decréasexpected profit and thereby the

it follows that:

> 0.
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Table 111.2: Default Parameter Values

5=1/10 p=
eihzen :1/2 C=

value of the firm.

Turning to the denominator, whgh> A the denominator is simply 1. However, expanding
Q'E {D;'} assuming tha < A and using (I1.23) and (Ill.22a) gives:

QE (D) iy [%]2 . (11.45)

B<A

The derivative of this expression with respectdas clearly negative. The analysis of the nu-
merator and the denominator implies that if workers aretidah a greater variation in demand
implies that a fragmented equilibrium is more likely. Thasglies that the value derived from
the option to purchase intermediate goods ex post the agializof the demand shock increases
as the variation in demand increases, relative to the vdlbawng the option to shut down the
firm.

In Figure 111.3 relation (111.42) is graphed. Wlj; is greater than zero the equilibrium is
a fragmented equilibrium; otherwise it is an in-house euium. Figure 111.3(a) verifies that
increasing the variation in demand pushes the economy dswairagmented equilibrium.

Figures 111.3(a) and I11.3(b) indicate thfithas an ambiguous effect on the type of equilib-
rium. Note that in Figure 111.3(a) the potential fragmeneglilibrium is heavily distorted by
non-competitive markets for intermediate goods; the m@adier marginal cost is 100%. 4f
is small, increasin@ pushes the economy towards a fragmented equilibrium\ i¢f close to
unity, increasing3 has a less clear effect.

A greater3 decreases the frequency of shutdown threats, bringingntheuse equilibrium
closer to a competitive equilibrium where firm owners mazenéxpected profits and cannot
dismiss workers ex post the realization of the demand shéclarger B also decreases the
effect of the demand shock on revenues, thereby decredmnglue of choosing employment
ex post the realization of the demand shock, an option ordyable for owners of fragmented
firms. This implies that increasing brings (111.43), i.e. the first bracketed term in (111.42),
closer to unity from above.
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Figure 111.3: Equilibrium Type
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ForAlj; < 0 only in-house firms operate in the steady state equilibrinimerwise only fragmented
firms do. See Table III.2 for default parameter values.

The second effect from increasifigs thatG—i_,t' and% approach unity from above. There-
fore, the term within the second brackets in I(III.42) Iapphmm;“ mZ—1 from below asB
increases. However, due to tfle— 3) /B exponent the entire second termin (111.42) approaches
unity from below af3 increases. This tends to push the economy towards a fragthequilib-
rium. Taken together, the effect Bfon the type of equilibrium is ambiguous.
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An interesting hypothesis is that the more distorted thatined prices in the in-house sce-
nario, the more likely that a fragmented equilibrium arisk&sest for falsifying this hypothesis
can be carried out by varying the unemployment replacenagiat, u,. Increasingl, decreases
the surplus to bargain over and thereby brings the expeetative wages closer to the relative
marginal revenue product of each factor.

Also, bear in mind that foo =y, relative wages are not distorted by bargaining between
high-skill and low-skill workers, and that in the fragmedhtequilibrium the relative wages of
high-skill and low-skill workers are not distorted. Figute3(c) graphsAljs varyinga anduy,
given that the bargaining powerys= 3/4.

If the hypothesis that more distorted relative prices inithkeouse scenario push the econ-
omy towards a fragmented equilibrium is correct, tidp should by minimized att =,
since this minimizes the distortion in relative wages. Rertincreasingl, should decrease
Alijs, because the surplus to bargain over decreases. The @itwhpicted in Figure 111.3(c)
indeed shows thaiklis is minimized ato = y and that increasing, decreaseAl;s; hence, the
hypothesis cannot be falsified by those tests.

A second test of the same hypothesis is found in I11.3(d) whéif is graphed for com-
binations ofA andy. Besides once again verifying that Asncreases so does the likelihood
of a fragmented equilibrium, note that, as beforey-ata = 2/3 the likelihood of an in-house
equilibrium is maximized. Further, the greater theelative top, the more distorted the relative
prices and the less the likelihood of an in-house equiliriu

It is tempting to fall back on the analysis in Acemoglu et 20@1), where the degree of
redistributive contracts that can be specified by low-skdkkers is limited by the wage rate
paid by firms hiring only high-skill workers. In this settirigere are no outside firms hiring
only high-skill workers, and even though a high degree ofstetbution from high-skill and
low-skill workers increases the value of starting a spegal firm producing the high-skill
intermediate good, it decreases the value of starting a fiodyzing the low-skill intermediate
good. It is therefore not straightforward to see why moréodisd relative wages of high-skill
and low-skill workers tend to decrease the likelihood ofrahouse equilibrium.

5.2 The Bargaining Effect

In Appendix I11.C, it is shown that a steady state equilibmiwill not exist with both in-house
firms and fragmented firms. Therefore this section presestdts by comparing the two possi-
ble steady state equilibria: one in which all firms are ingetirms, and one in which all firms
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are fragmented or specialized firms. Uétdenote total employment of high-skill workers,
H = H; + Hs, and letL denote total employment of low-skill workeds= L; + Ls.

The Fragmented Skill Premium If there are no in-house firms, it follows that every em-
ployed high-skill worker is employed by a specialized firaly = H andH; = 0. Similarly,
every employed low-skill worker is employed by a specialifien; Ls = L andL; = 0.

The skill premium s = EEVV\@*"% = "V‘é—j‘ is easily computed using (111.37) and (l11.38):

a
1-a

o — XEX&_ (I11.46)

My

This is the standard Cobb-Douglas skill premium, augmelnyedmarket competitiveness term.
The first term corresponds to the standard Cobb-Douglashigeig the production technology.
The second term is the standard Cobb-Douglas relative gupph. The last term corrects
for differences in the markup over marginal cost for firms &wng high-skill and low-skill
workers.

The In-house Skill Premium If there are no specialized firms, it follows that every enypld
high-skill worker is employed by an in-house firtd; = H andHs = 0. Similarly, every em-
ployed low-skill worker is employed by an in-house firbp;= L andLgs = 0.

The skill premiumy = Efght, is easily computed using (111.32a), (111.32b), (11l.24ahd
(I11.24b):
¢ Lo E{uR)
_ . a L ! 1-B E{aﬁi}
“w= l1-a % H x Q*—i—liQi* E{(1-yR ]} (n.47)
: 1-B E{(1-a)R }

The three different terms are easily interpreted. The frshtcorresponds to the standard Cobb-
Douglas weights in the production technology. The secord te the standard Cobb-Douglas
relative supply term. The third term is the novel term. Dusttotdown threats, wage bargaining
is introduced into the model.

The bargaining ternts;, augments the standard Cobb-Douglas skill premium andiisetk
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as
+  1-Q E{uR}
. Q4+ B Eor} _ Gin (111.48)
' - E{@wR} \" Gy )’ '

Q + 1-B E{(1-o)R }

where the expected revenue shares obtained by high-s#iloanskill workers are defined by
(11.31a) and (ll1.31b). The expression in parenthesesmedes the bargaining term with the
definitions in Appendix I11.C.

Proposition 1.1 (The Skill Premium with Shutdown Threats) The possibility for firm own-
ers to shut down the firm if revenues are low creates a barggisituation where low-skKill
workers in general increase their relative wage rate, coragao high-skill workers.

Proof First note that in general there is no reason to expect th&eanéor high-skill inter-
mediate goods to be more or less competitive than the mavk&ivi-skill intermediate goods.
Therefore, in generah, = m,. Further, a necessary and sufficient condition for higtl-skirk-
ers to have a higher competitive, given the same supply of Jatage is thatt >1/2 > 1—a.

If G; < 1, bargaining under shutdown threats in general decrehseskill premium. From
a simple inspection of (111.48), it is clear that a necessarg sufficient condition is that:

O E{yR}
1-a” E{(1-W)R}

By inspecting (111.31a) and (111.31b), it is immediatelyear that with a replacement rate
equal to unityu, = 1, this condition reduces to:

1-a

a Y
1-y

While high-skill workers might be in a superior bargainingsfion, i.e. have a better outside
option, there is no reason to assume that high-skill worlkave a greater bargaining power, i.e.
y > 1/2. Therefore, bargaining under shutdown threats decreheeskill premium with full
unemployment coverage.

In the case of a less than 100 percent replacementugte,l, it is still possible to prove
the proposition under the assumption tpgt=p; andy =1/2. If so, the denominators in

(111.31a) and (I11.32a) are identical and the first term i thumerators are also identical, while
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the sign of the second term differs. With> 1/2, it is easy to see tha@ {YR} is less than
E {(1— )R}, which proves the proposition. i

The bargaining powerparametery, could be interpreted as capturing differences in the
bargaining skills of high-skill and low-skill union repreastatives. It seems far fetched to assume
any systematic differences in the bargaining skills actiesparties. Hence, it seems reasonable
to assumey = 1/2. Given the vague definition of high-skill and low-skill, appears to be
difficult to assert anything specific about the relation ewthe markup factor in markets for
specialized goods. The assumption timgiequalsm,, therefore seems reasonable.

The assumption that,;, equalsp; is more problematic. It seems reasonable that high-skill
workers find new employment more easily than low-skill waskemplying thatp,, is greater
thanp; (recall thaf = p+ 8), which intuitively should increase the relative wage fatenhigh-
skill workers. To verify this intuitive claim, maintain theessumption thay equals 2. The
ratioE { YR } /E {(1- )R } is computable given the expressions in (Ill.31a) and (Ub)3 In
order to make this ratio a bit simpler, let the unemploymeptacement ratio be zeray = 0.
The ratio then becomes:

E{yR}
E{(1-yR}

[BinBi +(1-Q7 )pin] E{I?, }-Q; (1-B)op; *(1*0‘)5”1]'5{%}
[Pindy +(1-Q))py [E{R }+Q (1-B)[apy —(1-a)pr]E{R } °

Now consider a change increasifygand decreasing such that the produ@,p; remains
constant. This is clearly beneficial for high-skill workeedative to low-skill workers because
the matching quality on the labor market for high-skill werk increases while the matching
quality on the labor market for low-skill workers decreaséstuitively, this should improve
the bargaining position of high-skill workers relative twl-skill workers and thereby increase
the bargained relative wage for high-skill workers; thatGs should increase. Inspecting the
ratio above, this is clearly the case, because the numdraticgases while the denominator
decreases. This of course raises some concerns about theamge of the result in Proposition
[11.1. It should however be noted that if workers have a higdtdunt rate, the importance of
the matching quality in the labor market is low, sifcequalsp + 8 and6 never appears outside
this sum.

The bargaining ternG;, is plotted in Figure Il1.4 for various parameter settingsG; less
than unity implies a lower skill premium relative to the slard competitive economy and the
fragmented equilibrium. The lower th®,;, the lower the skill premium. From Figure 111.4(a)
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it is evident that wage bargaining only decreases inequiliy < a > 1/2, meaning only if
the superior productivity of high-skill workers is not mhaéxl by an at least equally superior
bargaining power.

By inspecting Figure 111.4(b), it is clear that a higH{&decreases the moderating effect from
shutdown threats. The moderating effect on the skill premitom shutdown threats on the
skill premium decays a8 approached from below. The reason is that a higlemplies that
shutdown threats occur less frequently, gre@grand workers are more frequently paid their
marginal revenue product. Figure I11.4(b) also verifieg thereasing the unemployment benefit
ratio, up decreases the moderating effect of wage bargaining.

Figure 111.4(c) verifies that shutdown threats are redisitive as long ast > v, i.e. as long
as the superior marginal productivity of high-skill workés not matched by an equally superior
bargaining power of high-skill workers relative to low skilorkers. It is clear from the figure
that high-skill workers benefit from shutdown threats rnie&ato low-skill workers only ify > a.

Figure 111.4(d) summarizes the results neatly. As long analed shocks are smalh (<
B = 1/4), shutdown threats do not affect the skill premium. With arenuncertain demand
(A >> B), shutdown threats decrease the skill premium more draaibti unless high-skill
worker bargaining power is sufficiently superigr a). In the latter case, demand uncertainty
and shutdown threats magnify the skill premium, but thisnBkely unless there is some ex-
plicit reason as to why the bargaining power of high-skillrisers should be greater than the
bargaining power of low-skill workers.

From the results above it is clear that fragmentation in genecreases the skill premium
since low-skill workers never bargain over wages with haiiil workers. This hurts low-skill
workers, relative to high-skill workers. In a fragmentedeamy low-skill workers can no
longer compensate their inferior productivity via a relaly stronger bargaining position.

5.3 The Skill Premium

To exemplify the full results of the model, consider a scenahere the markets for intermedi-
ate goods are not perfectly competitive, such that 2 > 1 andm, = 2 > 1. Figures Ill.5(a) —
[11.5(d) depict the model’s prediction of the skill premiuior different combinations of demand
uncertaintyA, and degrees of market powgr,

Figure 111.5(a) illustrates the skill premium in a hypotieai fragmented equilibrium. In a
fragmented equilibrium the skill premium is simply' (1 — o) = 2. Changing the variation in
demandA, or the degree of market pow@, does not alter the skill premium as both high-skill
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Figure I11.4: Bargaining Effect
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If G; < 1, the skill premium is lower in the in-house equilibrium, ilefor G; > 1, the skill premium is
higher in the in-house equilibrium. See Table I11.2 for défgparameter values.

and low-skill worker wages are proportional to the margneaknue product.

Figure 111.5(b) depicts the skill premium in a hypothetigathouse equilibrium. In this
scenario the skill premium decreasespd4a increases. The reason is that(B4\ increases,
shutdown threats and thereby renegotiations of wages betEss frequent.

Note that as long &8 > A, firm owners never exercise their right to shut down the firih an
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Figure I11.5: Skill Premium
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Figures 111.5(a) and 111.5(b) illustrate the skill premiuim a fragmented equilibrium and an in-house
equilibrium, respectively. The type of equilibrium is deténed byAl;s illustrated in Figure I11.5(c).
Figure 111.5(d) illustrates the skill premium, taking thge of equilibrium into account. See Table 111.2
for default parameter values.

the skill premium is identical to the skill premium in the lotpetical fragmented equilibrium.
However, as thé/f ratio increases, the skill premium decreases. At most tilgpsgmium is
about 37 percent lower than in the hypothetical fragmengedlierium.

Figure 111.5(c) maps each combination @fandA with either an in-house or a fragmented
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equilibrium. Everywhere in the graph wheis < O, the economy is characterized by an in-
house equilibrium, and otherwise by a fragmented equiliari As can be seen in Il1.5(c), an
in-house equilibrium is most likely for low values Afcompared t.

Combining 111.5(a) — 111.5(c) yields I11.5(d), which plotthe skill premium taking into ac-
count the type of equilibrium. As can be seen in 111.5(d), $ké! premium is clearly non-linear
in B as well as iM\. Taking into account the type of equilibrium hampers thesptal for redis-
tribution, since some equilibria where the in-house efquuim redistributes, i.e. whefg< 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, this paper spins tistsges by considering domestic
outsourcing or domestic contracting out and linking wageshiutdown threats.

Shutdown Threats Firm owners always have the option to default, i.e. to shwrdthe
firm and sell its assets. If demand is lower than some endageathoeshold, firm owners can
minimize losses by shutting down. In this case the losse$irforowners are limited to the
depreciation of initial capital investments, since laban de disposed without cost. Workers
on the other hand always have the option to leave the firm aodnbe unemployed, but the
expected lifetime utility of being unemployed is inferiorthe expected lifetime utility of being
employed.

The firm owner’s option to default on labor contracts leada trargaining situation. Firm
owners threaten to shut down the firm if the realized profé raisufficiently low. Workers are
reluctant to become unemployed and therefore negotiatewsaye contracts to motivate the
firm owner to keep the firm alive. Renegotiated wage rates aetermhined by the bargaining
positions of high-skill versus low-skill workers. In thengple setting of the model, marginal
productivity only matters indirectly via the outside optgof high-skill and low-skill workers.

The superior marginal productivity of high-skill workedative to low-skill workers is not
matched by an equally superior bargaining power of high-slarkers relative to low-skill
workers. Therefore low-skill workers benefit from bargamprelative to high-skill workers.

Another interesting consequence is the firm size effectwifers have the option to shut
down the firm, they are no longer inclined to face the full afdow demand realizations. This
asymmetry motivates firm owners to increase the size of theifiresponse to greater demand
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uncertainty. Workers are paid higher wages if the firm owme&sthot threaten to shut down the
firm, but shutdown threats become more frequent.

Fragmentation Looking at the fragmentation process (i.e. outsourcingamtracting out)
and taking into account wage bargains over losses, it isteasge that fragmentation is likely
to increase the skill premium.

In an economy with a low degree of fragmentation, each firmieamany tasks and re-
quires a wide range of workers with different skills and kslalels. In the presence of shut-
down threats, low-skill workers can increase their wage ratative 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 group of workers.ofes finms employ only high-
skill or low-skill workers, the possibility for low-skill workersotcompensate for low marginal
productivity by bargaining with high-skill workers vanes$y, and the skill premium increases.

The analysis shows that fragmentation is more likely to ogdgth greater variation in de-
mand and as the market power of firms selling the consumptiod geclines, i.e. if consumer
preferences for variety decreases. As would be expectetively, when markets for interme-
diate goods become less competitive, the likelihood ofrfragtation declines. The quantitative
analysis in the paper also suggests that the more distdrgectlative wages of high-skill and
low-skill workers (i.e. the more the relative wage rates ighhkskill and low-skill workers de-
viate from their relative marginal productivity), the mdiieely that a fragmented equilibrium
arises. However, this remains a conjecture that could eelita proven nor falsified.

Appendix

1L A Record of Notation

Table 111.1 depicts the general logic for subscripts usechiiegorize different variables. Indices
over a continuum are written in parentheses. All symbolsliated in Table 111.3. Random
variables are marked as; or -, depending on the information available. An upper case symb
is used for the stochastic variable while a lower case synshaked to denote a particular
realization of the corresponding random variable. Uppesedatters are also used to denote
aggregate quantities, while lower case letters are alsbtosdenote micro quantities. Symbols

marked by a superscriptedare derived from an optimization problem.



III.LA. RECORD OF NOTATION

Symbol

Table 111.3: List of Symbols

Meaning

Do

—h

a:lo_;u'ol,oe-d'ozlszgl—xh—1<;ljo

gs<cs

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.

.45
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I1.B Profit Maximization

The shutdown condition in (111.20) is greatly simplified bging the inverse demand function
in (11.2a) together with the production functions in (1B) and (111.3b):

C1® a1-p) (o)1
{%} h PP g, —winhy —wy 1 = 0.

The objective for the in-house firm owner is therefore to nmaze the expected profit rate
E{M}:

B
[1-F(dj)] { {%} hia(l_B)h(l_a)(l_B)E {f),} — Winhj — wj | } —9lj, (111.49a)

subject to the shutdown condition (solved &q):

B .

~_|P Winhi +w |

Q'_H HGB) T B (111-49b)
| |

The impact old; on the objective function is twofold. On the one hand, a highéncreases
the probability, viaF (d;), that the firm owner will threaten shut down. On the other hand
increasingd; increases the expected productivity of Workers,E/i@i}, and thereby increases
expected profits if the firm owner does not threaten to shutndtive firm. The constraint
guarantees that the firm manager is loyal to the firm owner byragy that the value of the firm
IS maximized.

B.1 The Unconstrained Solution

To solve the problem: First expand-F (d;) using the definition in (Ill.1), then expar{ D; }
using the conditional expectation formula such Eléﬁi (di)} =1/2x (1+A+d;), and finally
replaced; in the objective function, using the constraint. The obyectunction simplifies to

p|° p1*
(1+A0)207 P2 H (1+0)D+ H P20P1,
where the auxiliary variable® and® are defined as:

@:hiahl*a D = winhy +w ;.
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The first order conditions with respecthpandl; simplify to:

a(l—B)(1+A)20 B —a(1-pB) [g} % 2081
= (11.50a)
2[ [ @~ 2] o0 wan

(- )@ BL a2t (1-a)1-p)[2]  wrert
_ (111.50b)
2 Hg]B(HA) - [g]quaeB—l] wi .

Dividing the first order conditions results in the familiaolih-Douglas mix of factors:

a  Wpnhi

1—a  wy |’
This implies that firms minimize costs, whichever quantity firm plan to produce, an intuitive
result. The auxiliary variables simplify as:

A 1_G A .
o= {1—0%} ho o Vi (I11.51)
o wj a

Eliminatingh; in the first order condition with respect pusing thed expression:

. Z[CpB ol 8 (HB)[%’}B

1-B)(1+2) &  (1-B)*(1+4)%

o P
o

Solving the second order equation@—? /& gives two solutions:

1-B 1+ B
e " _ 1EBIpl (111.52)
O 1+A|C

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

WP =

Wih

[ a ]1—(1—0)(1—3) {1_0} 1-01-P) ¢

Win oL-P
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B o a(1-B) 1—a 1-a(1-p) o)
"= [w—] {w—] o1 F
(1-B)(1+4)

14p

To verify thatd; = (1—-)(1+4)/(1+B) is a local maximum, note that the first order
conditions imply that botl® and® are linear inh;. Therefore, the objective function and the
constraint definingl; can be written as

E {I‘I} = a]_f'lil_[3 —agh; + aghi:I'+B -0l
di = a4hiB,

with g > 0.

Clearly, for hj = O the objective function is-dl;, while for sufficiently small choices of
h > 0, the objective function is greater tha®l;. However, the solution implying thdf =1+ A
implies that 1- F(d;j) = 0. Again the objective function equalsdl;.

Taken together, this implies thatlat= 0, the objective function equaisdl;, but increases
ash; increases. Eventually equalsh; which implies thad; = (1+A)(1-B)/(1+B) < 1+A.
Increasingh; further decreases the value of the objective function tmt# h; which implies
thatd; = 1+ A, where again the objective function equaldl;, since 1- F(1+A) = 0.

Therefore the solution with

L (A-Basa

hd | 1+B

8 - ﬂ 9 B[i} 1-(1-a)(1-B) {1_—0} (1-0)(1-B)
o= B)1+B[TJ Wih Wi

B 1+ [CIP[ a 190 P 11—t 0P
e T R s

is indeed a maximum.

B.2 The Constrained Solution

Before accepting the solution derived above it is necegsacheck that the cut-off valug; is
within the range of the realizations of the stochastic dednamiable D;. That is, it is necessary
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to check that - A < d; < 1+ A, which in turn is equivalent to checking that:
0<F(dj) <1 (11.53)

Given the definition of (d) in (l11.1) and maximizing choice odi; this implies checking that:

(1-p(A+8)/(1+B)-(1-4)

0<
- 2A

<1 (111.54)

Note that this function is decreasingfnfor 0O< B <1 (A <1). ForB=0,F(d;) =1, implying
that the maximizing choice af; never violates the conditiof(d;) < 1.

However, increasin@ starting at3 = 0 violatesF(-) > 0 atf3 > A. F(-) is nothing but
1- Q. So forf3 > A, the solution to an unconstrained problem dictates the fiumen to shut
down the firm with a negative probability. This is of course game as to say that the firm
owner keeps the firm running with a probability greater thae.o

The proper way to handle this problem would have been to shl/@ptimization problem
adding the constraints9Q F(d;) < 1. The result would, given the discussion above, be that for
B < Athe unconstrained solution derived above would apply,evioit 3 > A, the first constraint
would bind and the solution to the problem would be argmax of:

B
[1—F(di)] {{%] hf‘(lB)Ii(la)(lB)E{f)i}—wihhi—wnl}—éli

st. F(di)=0

Consequently, the first bracketed term equals unity whilé;) = O implies thatd; = 1 — A,
which in turn implies tha€ {D;} equalsE {D;}. Therefore the solution to a firm owner’s
problem wherf3 > A is:

C1P a1 p) (1) 1-p) (=
max {6} hia(l B)(1-a B)E{Di}—Wihhi—WiH—5|i.

hi, |;

The solution to this problem is simpler. Straightforwar@ wé the first order conditions fdr,
andl; implies:
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Wih

|iB _ (1-p) {gr[ o r(lﬁ) {1_0(]10((13).

B 1-(1-0)(1-B) 11 _ o1 (1-0)(1-B)
WP = (1-p) F {i} {1_0(}

ih Wih

B.3 The Complete Solution

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

B

o (1-B)(1+A BSA
= ]l 1-a B>A

P = (1-B) E{D} {Q}B{gr‘“‘“m—@ {1—0(](1‘“)(1—3)

d Pl Win Wi
R C B a a(1-B) 1—qa 1-a(1-B)
N i
df

Note that foi3 < A, firm owners choose the threshold ledel= 1 — A which is at the lowest
realization of the demand variable. In this case, the firmews never inclined to shut down
the firm ex post the realization of the demand variable,Qe= 1. Further, expected demand
E {[3i} evaluated atl; = 1 — A is simplyE {f)i}. Therefore, for low values @ the firm owner
never threatens to shut down the firm and the standard campegsults hold.

[II.C Equilibrium Conditions

To solve for the steady state equilibrium it is necessaryetemnineH;, L;, Hs andLs. To do
this it is assumed that in the steady state equilibrium:

E{Wh}=wsp E{W}=wsy. (11.55)
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The expected wage rates are rewritten as

x Ki | HOL - K. [HaLi-o
E{W'h}:aWiGihﬁ: IK: E{\Nll}:(l_a)WiGilf; IK: ]
(Il1.56a)
—a11-P 1 q1-B
w Ky [HELLo1? We K [HgLS }
Wsh=Aa—— Wel = (1—0a)—— ’
sh mst{ K; ] sl ( )mst K
where
., [C]P
Wi = (1—B)E{Di}H (Il1.57a)
B
ws = (1-P) [E{[")%/BHB{% (I11.57b)
1-Q E{yR}
Gn = Q e 111.57
in Q + 1B E{aR} (11.57¢)
1-Q E{(1-YR}
Gi = Q ' -1 11.57d
il Q| + 1_B E{(l—G)Rﬁ} ( )
Solving the system in (I11.55) foHs andLs implies:
s 1 1/B Kt
"o = {Wi(meih)l_(l_a)(l_B)(szil)(1—0)(1—5)} K (I11.57¢)
| Ws 1 1/BKf_
. {Wi(rnxGih)““—B)(mZGi.)1—a<1—8>] Ko (I11.571)

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

Ws > Wi (MGin)* 4P (m,G; ) -0 (E-P),
meaning that more workers are employed by specialized findve&e versa.
In the steady state equilibrium, the value of owning a firm neggsial the start-up cost. This

condition is met for in-house firms only if (111.12) is satisfi. The expected profit rates for
in-house firms not threatening to shut down are given by288), which rewritten using the
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definitions above gives:

- pw [Horalt P
E{ni}zl_'B[ 'K: ] —3l;.

Since the value of owning a firm must equal the start-up cti$tlZ) must be satisfied.
Solving forK;:

1
C B 1+p Q'w | P ay 1-a
Ki = [1—[35—}-p—}-5p 7 H L. (111.58)

In order to investigate if in-house firms and fragmented ficas co-exist in the steady state
equilibrium,Hs andLs in the expected profit expression for fragmented firms, 4&4@) are
first eliminated using (111.57e) and (111.57f). In the refnb expressionk; is eliminated using
(111.58). The resulting expected profit rate for fragmentiechs is:

1-B
~ +(14p)d [w 1 B
E{I‘If} _ p ( p) {_S i

1/B
1+p Wi] {(meih)“(szn)l‘“ Q

As for in-house firms, in the steady state equilibrium theigadf owning a fragmented firm
must equal the start-up cost. That is, (I11.12) must holdw&t{[;} replaced byE {1}, I;
replaced ¢, andQ; replaced by 1, implying:

] . =N
[WJ [(n&Gih)a(WGil ol Qo 17 =9. (111.59)

This relation depends only on parameters and exogenousblesj which in turn implies that
a mixed equilibrium can occur only for a specific set of paremnealues, with measure zero.
That is, in the steady state equilibrium there exist onlfause firms or only fragmented firms,
but not both.

If (111.59) is greater than zero, it is more profitable to starfragmented firm than an in-
house firm, while if (111.59) is less then zero then it is momdftable to start an in-house
firm. As it turns out, the main determinant for which type oligiprium to occur is the re-
lation between fixed investment costs and marginal prodtcti A higher investment cost
for starting a fragmented firms > I;, must be compensated by high marginal productivity,
Ws > Wi (MmyGin ) %P (m,G; )1~ (1-B)  corrected for the additional cost due to markup over
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marginal cost for goods purchased on the market.

It is not surprising that a mixed equilibrium will not exigince there is no mechanism
generating an interior equilibrium. Consumers do not canetiher goods are produced by in-
house or fragmented firms and in equilibrium the most cogtiefft production method is used,
taking into account that the expected wage rates paid bpuséd and specialized firms cannot
deviate.
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