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Abstract

This thesis focuses on the wage distribution among individuals with different skills and skill

levels. It consists of three essays after a short introduction.

Essay I

Risk, Occupational Choice, and Inequality

This essay presents a new theory explaining increased wage inequality. A standard endogenous

growth model is augmented with occupational choice of high-skill workers. Depending on

the occupational choice, high-skill workers earn either a certain or uncertain income. Wage

inequality, measured by the average wage of high-skill workers divided by the average wage of

low-skill workers, can increase or decrease due to anincreasedsupply of high-skill workers.

Essay II

Market Imperfections and Wage Inequality

This essay investigates, theoretically, the relationshipbetween various market imperfections

and the skill premium. As opposed to other models relating market imperfections to wage

inequality, the model in this paper assumes perfectly competitive labor markets but distorted

product and financial markets. The paper predicts that the skill premium is positively correlated

with consumer preference for variety, because preference for variety leads to greater market

power and thereby higher profits. In addition, shorter product cycles increase the skill premium.
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ii ABSTRACT

Essay III

Firm Fragmentation and the Skill Premium

This essay investigates the interaction between demand uncertainty and non-competitive labor

markets where firm owners have the option to shut down and relocate. Workers cannot find

new jobs instantly and therefore accept wage reductions to avoid unemployment, if firm owners

credibly threaten to shut down.

The analysis shows that the expected wage rate is a mix of a competitive wage rate and a

bargained wage rate and that this lowers the skill premium. Further, the option of firms to shut

down and relocate increases the average size of firms. The analysis also shows that outsourcing

or contracting out is more likely if demand is more uncertain, if market power is smaller, and if

the markets for intermediate goods are more competitive.

Fragmentation increases the skill premium because it leadsto more homogenous firms, with

respect to workers’ skills. With more homogenous firms, low-skill workers cannot compensate

their inferior productivity in wage bargains with high-skill workers.
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Introduction

Economics is a fascinating subject. Modern economics aims at using the intrinsic logic of

mathematics to explain an ever growing amount of real life phenomena in society. This thesis

revolves around one of the most fundamental issues in every society, namely the distribution of

what is commonly produced. The positive and normative discussion of distribution has always

been a central subject in economics, from the writings of theclassical economists, such as Marx,

Smith, and Ricardo, to present writings in economics.

However, distribution is, given the vast amount of work on the subject, a much too broad

a subject for a thesis. This thesis focuses mainly on industrialized countries and differences

in wages across individuals with different skill levels. Inwhat follows, a short overview of

trends in distribution of income in some industrialized countries is presented, then the existing

theoretical literature on wage inequality is briefly surveyed before the contribution of this thesis

is summarized.

1 Inequality in Different Countries

The distribution of income differs considerably among different industrialized countries. For

example, as is shown in Figure 1, the disposable income of theperson at the 90th percentile was

almost 6 times the disposable income of the person at the 10thpercentile in the U.S. in 1997.1

The corresponding figure for Sweden was less then 3.5 in 1995.

Percentile ratios are attractive because of their intuitive simplicity, but they can be mislead-

ing since only two points in the distribution are used. The Gini coefficient may appear more

appealing since all data points contribute to the summary statistic. However, it is difficult to

interpret and also weights the observations arbitrarily. Fortunately, as seen in Figure 1, using

1The disposable income is adjusted using an equivalence scale.

1



2 INTRODUCTION

Figure 1: Distribution of Disposable Income

The figure illustrates the distribution of disposable income for a subset of industrialized countries.
Source: Caminada and Goudswaard (2001)

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

countries. In general, the variation in disposable income is lowest in the Scandinavian countries

(Sweden, Norway, and Finland), while the greatest variation in disposable income is found in

the English speaking countries (Unites States, Great Britain, and Australia).

1 Explaining Differences

Labor markets are complicated and the evidence that the standard competitive supply and de-

mand framework is insufficient is overwhelming. For example, in the competitive framework,

the wage rate for a specific type of worker should be uncorrelated with firm characteristics such

as firm location, profit rate, and size. However, it is well known that this is not the case. Slichter

(1950) notes that wages are correlated with for example the value added. Several later scholars

have verified systematic differences of wages across industries, taking into account differences

in worker characteristics and workplace conditions (Krueger and Summers 1988; Hildreth and

Oswald 1997; Edin and Zetterberg 1992; Hibbs and Locking 2000)

Once the simple supply and demand framework is abandoned, there seems to be an endless

variation of theories explaining wage and income inequality. In general, the variation in wages

is greater than the variation in disposable income. This is because every industrialized country
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provides some income security for its citizens (Ervik 1998). Notice that this is true for the

U.S. as well as for Sweden, even though the U.S. and Sweden often are considered to represent

the polar cases with respect to government intervention.2 While the redistributive role of the

government is interesting in itself and certainly very important for the variation in individual

disposable income levels, this thesis focuses on the variation in wages rather than income.

In explaining cross country differences in the variation inwages, Blau and Kahn (1996)

and Wallerstein (1999) show that after controlling for union concentration and coverage of col-

lective bargaining agreements, various other potential explanatory variables can be discarded.

Interestingly, even the supply of high skill workers seems to have only a minor impact on the

distribution of wages, which is certainly at odds with the standard competitive theory of the

labor market. The link from centralized wage bargains to lower inequality is supported by the

evolution of wage inequality in Sweden during the 1980s. Prior to 1980 the Swedish labor

market was characterized by a high degree of centralized wage bargaining, but beginning in

the 1980s the wage setting process gradually became more decentralized. The decentralization

coincides with increased wage inequality in Sweden (Hibbs 1991; Hibbs and Locking 1996;

Edin and Topel 1997).

2 Inequality over Time

Describing the changes in income inequality during the period 1970 – 2000 among developed

countries is not a straightforward exercise. The U.S. is typically used as the benchmark case

for comparison with other countries, since in most respectsthe U.S. shows an early and clear

cut case of increased inequality. While U.S. wage inequality increased most rapidly during the

1980s, a majority of industrialized countries experiencedincreased wage inequality during the

1990s. Within the family of European countries, the U.K. stands out by exhibiting the most

dramatic increase in inequality.

1 The U.S. Experience

Looking only at the distribution of wages without referenceto any worker characteristics such

as education, experience etc. reveals a growing dispersionof wages between the lowest paid

and the highest paid workers in the U.S. (Juhn et al. 1993, p. 415, Fig. 1). During the 1973

2It might be argued that governmental redistribution changes the distribution of wages because individuals
respond by changing their behavior. If so, the effect of redistributive policies are less clear.
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Figure 2: Trend in the U.S. Real Average Family Income

The family income of rich and poor families started to diverge in the 1980s as the income of poor
families declined while the income of rich families increased. Source: Smeeding (2002)

to 1989 period the median wage increased by 5 percent. The wages of the 90th percentile in

the wage distribution increased by approximately 20 percent between 1975 and 1989. On the

other hand, wagesdecreasedby about 25 percent for the 10th percentile during the 1970 – 1989

period.

The pattern in the early 1970s and after contrasts sharply with the pattern from the 1960s

when wages increased in both group. "After about two and one-half decades [1963 – 1989]

workers in the top 10 percent of the wage distribution have gained almost 40 percent, whereas

workers in the bottom 10 percent have lost over 5 percent in real terms" (Juhn et al. 1993, p.

416). Gottschalk (1997) reports that the real income ratio between the 80th and 20th percentiles

in the distribution shows a clear upward trend in the 1968 to 1992 period (Gottschalk 1997,

p. 23). The findings for the 1970 – 1990 period are confirmed by Juhn et al. (1993) and by

Figure 2. It is also clear that during the 1990s the trend towards increasing income inequality

was muted because the income levels of those with the lowest income started to increase. In

fact, the U.S. inequality increase in the 1985 – 1995 period does not stand out relative to many

other countries (Förster and Pellizzari 2000; Smeeding 2002).

Inspecting and comparing wages among and between individuals with different years of
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schooling show that the skill premium increased dramatically between 1980 and 1990. Gottschalk

estimates standard (log) wage regressions in each year from1970 – 1990. The dummy variable

for a college degree shows a decreasing trend during the firstpart of the period, 1970 – 1980,

and an increasing trend during the 1980s. Hence, changes in the skill premium cannot explain

the increased inequality during the 1970s. The pattern overthe entire period shows a significant

increase in the skill premium (Gottschalk 1997, p. 30). Thisfinding is verified by Juhn et al.

(1993), but Gottschalk (1997, p. 30) points out that “... it is important to remember that the

increases in the college premium are being driven more by thedecline in real earnings of high

school graduates than by the increase in earnings of collegeworkers.” Any full explanation of

the changes in the U.S. skill premium is therefore obligatedto present a plausible case for an

absolutedecreasein earnings of workers with less education. In summary, U.S.earnings data

point unambiguously to a trend of increased income inequality and a growing skill premium

over the last 20 years.

2 The European Experience

The rapid increase in U.S. wage inequality was unmatched by most European countries in the

1980s. Gottschalk and Smeeding (1997) summarize the changes in Europe. While the U.K.

stands out in the European family by experiencing large increases in earnings inequality during

the 1980 – 1990 period, the European experience is in generalmixed. Most countries but not

all experienced some increases in earnings inequality. In Figure 3 the changes in the Gini

coefficient over disposable income is graphed for a subset ofcountries.

The U.K., Canada, and Austria all have experiences quite similar to the changes in the U.S.,

according to Gottschalk and Smeeding. Other countries suchas Germany, Italy, Finland, and

the Netherlands experienced either no or only slight increases in inequality during the 1980s

(Gottschalk and Smeeding 1997, p. 654, Table 2).

If one extends the period by including 1990 – 2000, several scholars point out a weak trend

towards increased inequality in disposable income; see forexample Förster and Pearson (2002),

Caminada and Goudswaard (2001), and Smeeding (2002). However, focusing instead on earn-

ings inequality, Gottschalk and Joyce (1999, Figure 1) report increased earnings inequality for

a subset of industrialized countries mainly during the 1980s. For the period starting in the mid

1980s and ending in the mid 1990s, Förster and Pellizzari (2000, Table 3.1) report the change in

the share of market earnings obtained by individuals in the bottom deciles and the top deciles.

Remarkably, the market income share for the bottom decilesdecreasedin 17 of 18 countries,
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Figure 3: Changes in Income Inequality

The figure graphs the trend in the Gini coefficient over the period 1980 – 1990, showing a general trend
toward increased inequality in most countries. Source: Smeeding (2002)

while the income share of the top deciles increased in 14 of 18countries.

3 The Swedish Experience

Cross-country studies of changes in inequality in Sweden during the 1980s and early 1990s

give a mixed picture. While for example Caminada and Goudswaard (2001) and Gottschalk and

Smeeding (2000) report dramatic changes relative to other industrialized countries, Smeeding

(2002) and Förster and Pearson (2002) report only modest changes. However, looking at stud-

ies focusing on inequality trends in Sweden, a general trendtowards more variation in income

appears during the 1990s. Figure 4 shows the evolution of inequality in disposable income mea-

sured by the Gini coefficient for the 1975 – 1998 period. The figure is taken from Gustafsson

and Palmer (2001) and is confirmed by for example Nelander andGoding (2004). During the
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Figure 4: Gini Coefficient for Disposable Income in Sweden

The figure displays the Gini coefficient for disposable income, adjusted using an equivalence scale, in
Sweden over 25 years, starting in 1975. While the Gini coefficient decreased during the 1970s, it has
clearly increased during the last 20 years. Due to the tax reform in 1990, implying that more income
sources was included in the tax base, there is discontinuityin the graph. Source: Gustafsson and Palmer
(2001)

1975 – 1982 period, inequality in disposable income decreased (Gustafsson and Palmer 1997;

Nelander and Goding 2004), while it increased during 1983 – 2000 (Gustafsson and Palmer

2001; Fritzell 2001; Jansson 2000).

More interesting for the theoretical analysis in this thesis is the changes in earnings, or

more specifically wage, inequality. According to Gustafsson and Palmer (1997, Figur 13.5) and

Nelander and Goding (2004, Diagram 6), there is no apparent trend in the Gini coefficient for

1980 – 1990 earnings inequality. This is also confirmed by inspecting the changes in earnings

of different decile groups (Gustafsson and Palmer 2001, Tabell 2). However, Hibbs and Lock-

ing (1996, 2000) find a significant increase in wage inequality for blue-collar workers after the

breakdown of the centralized wage setting process in Sweden. Prior to 1983, the wage set-

ting process for blue-collar workers was extremely centralized. In principle, every blue-collar

worker wage was covered by the negotiations between LO, an association consisting of several

unions, and SAF, the Swedish employer’s association. After1983, this arrangement was sig-

nificantly weakened. Hibbs and Locking (1996) document an increase in the wage dispersion

after 1983, illustrated in Figure 5.

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

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

(2001) presents estimates of the Gini coefficient for factorpayments (see Tabell 6). Over the

1991 – 1999 period the Gini coefficient increases by 10%, withthe major change occurring

during the deep recession starting in 1991. The same observation is found in Nelander and

Goding (2004) and is confirmed in Gustafsson and Palmer (2001)’s decomposition of the Gini

coefficient.

To summarize, there is ample evidence of a trend towards greater dispersion in the distri-

bution of earnings. It is not confined to a small set of countries, but appears to be present in

most industrialized countries. Naturally, scholars have been inspired to develop theories, trying

to explain this trend. Below these theories are briefly summarized and categorized.

3 Theoretical Explanations

This section provides a brief introduction to theories aimed at explaining wage inequality, and

in particular the changes in wage inequality during the lastdecades. A more formal survey is

provided by Acemoglu (2002). There are several proposed explanations to the increased in-

equality observed over the 1980 – 2000 period. The first explanation at hand for an economist
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would probably suggest that increased wage differences must be the result of supply and de-

mand shifts. However, the supply of high-skill workers shows a clearly increasing trend, see

Gottschalk (1997, p. 30) and Laitner (2000, p. 808). Hence supply and demand theory must

explain either a substantial demand shift in favor of high-skill workers, a substantial demand

shift working against low-skill workers, or both.

It is possible to identify at least three broad categories ofexplanations: skill biased techno-

logical change, increased trade with developing countries, and institutional change. The skill

bias technological change argument focuses on a demand shift increasing the demand for high-

skill workers, while the trade argument focuses on a demand shift decreasing the demand for

low-skill workers. The most commonly mentioned institutional changes are de-unionization

and the decreased real value of the minimum wage. In addition, there are quite a number of

more or less ad hoc explanations. It is, however, difficult tofind 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 populartheory is usually referred to asskill

biased technological change, proposing that the driving forces behind the changes in earnings

inequality are shifts in the supply and demand of workers with different observable and non-

observable skills and experience. According to those theories, the supply of high-skill and

experienced workers decelerated during the 1980 – 1990 period while the demand for skill and

experience increased, leading to a neat textbook supply anddemand explanation of the changes

in inequality.

Autor et al. (1998) test this hypothesis. The relative supply and relative wage of high-skill

workers are known for the 1940 – 1996 period. Hence, it is possible to compute the shift in

relative demand for high-skill workers that is necessary togenerate the observed changes in the

relative wage rate of high-skill workers.3 Autor et al. conclude that given a steady increase in

the relative demand for high-skill workers (i.e. a skill-biased technological change), the changes

in the supply of high-skill workers do fairly well in explaining the changes in the relative wage

of high-skill workers until the 1980s.

In the 1980s the steady increase in the relative demand for high-skill workers is not sufficient

to explain the surge in the relative wage of high-skill workers. This verifies the earlier results

of Katz and Murphy (1992). The question arises whether the 1980s marks the start of a new

3Autor et al. use a CES production function in high-skill and low-skill labor.
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era in which the skill bias is significantly higher than during the post World War II period. The

analysis by Autor et al. for the early 1990s casts some doubt on this interpretation, since

the relative demand for high-skill workers seems to have decelerated. Hence, it seems that the

drastic changes in the skill premium during the 1980s are likely to be explained by factors more

specific to the same period.

The key assumption in the more naive theories is that technological change is always skill-

biased. This reasoning can be traced back to Griliches (1969) who found that skilled labor

is more complementary to capital then unskilled labor. Galor and Moav (2000) motivate this

inherent bias in favor of high-skill workers in a theoretical model where high-skill labor has a

comparative advantage, relative to low-skill labor, in adapting to new technologies. While the

levelof technological progress is skill neutral, technologicalprogress is biased in favor of high-

skill labor. This claim is supported, i.e. not rejected, by the empirical analysis in Bartel and

Lichtenberg (1987) who show that plants with older machinesgenerally employ more low-skill

workers.

Krusell et al. (2000) present a model where technological improvements embodied in capital

equipment affect high-skill and low-skill workers differently. Further they distinguish capital

structures from capital equipment.4 Following (Griliches 1969), differences in complemen-

tarity to capital equipment between high-skill and low-skill workers imply that benefits from

increased accumulation and use of capital equipment in the production process are captured

mostly by high-skill workers. While the growth rate of capital structures has been low, the

growth rate of capital equipment started to increase around1975 (Krusell et al. 2000, p. 1031).

Hence, complementarity of high-skill workers with respectto capital equipment tended to, ce-

teris paribus, push the skill premium upwards during the period following 1975.

Even though Krusell et al. show that complementarity of high-skill workers and capital

equipment can explain a large part of the increased wage premium during the 1980s, it is some-

what of a black box explanation, since the complementarity itself is not explained. Acemoglu

(1998) and Kiley (1999) derive two different models where this complementarity is endoge-

nous. The key assumption is that technological change is notexogenously given, but is driven

by choices of profit maximizing agents.

In slightly more detail, Acemoglu assumes that unskilled and skilled workers use different

designs of new technologies. Hence, production of new technology must be directed against

either unskilled or skilled workers. The increasing supplyof skilled workers decreases their

4In Krusell et al. ’s Appendix, capital equipment includes computers and peripherals; communications; instru-
ments, photocopiers and other equipment; general industrial equipment; transportation; and others.
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wages by the usual supply and demand process. However, as themarket size for a new technol-

ogy designed for skilled workers grows, it becomes more profitable to invest in new technolo-

gies designed for skilled workers. The labor demand curve for skilled workers shifts outward,

tending to increase wage rates for skilled workers. A priori, either of the two effects can domi-

nate. Supposedly, during the 1970s the increased supply of high-skill workers depressed wages

due to the first effect, but during the 1980s the market size effect became dominant and the wage

premium increased and surpassed its early 1970s level.

In Caselli (1999) technological change is neutral but the workers face different costs using

the new technology. Technological change is skill biased ifthe cost of the new technology

implies that fewer workers find it optimal to invest in learning to use the new technology. The

technological change is de-skilling if more workers find it optimal to invest in learning the

new technology. Caselli argues that the increased use of computers and the development of

information technology is a skill-biased technological revolution. Inequality increases because

not all workers, i.e. not high cost workers, find it optimal toinvest in learning to use the new

technology.

It should be emphasized that Caselli ’s model can explain thedrop in wage rates of some

workers. New technologies are complementary to capital, and learning to use new technologies

implies a fixed learning cost. Because the market for capitalis competitive, the marginal product

of capital must be the same across workers. Since the marginal product of capital is diminishing,

the capital intensity must be higher for workers using the latest technology. This endogenous

difference in capital intensity can explain the absolute wage losses for some workers.

It is worth pointing out that both Acemoglu and Caselli depart from the idea that tech-

nological change is always skill biased. For example, Acemoglu refers to the industrialization

process where several factors contributed to increasing the supply of unskilled workers in the

cities. The large increase in unskilled workers made industrialized production profitable, where

skilled craftsmen were displaced by machines and unskilledlabor (Acemoglu 2002). Caselli

argues that the car industry was de-skilled as Henry Ford replaced skilled artisans with unskilled

workers.

It should also be noted that neutral technological change can generate non-symmetric out-

comes for high-skill and low-skill workers. Auerbach and Skott (2005) derive a static model

where low-skill workers can apply only for low-skill jobs but where high-skill workers can ap-

ply for both high-skill and low-skill jobs. High-skill workers prefer high-skill jobs, but apply

for low-skill jobs if they fail to find a high-skill job. Auerbach and Skott consider the effect of

anadversebutskill neutralproductivity shock. The demand for high-skill and low-skill workers
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decrease proportionally due to the adverse shock. However,the option for displaced high-skill

workers to find employment at low-skill jobs creates an additional setback for low-skill workers,

because the competition for low-skill jobs becomes more fierce.

Auerbach and Skott claim that the 1970s witnessed a productivity slowdown. Their analysis

shows that such an adverse skill neutral productivity shocknot only can explain the increase in

wage inequality among high-skill workers, but also replicate the changes in the skill-premium

both in the U.S. and in Germany, given reasonable parameter values.

Laitner (2000) proposes a simple model based on innate differences in the abilities of in-

dividuals, explaining some of the variations in the empirical data. Individuals endogenously

decide how much to invest in education, i.e. human capital. Indiviuals have different levels

of ability that monotonically map into different levels of human capital investments. Due to

the model’sunbiasedtechnological change, each subsequent generation can afford to invest in

more human capital. This implies that each level of ability maps into a higher level of education

in each subsequent generation. Therefore, in each subsequent generation, the average level of

ability decreases in each educational cohort. As a result, earnings in each educational cohort

grow more slowly than the economy’s average earnings (Laitner 2000, p. 818–819).

The model predicts that the most highly educated group’s wages will outgrow the least

educated group’s wages (Laitner 2000, p. 818–819) while thevariance of log earnings will be

constant (Laitner 2000, p. 818). Thereby, Laitner’s model can explain the growing difference

in high school dropout and college graduate earnings, but not the growing distance between the

right and left tail of the wage distribution.

The essay in Chapter I of this thesis, “Risk, Occupational Choice, and Inequality,” analyzes

a model where technology is biased towards high-skill workers in the short run. High-skill

workers have an advantage in developing and producing new inputs in the production process.

More rapid technological change implies that more high-skill workers are employed by research

firms where workers are paid a risk premium due to the uncertain return to new inputs.

Technological change is induced by an increase in the relative supply of high-skill workers,

which causes a decline in the wage rate for high-skill production workers. However, more high-

skill workers seek employment by research firms and earn a risk premium, 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 goods and production of goods early

in the product cycle, non standardized goods, is assumed to be high-skill labor intensive. Pro-
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duction of goods later in the product cycle, standardized goods, is assumed to be relatively more

low-skill labor intensive.

In Ranjan (2001), a higher rate of unbiased technological progress implies that more re-

sources are devoted to development of new goods. The skill-premium increases for two rea-

sons: (1) the development process is high-skill intensive,and (2), at every moment in time,

the number of non-standardized goods relative to the numberof standardized goods increases.

Therefore the relative demand for high-skill workers increases, and so does the skill premium.

Mendez (2002) introduces efficiency wages in a product life cycle model. Firms producing

non-standardized goods pay efficiency wages while firms producing standardized goods pay

competitive wages. This dual labor market setting generates wage inequality among workers

with identical characteristics that can be traced back to the different stages in the product’s life

cycle. Mendez also shows that the skill premium is related tothe product cycle by assuming

that non-standardized goods are more skill intensive.

The essay in Chapter II of this thesis, “Market Imperfections and Wage Inequality”, develops

a model lending support to the idea that a shorter product cycle is associated with a higher

skill premium. However the product cycle in Chapter II consists of a developing phase and

a production phase, where the former is high-skill intensive and the latter low-skill intensive.

While a shorter product cycle on the one hand decreases the expected profit from developing

a new good, it on the other hand decreases the number of competing goods on the market,

increasing the profitability of developing a new good. The latter effect dominates the former and

a shorter product cycle increases the demand for high-skillworkers, and thereby their relative

wage.

2 Trade and Inequality

A second set of proposed explanations falls under thetradecategory. During the 1960 – 1990

period, the U.S. manufacturing imports in relation to the U.S. GDP grew from 2.1 percent to 7.3

percent (Sachs and Shatz 1994). Increased imports from developing countries exporting goods

that are low-skill labor intensive lowers the prices such goods, thereby affecting the wage rate

of low-skill workers domestically (Wood 1995; Borjas and Ramey 1995; Aghion et al. 1999).

The trade argument in its most simple form hinges on the Stolper and Samuelson theorem

(Stolper and Samuelson 1941). To illustrate the implication of the theorem, suppose that two

countries with different factor endowments but similar technology agree on lowering the tariff

rates. The factor used most intensely in the export sector benefits relative to the factor used
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most extensively in the import sector, within each country.

Within this framework industrialized countries are supposed to be high-skill labor abundant

and to export high tech goods, while developing countries are low-skill labor abundant and

export low-tech goods. Low-skill workers in industrialized countries are therefore hurt by more

liberal trade polices.

A slightly different trade argument also exist where mainlyintermediate goods are traded

(Aghion et al. 1999). It is assumed that intermediates and low-skill labor are substitutes in pro-

ducing final goods. Hence, increased trade and import of cheap raw materials and intermediate

goods tend to push the wages for low-skill workers downward.This theory is complementary to

the theory proposed in Krusell et al., mentioned above, where high-skill workers complement

capital equipment to a larger degree than low-skill workersdo. Increased trade in intermediate

goods combined with increased use of capital equipment bothweaken the position of low-skill

workers on the labor market.

Borjas and Ramey (1995) emphasize the importance of increased imports of durable goods.

According to Borjas and Ramey, durable goods producers earnrents, pay higher wages con-

ditioned on observable characteristics, and employ mainlyunskilled labor. Hence, increased

imports of durable goods hurts unskilled workers in two ways: First, increased competition

decreases profits and hence wages, directly affecting wagesof unskilled workers. Second, if

foreign competition reduces employment in the durable goods sector, less low-skill workers

find high wage employment, reducing the number of unskilled workers earning wages above

their marginal productivity (Borjas and Ramey 1995, p. 1079-1080).

The link between outsourcing and globalization are investigated in among others Helpman

(1984) and Feenstra and Hanson (1999). Outsourcing of low skill intensive activities obviously

hurts low-skill workers in industrialized countries. The analysis in Chapter III of this thesis,

“Firm Fragmentation and the Skill Premium,” shows that a general trend towards outsourcing

or contracting out domestically also benefits high-skill workers relative to low-skill workers.

The idea is that with more outsourcing or contracting out, firms become more specialized, and

thereby more homogenous with respect to employee skill levels. With more specialized firms,

high-skill and low-skill workers are sorted into differentfirms and low-skill workers cannot

make up for their inferior productivity in wage negotiations with high-skill workers.

Trade Induced Technological Change Wood (1998, p. 1466) puts forward the idea ofde-

fensive innovations. By defensive innovations, Wood proposes that industries characterized by

low-skill intensive production, facing increased competition by low-skill intensive imports, de-
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velop new low-skill labor saving technologies in order to compete, thereby further eroding the

labor market position for low-skill workers.

Wood’s defensive invitation hypothesis is formalized by Neary (2002). In Neary’s analy-

sis, incumbent firms respond to entry threats by strategic investments which lower the variable

production cost, thereby keeping potential entrants outside the market. Assuming that the in-

vestment increases demand for high-skill workers and that the reduction in variable costs de-

creases the demand for low-skill workers, it is easy to see that defensive innovations are likely

to increase the skill-premium.

Several scholars note that globalization increases marketsize. In the paper by Dinopou-

los and Segerström (1999) lower tariff rates motivate more development, via higher tempo-

rary Schumpeterian profits. Since development is high-skill labor intensive, high-skill workers

benefit, relative to low-skill workers. In Ekholm and Midelfart (2005), entering firms choose

technologies characterized by a higher fixed to variable cost ratio as the market size increases.

Supposedly fixed costs are paid to high-skill workers thereby connecting market size and tech-

nology choice with the skill premium.

One of the main criticisms of the trade theory is that the prices of high-skill goods have not

increased relative to low-skill goods, as predicted by the Stolper-Samuelson theorem. In the

paper by Acemoglu (2003b), lower barriers to trade increasethe price of skill intensive goods

which in turn spurs research directed towards reducing the cost of producing high-skill goods,

which in turn creates a feedback, tending to lower the price of high-skill goods.

Thoenig and Verdier (2003) elaborate on the market size ideaby assuming that innovations

can be skill neutral or skill biased. While skill biased innovations are less cost reducing, the

duration of the monopoly from the innovation is longer. In smaller economies, prior to trade,

the benefits from cost reduction outweight the benefits from longer spells of monopoly profits,

while in larger economies, ex post trade, the benefits from longer monopoly spells outweight

the benefits from cost reduction. Therefore, lowering the barriers to trade induces skill-biased

technological change, thereby increasing the skill premium.

In the paper by Andersen (2005), a range of goods are produced. A country exports and

imports goods according to its comparative advantages. Lower trading costs, i.e. globalization,

polarizes the economy. On the one hand, foreign producers competing with domestic exporters

are sheltered by trade costs. As trade costs diminish, the profit rates for exporting firms increase,

and thereby also the wage rates in the export sector in the domestic country. On the other hand,

domestic producers not exporting but competing with foreign firms on the domestic market face

stiffer competition, and profit and wage rates therefore deteriorate. In addition, Andersen shows
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that the number of goods produced in more than one country decreases due to lower trading

costs, consequently decreasing the scope for unions to extract rents. While some workers are

hurt by lower trading costs they are welfare enhancing and most workers benefit them.

The connection between market size and profitability of research resembles the analysis

in the essay “Market Imperfections and Wage Inequality”, inChapter II of this thesis, where

instead of market size, more market power creates incentives for more development of new

goods. In both cases research and development is high-skillintensive and greater a incentive

for research and development benefits high-skill workers.

3 Institutions and Inequality

The third category of explanations focuses oninstitutional changes. Several studies point out

the importance of institutions in explaining cross-country differences in wage inequality.5 The

degree of centralization in the wage setting process appears to be of significant importance

(Blau and Kahn 1996; Wallerstein 1999). If so, it seems that institutional changes during the

1980s cannot be overlooked as explanations of changes in wage inequality.

The two most common factors discussed are minimum wage legislation and union member-

ship rates. During the 1980 – 1990 period the real value of theU.S. minimum wage eroded, and

interestingly the change in the minimum wage coincides withthe change in inequality. Falling

union membership rates is another potential explanation, since union membership is positively

correlated with wages (Freeman 1982). A third category within the institutional explanations

concerns deregulation and privatization (DiNardo et al. 1996; Fortin and Lemieux 1997; Di-

Nardo and Lemieux 1997).

On theoretical grounds it is a priori impossible to determine whether unions increase or de-

crease wage inequality. If unionized workers are paid a union premium, a wage rate discrepancy

is createdbetweenunionized and non-unionized workers. However, unions are also known to

decrease the variation of wagesamongunionized workers (Freeman 1980). The latter effect

always tends to decrease wage inequality, while the former tends to decrease wage inequality

only if the likelihood of unionization is greater among low pay workers.

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

5Gottschalk and Joyce (1999) is an exception. They point out that countries that have experienced smaller
changes in overall inequality often have changes in the education or skill premium or within group inequality that
offset each other, leaving overall inequality unchanged (Gottschalk and Joyce 1999, p. 497). Further changes
in the supply of different skill groups and age groups explain a large share of the difference of these offsetting
changes in inequality (Gottschalk and Joyce 1999, p. 497-498).
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ever, to what degree this union premium is due to a pure union effect or is the result of a selec-

tion bias where workers with some unobservable characteristic are more frequently unionized,

is still an open question, since it has been difficult to reconcile the results using cross section

and longitudinal estimation techniques (Robinson 1989).

Card (1998) concludes that changes in unionization patterns can explain 10 to 20 percent of

the changes in wage inequality in the U.S. during the first half of the 1980s because unionization

rates increased for higher paid workers, and decreased for lower paid workers. Because the

union premium did not change during the period, this increased the dispersion in wages.

Deregulation in the early 1980s is a potential factor in explaining changes in inequality.

Rose (1987) provides evidence that unionized workers in theregulated trucking industry earn

an above average union premium in the U.S. Both Rose and Hirsch (1988) conclude that deregu-

lation decreased rents in the trucking industry and therebyreduced the rents and wages captured

by unionized workers.

Studies have pointed out the strong correlation between changes in the real value of the

minimum wage and the wage dispersion among low paid workers,both in the U.S. (Lee 1999)

and Great Britain (Machin and Manning 1994). The minimum wage can effect the wage distri-

bution in different ways. If different workers are perfect substitutes, workers with insufficient

productivity become unemployed. However, if different workers are perfect complements, the

employer has no choice but to increase the wage rate for thoseworkers paid wages below the

minimum wage. In both cases the variation in wages must decrease. Also, changing the mini-

mum wage might have spill-over effects on the wages of higherpaid workers (Grossman 1983;

Teulings 2000).

If a higher minimum wage decreases the variation in wages by increasing the unemployment

rate, the problem faced by low pay workers is not solved. Instead poor employed workers

become poor unemployed workers. However several studies inthe U.S. have refuted the severe

negative employment effects predicted by Stigler (1946), instead finding that the employment

effects of the minimum wage are very small, see Katz and Krueger (1992); Card (1992); Card

and Krueger (1994). The findings of Machin and Manning (1994)confirm these results for

Great Britain .

In addition, Acemoglu (2003a) shows that it is possible thata higher minimum wage not

only increases the wage of the lowest paid worker but also increases the productivity of low-skill

workers. In Acemoglu’s equilibrium unemployment model, a higher minimum wage decreases

the rents captured by firms, but investing in new technology directed towards unskilled workers

makes firms the residual claimant of productivity gains. As aresult, minimum wages create
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incentives for a higher rate of biased technology change, directed towardsunskilledworkers.

However, the decreased wage inequality is not without cost.There is indeed some extra unem-

ployment associated with a higher minimum wage.

It seems that for men, de-unionization and to some lesser extent the decreasing value of the

minimum wage are important factors in explaining increasing male wage inequality (DiNardo

et al. 1996; Fortin and Lemieux 1997; DiNardo and Lemieux 1997; Card 1998). For U.S.

women the unionization rate was fairly stable during 1980s (Card 1998), and the falling real

value of the minimum wage stands out as the primary institutional 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 documented,6 (Katz and Summers 1989;

Abowd and Lemieux 1993; Arai and Heyman 2001; Blanchflower etal. 1996). If rents affect

the wage level, then it is reasonable to assume that the distribution of rents also affects the

distribution of wages.

As mentioned above, Borjas and Ramey (1995) combine the bargaining idea with the trade

argument. Abraham and Taylor (1996) briefly discuss the possibility that within larger and more

heterogenous firms, equity motives play an important role inthe wage determination process.

Abraham and Taylor relate quite closely to the analysis in the essay“Firm Fragmentation and

the Skill Premium” in Chapter III of this thesis, but they do not discuss how and by what

mechanisms these equity considerations work.

Machin and Manning (1997) and Acemoglu (1999) present the hypothesis that increasing

the supply of high-skill workers can increase the wage rate of high-skill workers by a change

in the composition of jobs. The argument is straightforward. The optimal amount and or type

of capital complementing high-skill and low-skill workersdiffer. It is assumed that firms are

required to make investments in capital before they start searching for workers. Given an in-

crease in the supply of high-skill workers, the probabilityof matching a high-skill vacancy with

a high-skill worker increases. If the supply of high-skill workers is small, all firms make the

same investment, optimal for low-skill workers.

6By noting that the wage-industry correlation in Sweden is much lower than in the U.S, using data from 1984,
Edin and Zetterberg (1992) draw the conclusion that centralized wage bargaining decreases the impact of rents
on wages. Using matched employer-employee data from 1991-1995, Arai and Heyman (2001) find evidence for
rent sharing in Sweden. This shift in the importance of rentsis intuitive, 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 probability of matching a vacancy with a

high-skill worker increase. If the supply of high-skill workers is large enough, some firms open

vacancies for low-skill workers and some firms open vacancies for high-skill workers. This

increases the productivity and hence the wage rate for high-skill workers.

Acemoglu et al. (2001) focus on the distribution of rents. They propose a model where high-

skill and low-skill workers bargain over rents. Further, Acemoglu et al. assume that skill biased

technological change increases high-skill workers gains from switching to specialized firms.

This increases the outside option for high-skill workers, and also decreases the possibility for

low-skill workers to specify redistributive wage contracts, leading to a lower unionization rate.

Hence, the drop in unionization rates does not explain the increased skill-premium. Instead,

both the increase in the skill premiumand the drop in unionization rates are a consequence of

skill biased technological change.

Rosén and Wasmer (2002) develop an unemployment equilibrium model where an increased

supply of high-skill workers increases wage differentials. Since wages are set by Nash-bargaining,

the firm’s outside option is an important factor for the outcome. As the supply of high-skill

workers increases, the firm’s outside option increases, dueto the increased value of a vacancy.

Since the wage is proportional to output minus the firm’s outside option, increases in the firm’s

outside option hurt unskilled workers relatively more thanhigh-skill workers, and the skill pre-

mium increases.

Rosén and Wasmer obtain another appealing result by introducing firing costs into the

model. Firing costs work in the opposite direction of the firm’s outside option, i.e. the wage

is proportional to the total output minus the firm’s outside option plus the firing cost. Hence,

with large firing costs, wage inequality decreases as the supply of high-skill workers increases.

Countries in Europe are generally considered to have higherfiring costs then the U.S., and

Rosén and Wasmer’s model indicates that differences in firing costs contribute to the milder

changes in inequality in most European countries.

The models just mentioned above are based on non-competitive wage rates derived from

bargains, usually between workers and firm owners. The “FirmFragmentation and the Skill

Premium” essay in Chapter III of this thesis moves the focus to wage bargains between high-

skill and low-skill workers due to shut down threats by firm owners. Low-skill workers can

partially make up for their relatively low marginal productivity by within-firm bargaining with

high-skill workers. Outsourcing and contracting out causehigh-skill and low-skill workers to

be sorted into different firms and as a result, the possibility for low-skill workers to make up for

low productivity via wage sharing bargains with high-skillworkers in the same firm diminishes.
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Consequently, fragmentation of production, even domestically, increases the skill premium.

4 Contributions

Several studies have exploited the relatively high skill intensity of research and development

to explain the increasing skill premium. Globalization hasincreased the demand for high-skill

workers because lower barriers to trade have increased market size and competition. Firms in

industrialized counties have responded either with defensive innovations or by increasing the

effort to develop new or improved goods, which in turn has increased the demand for and wage

level of high-skill workers.

The essay in Chapter I of this thesis, “Risk, Occupational Choice, and Inequality”, relates

to those explanations but exploits another property of research and development, namely its

inherent uncertainty regarding future profits. In economics individuals are in general, assumed

to be risk averse. This implies that if firms engaged in the risky activity of developing new

products share risk with their employees, they must pay employees a premium to take on risk.

Therefore, workers employed in the research/development sector are paid a risk premium rela-

tive to workers employed by firms producing an already existing good. Any exogenous change

that increases the expected profitability of developing newgoods will increase development

employment and the average wage rate of high-skill workers,since a larger number of those

workers are paid a risk premium.

In the analysis in Chapter I, increasing the supply of high-skill workers stimulates devel-

opment, thereby increasing the share of high-skill workersdoing development work. This has

two immediate implications: First, more high-skill workers earn a risk premium. It is there-

fore indeed possible that the skill premium increases as thesupply of high-skill workers in-

creases. Second, as more high-skill workers work in the development sector where profits are

uncertain, more high-skill workers earn a stochastic wage rate, and thereby the wage inequality

among high-skill workers increases. The essay in Chapter I proposes a novel theory unifying

the increase in the supply of high-skill workers with the increase in the skill premium and in-

creased wage inequality among high-skill workers, which has been observed during the last two

decades.

In Chapter II of this thesis, “Market Imperfections and WageInequality,” a continuous time

framework is developed to investigate the impact of variousmarket imperfections on the skill

premium. In this analysis, consumer preferences for variety provide the market power neces-

sary for development firms to cover the sunk costs associatedwith developing new variations of
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goods. While other studies have used similar models to analyze separately a more narrow set of

questions, this analysis simultaneously investigates theimpact of consumer preferences for vari-

ety (which provide firms with market power), shorter productcycles, development externalities

and capital market distortions on the skill premium. In addition, the model derives analytically

tractable steady state equilibrium results. It also offersthe possibility of easily adding more

sophisticated representations of consumer intertemporalchoices.

The analysis concludes that greater market power and shorter product cycles increase the

skill premium. The results for the effect of capital market distortions are ambiguous, but im-

proving heavily distorted capital markets, increases the skill premium. Further, the less rivalrous

and less excludable the development, the lower the skill premium, since every development firm

tries to free ride on every other development firm, which tends to decrease employment of high-

skill development workers.

Globalization, or more specificly increased trade, was early recognized as a candidate for

explaining the surge in wage inequality, and numerous models have been developed to for-

malize the arguments. Within this strand of the literature,papers concerning outsourcing to

low-wage countries, or more generally, the disintegrationof the production chain globally, are

numerous. The essay, “Firm Fragmentation and the Skill Premium,” in Chapter III of this thesis

complements those papers by considering specialization and fragmentation of domestic firms,

where the term fragmentation spans outsourcing as well as contracting out. The idea is sim-

ple. High-skill workers benefit from wages based on marginalproductivity, because high-skill

workers have a higher marginal productivity then low-skillworkers. Low-skill workers benefit

from wage bargaining where the outcome depend on several factors, and not only on marginal

productivity.

Demand faced by each firm’s good is stochastic. Firm owners occasionally threaten to shut

down the firm, and workers re-negotiate wages to motivate thefirm owner not to shut down the

firm. If the production process becomes more fragmented, a larger fraction of firms employ

only one type of worker, either high-skill or low-skill. This implies that even if the firm owner

threatens to shut down the firm, high-skill and low-skill workers do not bargain with each other

over wage rates. The possibility for low-skill workers to make up for low marginal productivity

by bargaining with high-skill workers vanishes. It is further shown that if firm owners have

limited ability to adjust employment due to long term wage contracts, yet have the opportunity

to shut down the firm, increased demand uncertainty increases the size of the firm, in the steady

state equilibrium.
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Essay I

Risk, Occupational Choice, and Inequality

1 Introduction

There is a growing consensus that over the last 25 years, the dispersion of income and wages

have increased in developed countries. The U.S. and the U.K experienced a larger dispersion

earlier then most other countries but later several other countries fell in line. Those changes are

well documented by among others Förster and Pearson (2002).The dispersion of wages can be

decomposed into dispersion among individuals with similarcharacteristics (residual wage in-

equality) and dispersion between individuals with different characteristics, such as for example

skill, experience or gender.

In order to briefly exemplify the changes, consider the changes in the U.S. during the period

1973 to 1989. The wage rate for the 10 percent at the top of the wage distribution increased

by approximately 20%, greatly surpassing the growth rate ofwages at the median, which was

approximately 5%. Even more strikingly, the wage rate for the poorest 10%decreasedby about

25% during the same period (Juhn et al. 1993). Those divergent trends for the wage rates of

the lowest paid and the highest paid workers are likely to have a profound impact on income.

This is confirmed by Gottschalk, reporting that the real income ratio between the 80th and 20th

percentiles in the distribution shows a clear upward trend in the period 1968 to 1992 (Gottschalk

1997, p. 23).

This paper focuses on two components of inequality. On the one hand, the distribution of

wagesbetweenindividuals with different skill levels. On the other hand,the distribution of

wagesamonghigh-skill workers.

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

I.1
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increased. Gottschalk’s annual (log) wage regressions, including a dummy variable for college

graduates shows a decreasing trend during the first part of the period, 1970 – 1980, and there

after an increasing trend during the 1980s (Gottschalk 1997). However, as the difference in

wagesbetweencollege graduates and high school graduates increased, wage dispersionamong

both groups’ members also widened. There is a very small fraction at the bottom of the wage

distribution of college graduates that experienced decreased real wages whereas college gradu-

ates at the top of the distribution gained more then 20 percent in real terms (Juhn et al. 1993, p.

422, fig. 6).

1.1 Contribution

The central idea in this paper is that workers can make an active choice concerning risk ex-

posure. Exposing oneself to more risk in the model is considered a substitute for decreased

wage earnings. Endogenous choices of occupation, i.e. whether or not to expose oneself to risk,

changes the economy’s distribution of wages. Workers characterized by relative risk aversion

would never substitute lower earnings for increased risk unless paid a risk premium. Hence

there must exist a sector in the economy to which workers can switch and which is character-

ized by higher but more uncertain returns. The research sector is assumed to be such a sector in

this paper.

By this approach, this paper draws heavily on the literatureon entrepreneurship, which can

be traced back to the writings of Knight (1921). Knight’s ideas have been formalized, at least

partially, by Kanbur (1979) and Kihlstrom and Laffont (1979). A fundamental property of

those models is that entrepreneurs bear risk. Workers choseto become entrepreneurs only if

theexpectedutility of being an entrepreneur exceeds thecertainutility of ordinary work with a

certain wage rate. The difference in this paper is that entrepreneurs are high-skill workers that

form co-operatives, and hence do not employ workers.

A second strand of literature which this paper relies on is the endogenous growth models

where growth is driven by development of new intermediate goods. This idea is formalized

by Romer (1990). The model presented in this paper augments Romer’s model by introducing

stochastic development of new intermediate goods.

The model postulates to two main characteristics of research activity. First, it is assumed

that only high-skill workers can work in the research sector. This is a crude enforcement of the

assumption that research is human capital intensive (Barroand Xavier 1995, p. 179) and hence

high-skill workers have an advantage over low-skill workers.
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Second, research is stochastic. Researchers directly faceuncertainty concerning the prod-

ucts ex post productivity or ex post capacity to generate utility and therefore its value. It is

common to model firms as risk neutral. Risk neutral firms maximize expected profits and,

hence, Pareto optimality implies that risk averse agents negotiate wage contracts with no uncer-

tainty. This paper models research firms as co-operatives. The members share the revenues and

the firm’s decisions are determined by the representative member, trying to maximize his or her

utility.

The choice to model research firms as co-operatives is not to be taken literally. Co-operatives

are used in order to keep the analysis simple and emphasis research firms’ need to share risk

with their employees. Risk sharing between firms and employees can take on several shapes

ranging from for example flexible working hour arrangementsto profit bonuses and options

programs where employees are offered stock shares.

The model abstracts from all kinds of risk sharing by financial markets. Not allowing any

insurance possibilities via financial markets unrealisticbut this assumption is made to simplify

the model. The key assumption is that firms and workers can benefit from risk sharing. It is

however to important to recognize that precluding risk-sharing can have strong implications.

As is shown by Newman (1999), combining the standard theory of entrepreneurship (Kanbur

1979; Kihlstrom and Laffont 1979) with moral hazard considerations and some risk sharing

can reverse some of the standard results. Since the analysisis very similar to the standard

entrepreneur theory some caution should be applied.

Within the framework in this paper, increasing the supply ofhigh-skill workers shifts high-

skill workers into research co-operatives, paying a stochastic wage rate. On the one hand, more

high-skill workers earn a stochastic wage rate, increasingthe residual wage inequality among

high-skill workers. On the other hand more high-skill workers earn a risk premium, tending to

increase the average wage rate for high-skill workers. To summarize, the two main hypotheses

investigated in this paper are:

1. An increased supply of high-skill workersincreasesthe wage dispersionamonghigh-skill

workers.

2. An increased supply of high-skill workersincreasesthe wage dispersionbetweenhigh-

skill and low-skill workers.

The first hypothesis refers to the residual wage inequality for high-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 three broad categories generally used

to explain changes in the distribution, namely skill-biased technological change (Acemoglu

1998; Krusell et al. 2000), increased trade (Aghion et al. 1999; Borjas and Ramey 1995;

Wood 1995, 1998), or institutional change (DiNardo and Lemieux 1997; Fortin and Lemieux

1997).

The idea that an increased supply of high-skill workers canincreasethe skill premium is

not new. In Acemoglu (1998), and also Kiley (1999), an increased supply of high-skill workers

can increase the skill premium due to an increased market size for inventions,directed towards

high-skill workers, possibly increasing the skill premiumin the long run. Acemoglu’s paper is

remotely connected to this paper in the sense that the skill premium increases due to changes in

the research process.

In Machin and Manning (1997) and Acemoglu (1999), increasing the supply of high-skill

workers motivates firms to open vacancies taylored to high-skill workers, thereby increasing

the productivity of high-skill workers relative to low-skill workers. This in turn increases the

relative wage for high-skill workers.

In the paper by Rosén and Wasmer (2002), the skill premium is positively correlated with

the relative supply of high-skill workers due to the increased outside option of firms in their

wage negotiations. In Rosén and Wasmer’s paper wages are determined in Nash-bargains and

increases in firms’ outside option hurts low paid (i.e. low-skill) workers more then high-skill

workers, increasing the skill premium.

It is reasonable to assume that there is an asymmetry betweenhigh-skill and low-skill work-

ers. While high-skill workers can occupy low-skill jobs, low-skill workers cannot occupy high-

skill jobs. Auerbach and Skott (2005) investigate the impact of a skill neutral productivity

slow down given this asymmetry. As productivity decreases,more high-skill workers occupy

low-skill jobs and residual wage inequality of high-skill workers increases.

A somewhat similar argument is presented in Mendez (2002). For incentive reasons, work-

ers producing goods in the early stage of the product cycle are paid efficiency wages, while

workers in the later stage are paid competitive wages. This creates a wage gap between workers

in the early and late stage of the product cycle, and workers that fail to find work producing

products in the early stage earn a lower wage rate.

The paper is organized as follows. Section 2 describes the formal model. Section 3 sum-

marizes the results obtained. Section 4 concludes and summarizes the findings. Appendix I.A
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contains a full record of notation. The subsequent appendixcontain proofs and derivations.

2 Model

The model used to study the occupational choices of high-skill workers originates from Romer

(1990)’s endogenous growth model. Romer’s model is characterized by horizontal innovations,

that is new innovations do not replace innovations made earlier but complement them. A vertical

innovation process is modeled in, for example, Aghion and Howitt (1992). In their model

inventions lead to monopoly power, but by creative destruction, any new invention erodes the

previous monopolist’s profit, whereas in Romer’s model, monopoly profits last forever. This

paper simplifies Romer’s model by assuming that monopoly profits are eroded exogenously

after one period and leaving out the distinction between designs and intermediate goods.

Leaving out the distinction between intermediate goods anddesigns simplifies the presenta-

tion of the model by reducing the number of concepts but can also be confusing. It is important

to realize that already produced intermediate goods can notbe stored and used in the subsequent

period. Therefore, at the beginning of each period the number of intermediate goods ready to

be used in production is zero. However there exists a varietyof old intermediate goods that can

be produced, i.e. in Romer’s words, there exists a variety ofdesigns for intermediate goods.

Workers live for one period and consume their entire wage. They derive utility from con-

suming w units of the single consumption good. Preferences over consumption are described

by expected utility under the CRRA utility function:

u(w) =
w1−θ

1−θ
θ > 0.

At the expense of realism but for the benefit of simplicity allforms of non fully depreciating

capital are excluded from the model. However, the model includes capital that is fully used up

in the production process and therefore calledintermediate goods.

The economy’s total endowment of labor is normalized to unity. Workers can be divided

into two categories depending on the worker’s level of humancapital, high-skill workers and

low-skill workers. The fraction of high-skill workers is denotedφ, and hence 1− φ denotes

the fraction of low-skill workers. The fraction of the laborforce being considered high-skill is

taken to be exogenous. While in reality,φ is endogenous in this analysisφ is exogenous. This

is a reasonable assumption as long as the changes in the skillcomposition of the work force is

slow relative to other responses. This seems reasonable in the present context, since switching
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occupation can be done several times during a lifetime whilehuman investment in general are

made once at young age.

It will be assumed that high-skill workers can replace low-skill workers, but not the opposite.

This implies that high-skill workers never earn less than low-skill workers in equilibrium. If

wages for low-skill workers were higher than wages for high-skill workers, some high-skill

workers would switch to the low-skill occupation until bothgroups’ wages were equalized. It

will be assumed that there are enough low-skill workers, to ensure that wages of high-skill

workers are higher than wages of low-skill workers.

The sectors in the economy can be divided into two categoriesdepending on what they

produce. One of the sectors produce the single consumption good by employing high-skill

workers and purchasing a variety of fully depreciating intermediate goods. The other sector

produces the set of intermediate goods. While low-skill workers only have the possibility to

work in the intermediate goods sector, high-skill workers have the possibility to work in either

sector, either as a worker in the consumption good sector or as a member of a co-operative

in the intermediate goods sector. Co-operatives invent andproduce new intermediate goods.

A larger variety of intermediate goods increases the economy’s total output, i.e. generates

growth. Research co-operatives invent new intermediate goods and sell these to consumption

good producers. Therefore the number of intermediate goodsis endogenous. The gains from

inventing a new intermediate good arise due to the one periodmonopoly profit derived from

selling it to the producers of final goods. The share of high-skill workers doing research is

denotedµ.

Intermediate goods are categorized asold or new. A new intermediate good is considered as

an old intermediate good the subsequent period. Hence a research co-operative have monopoly

for one period. The number of old intermediate goods, denoted byko, is predetermined while the

number of new intermediate goods, denoted bykn, is endogenous. Old intermediate goods are

available at the beginning of the period and produced by low-skill labor while new intermediate

goods are invented and produced by high-skill workers in theresearch sector.Xo,i denotes the

quantity of theith old intermediate good andXn,i denotes the quantity of theith new intermediate

good.

Since high-skill workers can choose to work in the stochastic research sector and invent and

produce new intermediate goods, at the time of production the set of intermediate goods is ex-

tended by those newly invented intermediate goods, i.e.kn newly invented intermediated goods

can be used by consumption good producers. Hence, at the timeof production, consumption

good producers can combineko +kn different intermediate goods to produce the consumption
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Figure I.1: Choice Sequence

Final Good Producers
Choice of Sc

t0
High-Skill Workers

Choice of occupation

t1 > t0
Co-operatives Develop

Realization of the εis

Final Good Propducers
Choice of Xo,i and Xn,i

t2 > t1
Producers of Old Intermediates
Choice of Lo,i

The figure shows the sequence of choices, within a single period.

good.

2.1 The Consumption Good Sector

The model’s single consumption good is produced by combining high-skill labor, and inter-

mediate goods. Hence each firm producing the consumption good must decide upon hiring a

certainquantityof high-skill labor, denotedSc, and purchase a certainquantityof each available

intermediate good, i.e. chose values for all members of the setX = {Xo,i | i = 1,2, ...,ko}∪{Xn,i |
i = 1,2, ...,kn}. The production function obeys to the standard properties,such as diminishing

marginal productivity in each input and constant returns toscale. These properties eliminate

profits in the consumption good sector. The old intermediategoodi’s productivity is measured

by γi and the new intermediate goodi’s productivity is measured byεi. Formally the technology

is described by:

Y = Sα
c

[

ko

∑
i=1

γiX
1−α
o,i +

kn

∑
i=1

εiX
1−α
n,i

]

α ∈ (0,1). (I.1)

The constant returns to scale property and perfect competition implies that firms in the con-

sumption good sector can be modeled as a single price taking firm. In what follows, letPo,i

denote the price of theith old intermediate good, letPn,i denote the price of theith new interme-

diate good, and letwc denote the wage rate for high-skill workers employed in the consumption

good sector. Competitive behavior implies that prices of intermediate 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 different agents. The order in which

choices are made is illustrated in Figure I.1. At the start ofevery period, high-skill workers

choose either to work for firms producing the final good or to start a co-operative and final good

producers choose the amount of high-skill workers,Sc, to employ.

Next, every co-operative develops a new intermediate good and its productivity is revealed,

i.e. the value ofεi is revealed. Finally, final good producers choose the quantity of every

intermediate input to use, and producers of old intermediate goods hire low-skill labor.

The objective function for the competitive final good producer is

π = Sα
c

[

ko

∑
i=1

γiX
1−α
o,i +

kn

∑
i=1

εiX
1−α
n,i

]

− wcSc−
ko

∑
i=1

Po,iXo,i −
kn

∑
i=1

Pn,iXn,i , (I.2)

where the price of the consumption good is normalized to unity. Profit maximizing behavior

yields the following inverse factor demand functions:

Po,i = (1−α)γi
Sα

c

Xα
o,i

(I.3a)

Pn,i = (1−α)εi
Sα

c

Xα
n,i

(I.3b)

wc =
αY
Sc

= αSα−1
c

[

ko

∑
i=1

γiX
1−α
o,i +

kn

∑
i=1

EεiX
1−α
n,i

]

. (I.3c)

To obtain those first order conditions, first maximize the objective function in (I.2), given the

realizations of everyγi andεi, with respect to everyXo,i and everyXn,i, takingSc as given. Those

first order conditions are the profit maximizing choices corresponding to nodet2 in Figure I.1,

for anychoice ofSc andanyrealization of the productivity variables, i.e. the differentε’s.

At the t0 node in Figure I.1, the price taking producer of the final goodmaximizes the

expected value of the objective function in (I.2), where every occurrence ofXo,i andXn,i have

been replaced, using the first order conditions in (I.3a) and(I.3b). This first order condition

implies a zero profit condition, but by, again, using the firstorder conditions in (I.3a) and (I.3b)

to eliminate everyPo,i andPn,i , the first order condition in (I.3c) is obtained. Those first order
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conditions define the cost minimizing mix of high-skill labor and intermediate goods. Since

the tecnology is characterized by constant returns to scaleand the firm act as a price taker, the

scale of production is not determined by the first order conditions but from a set of equilibrium

market clearing conditions.

The choice of technology ensures that high-skill workers inthe consumption good sector

share a constant fraction,α, of total output. The inverse demand functions are intuitive, a more

productive intermediate good,γ or ε large, increases the expenditure on the intermediate good.

2.2 The Intermediate Goods Sector

The knowledge necessary to produce old intermediate goods is freely available to all workers

and hence it is most appropriate to model the market for old intermediate goods as a perfectly

competitive market with zero profits. The knowledge necessary to produce new intermedi-

ate goods is only available for the workers that developed the new intermediate. Hence, a

co-operative that develops a new intermediate good becomesthe sole producer of that good.

Therefore the market for a new intermediate good is characterized by monopoly.

Old Intermediate Goods

Old intermediate goods are produced by low-skill labor. To keep the analysis simple it is as-

sumed that one unit of low-skill labor produces one unit of the intermediate good. Formally:

Xo,i = Lo,i . (I.4)

The linear technology and the competitive market implies that the size of the firm is indeter-

minate but the industry can be modeled as if there is a single competitive firm. Hence the

production of a specific old intermediate goodXo,i is modeled as such. The profit maximization

problem for a competitive firm producing an old intermediatei is:

max

Lo,i

Po,iLo,i −woLo,i . (I.5)

The price taking firm takesPo,i andwo as given but chooses the quantity of low-skill labor,Lo,i ,

to employ. The first order condition for this problem ensureszero profit, but does not, as noted
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above, pin down the number of employees in the firm. The first order/zero profit condition is:

wo = Po,i . (I.6)

In order to find the number of employees engaged in producing an old intermediate good i,

combine the zero profit equation (I.6) with the inverse demand function for old intermediates,

given by (I.3a). Total output and total employment in a industry producing the old intermediate

goodXo,i become:

Xo,i = Lo,i = Sc

[

(1−α)γi

wo

] 1
α

. (I.7)

Wages for low-skill workers must be equal across all firms producing intermediate goods

since there is no stickiness in the economy. Therefore, it isnot necessary to index the wage

rate for low-skill workers by the specific old intermediate good they produce. As seen by

(I.6), all old intermediate goods are sold at the same price,but more productive intermediate

goods are sold in larger quantities, see (I.7). Hence it is not necessary to index the price of old

intermediates. HenceforthPo will denote the price of any old intermediate good.

New Intermediate Goods

A co-operative producing a new intermediate good must spenda fixed amount,l, of labor units

in order to develop the new intermediate good. Ex ante, research co-operatives cannot perfectly

foresee the ex post productivity of the intermediate good they plan to develop. Hence there

is some uncertainty concerning future revenues. Formally the uncertainty is modeled by the

log-normal random variableεi. For shorter notation,σ2 will be used to denote the variance of

εi , i.e. var(εi). Hence:

lnεi ∼ N

(

ln
[

{Eε}2
]

− 1
2

ln
[

{Eε}2+σ2
]

, ln

[

1+
σ2

{Eε}2

])

. (I.8)

Besides being non-negative, the log-normal distribution is chosen because its mathematical

properties makes it easy to work with. The intuitive assumption that development requires

some high-skill labor,l > 0 introduces the fixed cost necessary to assure that co-operatives do

not produce an infinitely small output.

Once the new intermediate good is developed it takes one unitof high-skill labor to produce
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one unit of the new intermediate good. Formally the technology for research firms are:

Xn,i = Sn,i − l . (I.9)

It is assumed that research firms are managed as co-operatives where total revenue is dis-

tributed uniformly among its members. Since research firms hire only high-skill workers, and

all high-skill workers are identical, each member has the same objective. The objective of the

co-operative is described by the maximization of the expected utility of the representative mem-

ber. The co-operative’s revenue is the quantity produced times the price. The price is given by

the inverse demand function in (I.3b)

The maximization problem for the representative co-operative member is:

max

Sn,i,Pn,i ,Xn,i

Eu

[

Pn,i ×Xn,i

Sn,i

]

s.t. (I.3b) , (I.9). (I.10)

The first constraint, (I.3b), ensures that the research co-operative’s price-quantity combination

lies somewhere on the demand schedule of final good producers. The second constraint, (I.9),

ensures that the research firm uses the only feasible production technology. Solving problem

(I.10) defines the optimal co-operative size for research co-operatives,Sn,i, the optimal quantity

to produce,Xn,i , the monopoly price,Pn,i and the wage for the co-operative member,wn,i :

Sn,i =
l
α

(I.11a)

Xn,i =
1−α

α
× l (I.11b)

Pn,i = (1−α)1−α
[

αSc

l

]α
εi (I.11c)

wn,i(εi) = αα(1−α)2−α
[

Sc

l

]α
εi . (I.11d)

The derivations are shown in Appendix B.1. Note that the co-operative’s size,Sn,i , and quan-

tity produced,Xn,i is independent ofi. This is intuitive, all research firms are identical ex-ante.

Hence, the size of the co-operative, which is determined before the productivity of the new in-

termediate is realized, is equal across all research co-operatives. Further, since the co-operative
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members share the revenues all members are engaged in the production process, unconditioned

on the ex-post productivity,εi. Hence, the quantity produced is equal across all research co-

operatives. However, depending on the productivity, each co-operative sell their intermediate

good at a different price and hence earn idiosyncratic revenues.

2.3 Occupational Choice

Based on the assumption that research is a human capital intensive activity, the model precludes

low-skill workers to take any part in the economy’s researchprocess. High-skill workers, on the

other hand, have the opportunity to work in the consumption sector earning a certain wage or to

work in the research sector as a member of a research co-operative. A rational worker chooses

the occupation that yields the highest expected utility. Since all high-skill workers have identical

endowments and identical preferences all high-skill workers make the same occupational choice

unless they are indifferent between the two choices.

It is possible to have an equilibrium where all high-skill workers are employed in the con-

sumption good sector. With no research sector this model becomes a standard two sector model

and nothing new is added. Hence, it is assumed that if all high-skill workers are employed in

the consumption good sector the expected utility of forminga research co-operative will exceed

the expected utility of working in the consumption good sector, formally:

u(wc) <

Sc = φ

Eu[wn,i(εi)]

Sc = φ

. (I.12)

With this additional assumption it is possible to show that afeasible equilibrium requires that

the expected utility of working in either the research sector or in the consumption good sector

is equal. It is very important to note that this implies that every result derived later, must

by checked against this condition, or equivalently, that the share of high-skill workers doing

research, µ, is greater than zero.

If the share of high-skill workers doing research work, which is determined endogenously,

is solved for and turns out negative, i.e.µ < 0, then the utility of working in the consumption

good sector exceeds the expected utility working in the research sector.

If the expected utility of working in the consumption good sector exceeds the expected util-

ity of working in the research sector more high-skill workers choose to work in the consumption

good sector. This increasesSc, and given (I.3c) and (I.11d) decreases the wage rate in the con-
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sumption good sector but increases the expected wage in the research sector. HenceSc must

become larger as long as the expected utility of working in the consumption good sector ex-

ceeds the expected utility of working in the research sector. In equilibrium the expected utility

of working in the consumption good sector can not exceed the expected utility of working in

the research sector unless all high-skill workers are employed in the consumption good sector.

That scenario is discarded due to the assumption stated in (I.12).

If the expected utility of working in the research sector exceeds the expected utility of work-

ing in the consumption good sector all high-skill worker will choose to work in the research

sector. To see why that is impossible in equilibrium see equations (I.3c) and (I.11d). If all

high-skill workers are employed in the research sectorSc equals zero. From (I.3c) it is clear that

the wage rate in the consumption good sector equals+∞ and from (I.11d) it is clear that the

expected income from research work equals zero. Hence the expected utility of research work

can not exceed the expected utility of working in the consumption good sector in equilibrium.

Hence, a feasible equilibrium requires that the utility of working in the consumption sector

equals the expected utility of working in the research sector, u(wc) = Eu(wn,i). Elaborating on

this condition, see Appendix B.2, implies the following equilibrium condition, from now on

calledthe high-skill arbitrage condition:

wc = αα(1−α)2−α
[

Sc

l

]α
[

Eε1−θ
i

] 1
1−θ

. (I.13)

2.4 Equilibrium

Table I.1 reviews the important equilibrium variables. Theendogenous variables of interest

are the income of low-skill workers, high-skill workers in the consumption sector, high-skill

workers in the research sector and the fraction of the high-skill workers that choose to become

researchers, denotedwo, wc, wn,i(εi) andµ respectively. In Appendix B.3 it is shown how to

derive expressions for those endogenous variables by combining full employment assumptions

and the high-skill arbitrage condition.

µ =

(1−α)
[

Eε1−θ
i

] 1
1−θ −

[ α
1−α
]1−α

[kol ]α (1−φ)1−α

φ

[

γ
1
α
i

]α

(1−α)
[

Eε1−θ
i

]
1

1−θ
+αEεi

(I.14a)
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Table I.1: Equilibrium Variables

Producing Wage Skill Level Employees/Members Fraction
Xo,i wo Low-Skill Lo,i (1−φ)
Y wc High-Skill Sc φ(1−µ)
Xn,i wn,i(εi) High-Skill Sn,i φµ

wo = (1−α)

[

φ(1−µ)

1−φ

]α[

γ
1
α
i

]α
kα

o (I.14b)

wc = αα(1−α)2−α
[

φ(1−µ)

l

]α
[

Eε1−θ
i

] 1
1−θ

(I.14c)

wn,i(εi) = αα(1−α)2−α
[

φ(1−µ)

l

]α
εi. (I.14d)

Properties ofµ

Equation (I.14a) gives an expression for the fraction of thehigh-skill workers in the research

sector. Hence this expression is constrained to be greater than zero but less than one. Since

the denominator is greater then the numeratorµ can never exceed one. It is, however, quite

possible thatµ falls below zero. This is likely to happen if the variety of old intermediate goods

possible to produce in the period is large, i.e.ko large. A large variety of old intermediate goods

depresses the profitability of research co-operatives producing new intermediate goods.

At a corner, solution, i.e.µ constrained to zero, both hypotheses investigated in this paper

can be rejected. It is immediately clear that an increase in the fraction of high-skill workers

in the economy,φ greater, increases the fraction high-skill workers that choose to work in the

research sector. Figure I.2 plotsµ, the fraction high-skill workers that choose to work in the

research sector.

Figure I.2 verifies that asφ increases, the fraction of high-skill workers that choose to work

in the research sector increases. More old intermediate goods tend to decrease the fraction of

high-skill workers choosing to work in the research sector,by depressing the profitability of

new intermediate goods. Also, Figure I.2 is important because for the given parameter values it

shows thatµ is positive, thereby verifying the assumption in (I.12).
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Figure I.2: Share of High-Skill Workers in Research Sector
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The figure shows the fraction of high-skill workers employedby research co-operatives, for different
combinations of the relative supply of high-skill workers,φ, and the number of old intermediate goods,
ko. For every combination ofφ andko, µ> 0.

Properties ofwo

Equation (I.14b), describing the wage rate of low-skill workers, have some interesting proper-

ties. Increasing the fraction of high-skill workers,φ, has several effects. The term,
(

φ(1−µ)
1−φ

)α
,

captures the supply and demand effects. Note that since morehigh-skill workers choose to

work in the research sector the effect is hampered, asφ increases, 1−µ decreases. The term

ko measures the higher productivity gains from more intermediate goods, obtained by low-skill

workers.

In a static setting, low-skill workers do not benefit from a larger variety of intermediate

goods due to more research, i.e.kn higher. However, in the long run, old intermediate goods

must be the result of new intermediate goods developed in earlier periods. Hence, in the long

run both high-skill and low-skill workers benefit from a larger variety of intermediate goods.
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Properties ofwc and wn,i

Together equations (I.14c) and (I.14d) show that on averageEwn,i is proportional towc, that is:

wc

Ewn,i(εi)
=

[

Eε1−θ
i

] 1
1−θ

Eεi
. (I.15)

Hence the wage levels for high-skill workers in the consumption sector and high-skill work-

ers in the research sector move together and the log differential is determined solely by the

relative risk aversion,θ, and the mean and variance of the log-normal distribution,Eε and

σ2. As in the case ofwo, wc andwn,i are affected by supply and demand effects, via the term

(φ(1−µ))α. However, wages in the consumption sector are only indirectly dependent on the

supply of low-skill workers, viaµ.

3 Results

The following section makes use of the previously defined andsolved model to draw conclu-

sions about wage differences in the growth economy. Recall that the paper’s two hypotheses

are:

1. Increasing the supply of high-skill workersincreasesthe wage dispersionamonghigh-

skill workers

2. Increasing the supply of high-skill workersincreasesthe wage dispersionbetweenhigh-

skill workers and low-skill workers

3.1 High-Skill Workers Wage Distribution

Defining the income dispersion among high-skill workers, i.e. residual wage inequality for

high-skill workers, as the ratio of expected wage rate for workers in the research sector to

the certain wage rate of workers in the consumption sector implies a measure of inequality

which, for this model, is independent of the relative supplyof high-skill workers. This claim is

easily verified by the equilibrium relation betweenwc andEwn,i , given by (I.14c) and (I.14d).

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

magnitude depends only on the properties ofEεi/
[

Eε1−θ
i

] 1
1−θ

.
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Table I.2: Distribution ofWS

Realization,wS, of WS Probability/Share
wS < wc µP

(

wn,i(εi) < wS
)

wS≥ wc (1−µ)+µ
[

1−P
(

wn,i(εi) < wS
)]

Inspecting the expressionEwn,i
wc

= Eεi

[Eε1−θ
i ]

1
1−θ

more closely, see Appendix B.2, confirms some

standard economic results concerning the risk premium:

∂
∂θ

Ewn,i

wc
=



ln

√

{Eε}2+σ2

Eε





Eε
[

Eε1−θ
i

]
1

1−θ
> 0 (I.16a)

∂
∂σ

Ewn,i

wc
= θσ

[

{Eε}2+σ2
] θ

2−1

Eεθ > 0 (I.16b)

∂
∂Eε

Ewn,i

wc
= −θσ2{Eε}−(1+θ)

(

{Eε}2+σ2
) θ−2

2
< 0. (I.16c)

Income inequality among high-skill workers increases withstronger relative risk aversion,

(I.16a), and more uncertain returns to research, (I.16b). All else equal, increasing the expected

productivity of a new intermediate good invented by a co-operative makes research more prof-

itable, which tends to increase inequality. However, at thesame time, in equilibrium, the higher

profitability in research firms implies that more high-skillworkers choose to work in the re-

search sector. An increasing number of workers in the research sector decreases the number of

high-skill workers in the consumption good sector, increasing wages in the consumption good

sector. Hence in equilibrium an increase in the expected productivity of new intermediate goods

have two counteracting effects. As (I.16c) shows, the net effect is decreased inequality.

The independence between the income dispersionamonghigh-skill workers and the relative

supply of high-skill workers is fragile. Measuring inequality among high-skill workers by the

variance wages for all high-skill workers shows that inequality can increase or decrease with

an increased relative supply of high-skill workers. LetWS denote the wage rate of a high-skill

worker unconditionalon being employed in the consumption good sector or in the research

sector. Formally the distribution ofWS is summarized in Table I.2. The variance ofWS can be
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decomposed as:

var
(

WS
)

= (1−µ)σ2
c +µσ2

n +µ(1−µ)(Ewn,i(εi)−Ewc)
2 . (I.17)

Equation (I.17) decomposes the variance ofall high-skill workers into three parts, variance

amongworkers in the consumption good sector,σ2
c, varianceamongworkers in the research

sector,σ2
n, and lastly the part of total variance due to the wage differential betweenconsump-

tion good workers and research workers,(Ewn,i(εi)−Ewc)
2. High-skill workers producing the

consumption good are paid non-stochastic wages, thereforeEwc = wc andσ2
c = 0. Increasing

the proportion of high-skill workers has several implications for the overall variance. First,

from the second term of (I.17) more high-skill workers earn astochastic income,dµ/dφ > 0,

increasing the overall variance. Second, the weight of the third term,µ(1−µ) changes. The

weight of the this term is maximized forµ = 1/2 so it can increase or decrease depending on

the number of high-skill workers that already choose to do research work.

Apart from changing the weights in (I.17), increasing the supply of high-skill workers also

changes the variance among research workers,σ2
n, and the wage difference between research

and consumption workers,Ewn,i(εi) − wc. Since the expression forwn,i(εi) is multiplicative

separable and the sign ofdwn,i(εi)/dφ is ambiguous,σ2
n can either increase or decrease due to

increases inφ. The same is true for the wage difference between high-skillworkers working

with research and high-skill workers employed by final good producers. Hence, increasing

the share of high-skill workers,φ, can either increase or decrease the variance of all high-skill

workers’ wages.

To avoid this ambiguity and simplify the decomposition of total variance for high-skill work-

ers it is useful to investigate the distribution of lnWS. This also brings the analysis closer to the

empirical literature concerning wage inequality which concentrates on the distribution of the

natural logarithm of wages. Letσ̂2
n denote the variance of the natural logarithm of wages in the

research sector, i.e. var{ln [wn,i(εi)]}. The expression decomposing total variance becomes:

var
(

lnWS
)

= µσ̂2
n+µ(1−µ) [E ln(wn,i(εi))− ln(wc)]

2 . (I.18)

The multiplicative separability of the wage expressions turns into additive separability for

the natural logarithm of the wage expressions. This in turn implies that:

dσ̂2
n

dφ
= 0 ,

d [E ln(wn,i(εi))−E ln(wc)]

dφ
= 0.
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Hence the effect of changes in the supply of high-skill workers, φ, on the variance of the dis-

tribution of the natural logarithm of wages for all high-skill workers operates only via changes

in the fraction,µ, of high-skill workers choosing to work in the research sector. Proposition I.1

summarizes how the variance of high-skill wages changes with the 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 distribution of lnWS is

var
(

lnWS
)

= µln

(

1+
σ2

{Eε}2

)

+µ(1−µ)(1−θ)2



ln
Eε

√

{Eε}2+σ2





2

(I.19a)

and its derivative with respect toφ is:

dvar
(

lnWS
)

dφ
=






ln

(

1+
σ2

{Eε}2

)

+(1−2µ)(1−θ)2



ln
Eε

√

{Eε}2 +σ2





2






× dµ
dφ

. (I.19b)

Hence for sufficient low shares of researchers among high-skill workers,µ< 1/2, an increased

supply of high-skill workers increases wage dispersion among high-skill workers. For larger

shares of researchers among high-skill workers,µ> 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 workersdoing research always in-

creases residual wage inequality, due to the fact that more high-skill workers earn a stochastic

wage rate. On the other hand, the discrepancy between the expected research wage and the

certain wage rate paid to workers employed by final good producers, i.e. the risk premium, also

increases residual wage inequality. However, the latter contribution is maximized as number of

workers in the research sector and the number of workers employed by final good producers are

equalized. Therefore this latter effect can increase or decrease the residual wage inequality as

the number of research workers increases.

By inspecting the expression forµ, given by (I.14a), it is immediately clear thatµ is more

likely to be less then 1/2 if the number of old intermediate goods,ko, is large, the time necessary

to develop a new intermediate good,l , is large, or the fraction of high-skill workers,φ, is small.
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Figure I.3: Residual Wage Inequality for High-Skill Workers

α = 0.5,Eε = 1.0, l = 3.6×10−6,σ = 1.0,θ = 2.0,

[

γ
1
α
i

]α

=
√

2

var lnWS(φ,ko)

0.25
0.3

0.35
0.4

0.45

φ

560580600620640660680700
ko

0
0.02
0.04
0.06
0.08
0.1

0.12
0.14
0.16

var(lnWs)

The figure graphs the variance of wages, for high-skill workers, given different combinations of the
relative supply of high-skill labor,φ, and the number of old intermediate goods,ko.

Note that a low fraction of high-skill workers,φ, is associated with a low fraction of high-

skill workers choosing to work in the research sector,µ. Hence, economies starting with a low

fraction of high-skill workers, but increasing the fraction, are likely to experience increased

wage inequality for high-skill workers.

Figure I.3 plots the residual wage inequality, as defined in Proposition I.1 for the same

parameters values as in Figure I.2. As is clear from the latter figure, µ is less then 1/2 and

consequently, the residual wage inequality for high-skillworkers increases with the relative

supply of high-skil workers.

3.2 The Skill Premium

Let τ denote the ratio of high-skill workers’ expected wage rate and low-skill workers’ wage

rate, that isτ = EWS

wo
. After some algebraic manipulations, see Appendix B.5, theexpression for
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τ turns out to be:

τ =
α

1−α
× 1−φ

φ
×

(1−µ)
[

Eε1−θ
i

]
1

1−θ
+µEεi

(1−µ)
[

Eε1−θ
i

] 1
1−θ − α

1−αµEεi

. (I.20)

The following lemma is useful for comparing the impact of augmenting a standard equilib-

rium model with a stochastic research sector, the proof is given in Appendix B.6.

Lemma I.1 The expression
α

1−α
× 1−φ

φ
.

describes the wage dispersion between high-skill workers and low-skill workers if there is no

research sector.

To investigate the second hypothesis, that an increased supply of high-skill workers in-

creases wage dispersion between high-skill workers and low-skill workers, it is necessary to

investigate howτ changes withφ. That is, it is necessary to find the derivative ofτ with respect

to φ. Proposition I.2 summarizes the results on wage dispersionbetween high-skill and low-skill

workers. The proof is found in Appendix B.7.

Proposition I.2 (The Skill Premium) Define the skill-premium as the ratio of high-skill work-

ers’ expected wage rate to low-skill workers’ wage rate, then in equilibrium:

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

the research sector.

2. Increased supply of high-skill workers, relative to the supply of low-skill workers, in-

creases the skill-premium if and only if:

[

α
lko

]α
×
[

1−α
1−φ

]1−α
×

Eεi

[

Eε1−θ
i

]
1

1−θ

[

γ
1
α
i

]α(

Eεi −
[

Eε1−θ
i

] 1
1−θ
)
×φ2 < 1 (I.21a)

and

(1−α)
[

Eε1−θ
i

]
1

1−θ −
[

α
1−α

]1−α
[kol ]α

(1−φ)1−α

φ

[

γ
1
α
i

]α
≥ 0. (I.21b)
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Figure I.4: Skill Premium
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The figure illustrates the skill premium for different combinations of relative supply of high-skill
workers,φ, and the number of old intermediate goods,ko.

Corollary I.3 If there is no uncertainty,σ = 0, or high-skill workers are not risk averse,θ = 0,

increased relative supply of high-skill workers decreasesthe skill premium.

The first condition in the second part of proposition ensuresthat the skill premium increases

as the relative supply of high-skill workers increase. The second condition in the second part

of the proposition assures that in equilibrium, the number of research workers is non negative,

see (I.14a). Both those conditions must be satisfied, but it is not easy to prove that such an

equilibrium exist.

To prove the existence of such an equilibrium, Figure I.4 plots the skill premium for the same

parameter values as in Figure I.2. From Figure I.2 it is clearthat for all those parameter values

there is a non negative number of research workers and the second condition in Proposition

I.2 is fullfilled. Further as is seen in Figure I.4, for some range of values the skill premium

increases as the fraction of high-skill workers increases.

In general, large values ofl ,

[

γ
1
α
i

]α
, and large a number of old intermediate goods,ko, clearly

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

Corollary I.3 highlights the importance of risk and risk aversion for the results to hold. If

agents are not risk averse or there is no risk, an increased relative supply of high-skill workers

decreases the wage inequality between high-skill and low-skill workers, even though high-skill

workers have the opportunity to make an occupational choice.

4 Conclusions

This paper presents a stylized general equilibrium model, augmented by a profit driven research

sector. The labor force is divided into two categories, low-skill workers and high-skill work-

ers. Capital is excluded and the time frame is collapsed intoa single period during the entire

analysis. The research sector is characterized by uncertain pay-offs. Due to the model’s limited

insurance possibilities for research workers, they have tobear all risk associated with inventing

new intermediate goods, their opportunity cost being a foregone certain wage, paid by producers

of consumption goods.

In a standard general equilibrium model, without a risky research sector, increased supply

of a specific production factor, ceteris paribus, tends to lower the returns to that factor. If the

research sector is excluded, research is non-stochastic orworkers are risk neutral, the model

presented in this paper also predicts that increasing the supply of high-skill workers lowers the

average wage rate for high-skill workers.

However, since high-skill workers can choose to work in the research sector, as their wages

tend to fall due to an increased supply of high-skill workers, there is a reallocation such that

the fraction of high-skill workers choosing to work in the research sector increases. This shift

implies that more high-skill workers are paid a risk premiumfor bearing risk. The reduction

in the wage rate for high-skill workers, due to the increasedsupply of high-skill workers, is

partly counteracted by a flow of high-skill workers from the consumption goods sector to the

research sector. Due to the flow of workers to the research sector, more high-skill workers earn

a risk premium. Therefore the average wage rate for high-skill workers can increase due to an

increased supply of high-skill workers.

The formal analysis shows that the intuition outlined aboveis correct. There is no simple

relationship between an increased supply of high-skill workers and reduction in wages for the

same group. The comparative advantage of high-skill workers in producing knowledge, a good

that is human capital intensive, combined with the uncertainty associated with research activity

blurs the standard increased supply, decreased wage argument.
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Table I.3: List of Symbols

Symbol Meaning
α Cobb-Douglas exponent.
ε Productivity of some new intermediate good.
γ Productivity of some old intermediate good.
µ Fraction of high-skill workers in developing co-operatives.
k Number of intermediate goods.
l Hours necessary to develop a new intermediate good.
L Quantity of low-skill labor.
P Price of some good.
φ Share of high-skill workers.
π Profit rate.
σ2 Variation in productivity for a new intermediated good.
S Quantity of high-skill labor.
θ Relative risk aversion.
τ Skill premium.
w Wage rate.
X Quantity of an intermediate good.
Y Quantity of the consumption good.

Appendix

I.A Record of Notation

In Table I.3 the symbols used in the paper are listed and briefly explained.

I.B Proofs and Derivations

The following section contains the derivations and proofs of various results in the paper.

B.1 The Co-operative Problem

A co-operative aiming at producing a new intermediate goodXn,i, must spend a fixed amount

of labor units,l , in order to invent the new good. Once the new intermediate good is invented it

takes one unit of high-skill labor to produce one unit of the intermediate good. LetSn,i denote

of size of the ith co-operative, i.e. the total number of high-skill labor units supplied by all its
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members. The co-operatives technology is described formally by (I.9).

The co-operative’s revenue is given by the price times the quantity produced. Since the co-

operative’s intermediate good is unique, co-operatives face a monopoly situation. Hence, co-

operatives exploit the price-quantity relation given by the consumption good producer’s demand

function, given by (I.3b).

The earnings are shared uniformly across the co-operative’s members. Hence the earning of

each member equals total revenues divided by the number of members. Since the co-operative

members are identical they all share the same objective; maximizing the expected utility of total

reveue per member. By using (I.9) and (I.3b) to substitute out Xn,i andPn,i . Given that the utility

function is monotonically increasing and multiplicative separable, the following simplifying

steps are feasible:

max
Pn,i ,Xn,i ,Sn,i

Eu

[

Pn,i ×Xn,i

Sn,i

]

s.t. (I .3b) and(I .9)

max
Sn,i

Eu

[

(1−α)Sα
c
(Sn,i − l)1−α

Sn,i
εi

]

max
Sn,i

(Sn,i − l)1−α

Sn,i
. (I.22)

The last optimization problem is simple to solve. Substituting back gives the results for the size

of the co-operative, the quantity produced, the price, and the wage, as listed in (I.11a), (I.11b),

(I.11c), and (I.11d) respectively.

B.2 The High-Skill Arbitrage Condition

The derivation and simplification of the arbitrage condition, ensuring equalization of high-skill

workers’ expected utility from co-operative research workand working for a certain wage in

the consumption good sector, follows (note thatwn,i is given by (I.11d)):

Eu[wc] = Eεi u[wn,i(εi)]

wc
1−θ = Eεi

[

wn,i(εi)
1−θ
]

wc = αα(1−α)2−α
[

φ(1−µ)

l

]α
[

Eε1−θ
i

] 1
1−θ

. (I.23)
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If εi is lognormally distributed with meanEε and varianceσ2. Then lnεi is normally distributed

with meanm and variances2, where

m = ln
[

{Eε}2
]

− 1
2

ln[{Eε}2+σ2]

s2 = ln

[

1+
σ2

{Eε}2

]

(I.24)

and
[

Eε1−θ
i

]
1

1−θ
can written as:

[

Eε1−θ
i

] 1
1−θ

= em+
(1−θ)s2

2 . (I.25)

Substituting outm ands2 by use of (I.24) the final expression for
[

Eε1−θ
i

] 1
1−θ

become:

[

Eε1−θ
i

] 1
1−θ

=
{Eε}1+θ

√

{Eε}2+σ2
θ . (I.26)

To verify thatEε >
[

Eε1−θ
i

]
1

1−θ
note that ifσ2 = 0 then

[

Eε1−θ
i

]
1

1−θ
= Eε. Since

[

Eε1−θ
i

]
1

1−θ

is monotonically decreasing inσ2 andσ2 > 0 the statement is verified.

B.3 Equilibrium

In equilibrium there is full employment and hence the marketfor low-skill workers must clear.

Since the economy’s total labor endowment is normalized to unity, (1−φ) is the share and the

total number of low-skill workers. The number of high-skillworkers employed in the consump-

tion good sector,Sc, equalsφ(1−µ). That is,φ is the share of high-skill workers,µ is the share

of high-skill workers that are members of research co-operatives and the economy’s total labor

endowment is normalized to unity. Low-skill labor market equilibrium imply:

(1−φ) =
ko

∑
i=1

Lo,i .
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Substituting the low-skill labor demand, (I.7), and simplifying gives:

(1−φ) =
ko

∑
i=1

Sc

[

(1−α)γi

wo

]
1
α

wo = (1−α)

[

φ(1−µ)

1−φ
ko

]α




ko

∑
i=1

γ
1
α
i

ko





α

wo = (1−α)

[

φ(1−µ)

1−φ
ko

]α[

γ
1
α
i

]α
. (I.27)

Using the inverse demand function for high-skill workers inthe consumption good sector,

(I.3c), is equivalent to clearing the market for high-skillworkers in the consumption good sector.

By substituting the quantity of each intermediate good used, (I.7) and (I.11b), this condition

becomes:

wc = α
[

1−α
wo

] 1−α
α

ko

[

γ
1
α
i

]

+αα
[

(1−α)l
φ(1−µ)

]1−α
knEεi . (I.28)

The number of new intermediate goods,kn is endogenous. Each research co-operative em-

ploysl/α high-skill labor units, see (I.11a), and there areφµhigh-skill labor units in the research

sector. Hence there are

α
φµ
l

= kn. (I.29)

research co-operatives and new intermediate goods.

Using the arbitrage condition for high-skill workers, (I.13), the expression for low-skill

workers’ wages, (I.27), and the expression for the number ofnew intermediate goods, (I.29), to

substitute outwc, wo andkn, respectively, after simplificationµ is the only unknown:

αα(1−α)2−α [1
l

]α
[

Eε1−θ
i

] 1
1−θ φ−α(1−φ)1−α

[

γ
1
α
i

]α
kα

o

=

αα(1−α)2−α [1
l

]α
[

Eε1−θ
i

]
1

1−θ φµ+α1+α(1−α)1+α(1−α)1−αlαφµEεi

µ=
(1−α)[Eε1−θ

i ]
1

1−θ −[ α
1−α ]

1−α
[kol ]α (1−φ)1−α

φ

[

γ
1
α
i

]α

(1−α)[Eε1−θ
i ]

1
1−θ +αEεi

. (I.30)

By substituting this expression into (I.27) and (I.28) the wage for low-skill workers and high-
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skill workers in the consumption sector can be obtained as a function of exogenous variable

and parameters, only. However, the results are quite complex therefore it is better to keepµ and

remember thatµ is endogenous.

Finally to find the earnings for a co-operative member of the co-operative indexed byi,

replaceSc by φ(1−µ) in (I.11d). Again substituting outµby use of (I.14a) makes the expression

unnecessary complicated.

B.4 Proof of Proposition I.1

Let lnWS denote the random variable describing the natural logarithm of the wage rate for any

high-skill worker. The variance of lnWS can be decomposed into three parts: the variance

among high-skill consumption workers, the variance among high-skill research workers and

the difference between the average research and consumption wage. The consumption worker

wage is non-stochastic so the first part vanishes from the decomposition, hence:

var
(

lnWS
)

= µσ̂2
n +µ(1−µ) [E lnwn,i(εi)− lnwc]

2 . (I.31)

σ̂2
n denotes the variance of the natural logarithm of the wage of research workers, which by

(I.14d) equals var(lnεi). By (I.14d) and (I.14c):

E lnwn,i(εi)− lnwc = E lnεi − ln
[

Eε1−θ
i

]
1

1−θ
.

By using (I.8), describing the parameterization of the log-normal distribution ofεi and (I.26)

the variance decomposition can be shown, by simple substitution and straight forward simplifi-

cation, to equal the expression in (I.19a). The differentiation is straightforward.

B.5 Wage Dispersion

First note that the average (i.e. expected) level of income for high-skill workers,EWS, can be

written in terms ofwc:

EWS =

wc

[

(1−µ)
[

Eε1−θ
i

]
1

1−θ
+µEεi

]

[

Eε1−θ
i

] 1
1−θ

. (I.32)
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Defining wage dispersion as the ratio between the average high-skill worker’s wage,EWS,

and the wage of low-skill workers,wo, implies:

EWS

wo
=

αα(1−α)1−α(1−φ)α

lαkα
o

[

γ
1
α
i

]α ×
(1−µ)

[

Eε1−θ
i

]
1

1−θ
+µEεi

[

Eε1−θ
i

]
1

1−θ
. (I.33)

Using the equilibrium value ofµ given by (I.14a) to find an expression forkα
o lα
[

γ
1
α
i

]α

as:

kα
o lα
[

γ
1
α
i

]α
=

[

1−α
α

]1−α φ
(1−φ)1−α

[

(1−α)(1−µ)
[

Eε1−θ
i

] 1
1−θ −αµEεi

]

. (I.34)

Substituting this expression into (I.33) and performing some straightforward algebraic manipu-

lations, results in the expression forτ given by (I.20).

B.6 Proof of Lemma I.1

By the inverse demand function for high-skill labor, (I.3c), the total wages payment for all

high-skill workers in the consumption sector,wcSc, are:αY. The total earnings ofall low-skill

workers,Lo must equal the remaining part:

woLo = Y−wcSc = (1−α)Y.

Now, given thatSc = φ andLo = 1−φ:

wc

wo
=

α
1−α

× 1−φ
φ

. (I.35)

B.7 Proof of Proposition I.2

The expression for the income dispersion,τ, given by (I.20), depends onµ andµ depends onφ.

Hence to find the derivativedτ
dφ it is necessary to replaceµ by the expression (I.14a) or use the
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chain rule. Replacingµ by (I.14a) gives:

τ =
α

[

γ
1
α
i

]α ×
Eεi −

[

Eε1−θ
i

]
1

1−θ

αEεi +(1−α)
[

Eε1−θ
i

] 1
1−θ

× (I.36)

×









Eεi

[

Eε1−θ
i

] 1
1−θ

Eεi −
[

Eε1−θ
i

]
1

1−θ

[

1−α
α

]1−α [(1−φ)

kol

]α
− 1−φ

φ

[

γ
1
α
i

]α









.

Simple derivation and simplification of (I.36) gives

dτ
dφ

=
α
φ2 ×

Eεi −
[

Eε1−θ
i

]
1

1−θ

αEεi +(1−α)
[

Eε1−θ
i

] 1
1−θ

× (I.37)

×











1−
[

α
lko

]α[1−α
1−φ

]1−α Eεi

[

Eε1−θ
i

]
1

1−θ φ2

(

Eεi −
[

Eε1−θ
i

] 1
1−θ
)[

γ
1
α
i

]α











.

which is positive only if (I.21a) is fulfilled. Condition (I.21b) is easily obtained by simplifying

µ≥ 0 using (I.14a).

To prove Corollary I.3 note that ifσ = 0 orθ = 0:

Eεi −
[

Eε1−θ
i

]
1

1−θ
= 0.

De-factorizingEεi −
[

Eε1−θ
i

] 1
1−θ

in (I.37) andimposing Eεi −
[

Eε1−θ
i

] 1
1−θ

= 0 gives:

dτ
dφ

= − α
[

γ
1
α
i

]α ×
Eεi

[

Eε1−θ
i

] 1
1−θ

αEεi +(1−α)
[

Eε1−θ
i

]
1

1−θ
×
[

α
lko

]α [1−α
1−φ

]1−α

= − α
[

γ
1
α
i

]α ×Eεi ×
[

α
lko

]α[1−α
1−φ

]1−α
< 0.
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Essay II

Market Imperfections and Wage

Inequality

1 Introduction

After several decades of decreasing wage inequality most industrialized countries have expe-

rienced substantial increases in the dispersion of wages. The U.S. and the U.K. witnessed the

change in the early 1980s while many other industrialized countries have seen similar changes

during the second half of the 1980s or early in the 1990s (Juhnet al. 1993; Gottschalk 1997;

Förster and Pellizzari 2000). The aim of this paper is to provide a theoretical model describing

returns to skill that can be applied in a variety of economic contexts. Therefore the model allows

for varying degrees of product market power, capital marketdistortion and fixed to variable cost

ratios.

The main result in the paper is that consumer preference for variety increases the skill pre-

mium, shorter product cycles increase the skill premium, while capital taxation has an ambigu-

ous impact on the skill premium. A fundamental characteristic of the model in this paper is the

division of labor tasks into two distinct categories, production and development, which have

different skill requirements. The model postulates that only high-skill workers do development

work while only low-skill workers do production work, a crude implementation of the hypoth-

esis that development is human capital intensive.

Further, the model postulates that development must alwaysprecede production. Develop-

ment is costly and financed by the households via ownership. Product markets are not perfectly

competitive, implying that, in equilibrium, the profit rateis sufficiently high to motivate house-

II.1
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holds to invest in owner shares. A key insight necessary to understand the predictions of the

model is that while production employment increases with competitiveness, development em-

ployment decreases because lower profits imply less incentive to develop 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 pay,and wage premia is well docu-

mented by, among others, Blanchflower et al. (1996), Nickellet al. (1994). and Nickell (1999).

The discussion generally concerns the distribution of labor market rents among workers and

owners via collective bargaining between firm and union representatives. This paper on the

other hand assumes perfectly competitive labor markets, thereby departing from the assump-

tions of most labor economists.

This paper has similarities with Mendez (2002), which studies the relation between product

life cycles and wage inequality. In Mendez’s dual labor market setting, efficiency wages are

paid to workers producing goods in the early stage of the product cycle, while competitive

wages are paid to workers producing goods in the later stage of the product cycle. In Mendez

setting, shorter product cycles affect wage inequality, but in an ambiguous direction.1

In Glazer and Ranjan (2001) preference for variety contributes to increased wage differ-

ences between high and low-skill workers. However, in Glazer and Ranjan’s paper, the main

assumption is that high-skill workers prefer consuming goods produced by high-skill labor,

while low-skill workers prefers consuming goods produced by low-skill labor. Preference for

variety is a necessary assumption because, in the Dixit and Stiglitz (1977) framework, increas-

ing the number of variations of a good generates a positive externality, increasing the utility of

every other variation of the good.

The paper by Dinopoulos and Segerström (1999) is somewhat similar to this paper. Both

papers connect the profitability of development, labeled research in Dinopoulos and Segerström,

with the demand for high-skill workers. However, in Dinopoulos and Segerström lower tariff

rates motivate more development, via higher temporary Schumpeterian profits. In both papers,

high-skill workers benefit, relative to low-skill workers,from higher profits. Other studies where

high-skill workers do “fixed cost work” and low-skill workers do “production-work” are Ranjan

(2001), Ekholm and Midelfart (2005), and Burda and Dluhosch(2002). None of those papers

1Mendez is primarily concerned with residual wage inequality, i.e. wage inequality between workers with
similar observable characteristics, but he also briefly discusses 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 variety, the length of the product cycle,

financial market distortions, or externalities in the development process.

An integral part of the model is preference for variety in consumption, modeled using the

same setup as in Dixit and Stiglitz (1977). The preference for variety provides firms with some

market power. Without market power firms would not be able mark up 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. Section 3 gives the various market

clearing conditions. In Section 4 households are introduced, the model is closed, and the re-

sults are presented. Section 5 summarizes and discusses theresults. Appendix II.A supplies

a of record of notation used in the paper. Lengthy derivations of key results are presented in

Appendices II.B and II.C.

2 Model

Consider an economy consisting ofL households, each with a single divisible labor unit. A

fractionφL of the households supply high-skill labor and(1−φ)L supply low-skill labor. There

are two types of goods in the economy, a consumption good and acapital good. There are

nL different variations of the consumption good, wheren denotes the number of variations per

household. There arenL different productionfirms producing variations of the consumption

good. Hence, every production firm produces a single variation of the consumption good. New

variations are developed bydevelopmentfirms.

Let k denote the amount of capital per household. The amount of capital available for use

in production,kL, is determined endogenously. Capital depreciates and mustconstantly be

reproduced. Capital is chosen as the numeraire good and its price is normalized to unity. It

is assumed that households supply firms with capital via financial markets, but households are

subject to a capital tax or some other distortion.

The consumption good is more attractive to produce because households care for variety,

which provide firms with some market power. However, the lifetime of any variation of the

consumption good is limited and uncertain. If a variation ofthe consumption good becomes

obsolete, the firm can not sell any output and the firm is shut down. The market for real capital

is perfectly competitive with zero profits.
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2.1 Demand

Let y denote household net income,c household consumption,s household saving in capital,

andmhousehold development saving. Lety, c, sandmdenote the corresponding averages over

all households.

Consider any household in the economy with a net income ofy and let consumption be

given byc = y− s−m. Total saving by a household iss+ m= y− c. Total saving falls into

two different categories, real capital and owner shares (development saving). By purchasings

worth of newly produced capital, households add new capitalto its existing stock of capital. By

providing development firms withmworth of financial capital households can increase its stock

of owner shares in production firms,n.

The household devotesc for consumption of the single consumption good. Instantaneous

utility is characterized by:

u(c) = u[v(c)] . (II.1)

The auxiliaryv(c) function is defined by optimal allocation of consumption over the different

variations of the consumption good,giventhe household’s choice of consumption spending,c:

v(c) = max

~x

[

nL

∑
i=1

x1−β
i

] 1
1−β

(II.2)

s.t.
nL

∑
i=1

pixi = c.

The variablexi denotes the household’s consumption of theith variation of the consumption

good. β ∈ [0,1) parameterizes household demand for variety, and thereby also contributes

to market power of production firms. The solution to this problem (see Appendix II.B for a

derivation) is easily obtained:

xi(c) =
c

p1/β
i p̂

(II.3a)

v(c) = cp̂
β

1−β (II.3b)

p̂ =
nL

∑
i=1

p
β−1

β
i . (II.3c)
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Since the demand function is linear inc, aggregate demand is consistently analyzed using a

representative agent with average consumption spending. Therefore letc denote the average of

all households’ consumption spending:

xi(c) =
cL

p1/β
i p̂

. (II.4)

Relation (II.4) together with (II.3c) defines the demand function for any consumption good.

2.2 Capital Producers

The price of capital is normalized to unity, and the technology for capital production is given

by a Cobb-Douglas production function in low-skill labor and capital. Capital producing firms

operate on a perfectly competitive market, which is a logical assumption since capital produced

by different firms are perfect substitutes in all productionactivities. The constant return to

scale technology and the zero profit condition implies that the number of firms competing is

indeterminate, but production of capital can be modeled as if there is a single price taking firm.

The firm manager solves the following problem:

max

Kk,Lk

al K
α
k L1−α

k − rKk−wl Lk.

The capital producer hires low-skill labor,Lk, and capitalKk. TheKk units of capital are rented

from households. The wage rate of low-skill workers is denotedwl andr denotes the interest

rate for capital. Overall productivity is denoted byal , the marginal rate of technical substitution

between capital and labor is given byαLk [(1−α)Kk]
−1.

Each household savess in capital and thereby demandss new capital units. Aggregate

demand for new capital therefore equalssL. Combing the first order conditions for the problem

above with the aggregate demand for capital, i.e.sL = alKα
k L1−α

k , yields the factor demand

functions for firms producing capital:

Kk(s, r) =
αsL

r
(II.5a)

Lk(s,wl ) =
(1−α)sL

wl
. (II.5b)
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2.3 Consumption Good Producers

The production technology used by consumption good producers is the same Cobb-Douglas

technology used by capital producers. Letbc denote the corresponding cost function. A firm

producing a variation of the consumption good can alter the employment of low-skill production

workers instantly. Therefore, given production during a short interval of time, the firm solves

the following problem:

max

pi

pixi −bc(xi) (II.6)

s.t. xi =
cL

p1/β
i p̂

bc(xi) =
xi

al

[ r
α

]α
[

wl

1−α

]1−α
.

The firm maximizes revenues minus cost under the demand and technology constraint. The

demand constraint is given by relation (II.4) and the technology constraint is given by the cost

function, corresponding to the Cobb-Douglas production function. The firm treats all variables,

except the price of the firm’s own variation,pi , as given, i.e.∂p̂/∂pi = 0. This is perfectly

consistent with rational behavior only if the number of competing firms is infinite, i.e.nL→ ∞.

Solving the maximization problem (see Appendix II.C) implies:

pi =
rαw1−α

l

al (1−β)αα(1−α)1−α (II.7a)

xi(c,n) =
al (1−β)αα(1−α)1−αc

nrαw1−α
l

(II.7b)

πci(c,n) =
βc
n

. (II.7c)

It is immediately clear that zero profits can only occur in twoways; either households do not

care for variety and firms have no market power, i.e.β = 0, or the number of firms produc-

ing variations is infinite, i.e.nL→ ∞. Labor and capital demand functions conditioned on the

quantity produced,xi , materialize in the process of deriving the cost function,bc. Inserting the

quantity given by (II.7b) yields the factor demand functions for firms producing the consump-
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tion good:

kci(c,n, r) =
α(1−β)c

nr
(II.8a)

lci(c,n,wl ) =
(1−α)(1−β)c

nwl
. (II.8b)

2.4 Development Firms

New variations can be developed by combining high-skill labor and capital. More formally,

a firm hiring kd j units of capital andhd j units of high-skill labor produces the “development

intensity”zj . Depending on the model,zj can have different interpretations.

In a continuous time setting, it is logical forzj to represent a firm-specific Poisson process

intensity, where a development event implies that the firm succeeds in development a new vari-

ation of the consumption good. During a short period of length dt, the probability that a single

development event occurs iszjdt.

The logical equivalence in a discrete time setting is thatzj represents the mean of a Poisson

distributed random variable, wherezjdt is the expected number of successful developments

events during a given time period,dt. Alternatively in the discrete time settingzj can represent

some index increasing in the expected number of successful developments.

The technology available for producing the “development intensity” is:

zj =
[

ahkγ
d jh

1−γ
d j

]σ
z1−σ

z =
∑L

j zj

L
σ ∈ (0,1).

Hence, by hiring more high-skill labor and capital, a development firm increases the probability

developing a new variation, or the expected number of new successful developments. Ifσ
equals unity there are no externalities and the developmentfunction reduces to a standard Cobb-

Douglas production function. However asσ approaches zero, the incentive to free ride increases

as a given firm’s development effort become less important relative to the average effort, denoted

by z.

The parameterah parameterizes overall development efficiency andγ denotes the relative

importance of capital compared to high-skill labor. If a Poisson event occurs, the firm succeeds

in development a new variation of the consumption good. The associated cost function,bd, and
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factor demand functions for development firms are:

bd(zj) =
1
ah

[

r
γ

]γ[ wh

1− γ

]1−γ[ zj

z1−σ

]1/σ
(II.9a)

kd(zj , r,wh) =
1
ah

[

γwh

(1− γ)r

]1−γ[ zj

z1−σ

]1/σ
(II.9b)

hd(zj , r,wh) =
1
ah

[

(1− γ)r
γwh

]γ[ zj

z1−σ

]1/σ
. (II.9c)

Those functions are easily derived noting that the production function, see II.9, is a standard

Cobb-Douglas function with productivityahz1−σ and exponentsγσ and(1− γ)σ.

3 Equilibrium

The previous section described the overall economy and the behavior of every firm. The fol-

lowing section imposes market clearing conditions. At every moment in time the market for

high-skill and low-skill labor must clear; every unit of newly produced capital must be sold and

every existing unit of capital must be rented by a development or production firm.

3.1 The Market for Low-Skill Labor

Low-skill workers can be employed either by a firm producing capital or any ofnL firms pro-

ducing different variations of the consumption good. Full employment implies:

Lk(s,wl )+nLlci(c,n,wl ) = (1−φ)L.

Low-skill labor demand for capital production,Lk(s,wl ), can be replaced by the factor demand

function in (II.5b).n andlci(c,n,wl ) are eliminated replacing the factor labor demand function

using (II.8b). Solving forwl :

wl =
(1−α) [(1−β)c+s]

1−φ
. (II.10a)

Low-skill workers benefit both from increased consumption and increased capital savings. Both

increase aggregate production, to the advantage of low-skill workers. Stronger preference for

variety provides production firms with some market power, which decreases 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 savemby financing development of a new product, it

is clear from the cost function (II.9a) and the factor demandfunction (II.9c), that the household

employsm(1− γ)/wh high-skill labor units. Total high-skill labor demand therefore equals:

φL

∑
i=1

1− γ
wh

mhi +
(1−φ)L

∑
i=1

1− γ
wh

mli = mL.

Assuming full employment, simplifying, and solving forwh yields:

wh =
1− γ

φ
m. (II.10b)

It is immediately clear that high-skill workers benefit frommore development saving. Realizing

that consumption, real capital saving, and development saving are rival, high-skill and low-skill

workers’ wages are clearly driven by very different underlying forces.

The wage rate of low-skill workers is adversely affected by preference for variety directly

via the 1− β term, as seen by (II.10a). The effect of preference for variety is likely to be

the opposite for high-skill workers. A largerβ increases the profit rate of firms producing

variations of the consumption good, increasing the incentives to invest in development firms,

i.e. increasingm.

3.3 The Markets for Capital

Households supply production and development firms with capital. Since there is no alternative

usage for capital, aggregate capital supply equalskL. Demand for capital by firms producing

capital,Kk(s, r), is given by (II.5a). There arenL production firms. Each production firm’s

demand for capital is given by the factor demand function in (II.8a).

Aggregate capital demand by development firms is obtained bysumming over every house-

hold’s development investment. By the cost function and factor demand functions in (II.9a)

and (II.9b), any household investingm in development hiresmγ/r units of capital. Aggregating

over all households is straightforward, and equalizing aggregate capital supply with aggregate
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capital demand implies:

r =
α [(1−β)c+s]+ γm

k
. (II.10c)

The interest rate increases if consumption, capital investments or development increase, since

capital is used in production as well as development.

New capital is produced by capital production firms and bought by households. Aggregate

household spending on, and thereby demand for, new capital equalssL. The aggregate supply

is given by the production function of capital producers, i.e. alKα
k L1−α

k , together with the factor

demand functions in (II.5a) and (II.5b). Clearing the market for new capital implies:

1 =
[α

r

]α
[

1−α
wl

]1−α
. (II.10d)

4 Households

This section closes the model by adding households. Adding households is, in principle, neces-

sary to determine average consumption,c, average capital saving,s, and average development

saving,m. Several possible configurations are possible. For example, the model can be set in ei-

ther continuous or discrete time, or in infinitely lived or overlapping generations of households.

The configuration used here is a continuous time setting withinfinitely lived households.

4.1 A Simple Household Model

The income of any household in the economy can be written as:

y = w+(1− τ)(rk +πn)+ τ(rk+πn), (II.11)

wherew denotes the wage rate;wl for a household that supplies low-skill labor andwh for a

household that supplies high-skill labor.k denotes the amount of capital owned by the house-

hold,n denotes the number of production firms, i.e. shares, the household owns, andτ is a tax on

financial income or more general a capital market distortion. The second term,(1−τ)(rk+πn)

is the financial income from owning capital and production firms. rk captures interest payments

by firms renting the household’s capital, andπ captures dividend payments.

The parameterτ ∈ [0,1) has two interpretations. Either it parameterizes a financial market
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imperfection, i.e. a transaction cost paid by households collected by financial market inter-

mediaries. In this case, the fourth term,τr(k+ π) distributes the profits earned by financial

intermediaries uniformly over all households. Alternatively τ can be viewed as a tax on sav-

ings, paid by households, where the tax revenues are uniformly distributed as a lump sum to

each household.

Consumption and Saving

Households maximize the discounted value of lifetime utility of consumption:
R ∞

0 e−ρtu(c)dt.

At every moment in time the household must obey the instantaneous budget constrainc =

y− s−m, i.e. divide its income into consumption,c, saving in real capital,s, and saving by

financing development,m. Let k′ denote the next period’s capital holding. The law of motion

for capital isk′ = (1−δdt)k+sdt, given that the price of capital is normalized to unity and the

depreciation rate isδ.

Development saving by some household ism. The probability that the development firm

succeeds isz(m)dt. Clearly, development saving is risky. To simplify, it is assumed that house-

holds cross-insure their savings in individual development firms, thereby completely eliminat-

ing risk. The law of motion for shares in production firms is:n′ = (1−qdt)n+ z(m)dt. qdt

parameterizes the probability that the variation producedby a specific production firm becomes

obsolete, i.e. that a shut down shock occurs with probability qdt. The decisions of a rational

household satisfies:

V(k,n) = max

s,m

u(c)dt+
1

1+ρdt
EV(k′,n′) (II.12)

s.t c = y−s−m

k′ = (1−δdt)k+sdt

n′ = (1−qdt)n+z(m)dt.

Differentiating the value function and using the first orderconditions result in the following

characterization of optimal consumption and development saving:

(1− τ)r = ρ+δ− cu′′(c)
u′(c)

Eċ/c (II.13a)

(1− τ)z′(m)π = ρ+q− cu′′(c)
u′(c)

Eċ/c+
mz′′(m)

z′(m)
Eṁ/m. (II.13b)
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Those relations form a no-arbitrage relation between the returns from capital and development

saving.

Steady State

If the economy is in steady state, the change in consumption and development saving is zero,

i.e. ċ = 0, andṁ= 0. Further, the household’s holdings of capital and owner shares does not

change. From the laws of motion,k′ = k→ s= δk andn′ = n→ z(m) = qn. Therefore in steady

state:

r =
ρ+δ
1− τ

(II.14a)

π =
ρ+q

(1− τ)z′(m)
(II.14b)

s(k) = δk (II.14c)

z(m) = qn (II.14d)

c = y−δk−bd(qn). (II.14e)

Due to the assumption that households are fully insured, development saving is non-stochastic.

Combining (II.14a) and (II.14b) gives a steady state no-arbitrage condition:

π =
ρ+q
ρ+δ

r
z′(m)

. (II.15)

The interpretation is straightforward. If the shut down intensity,q, is high relative to the

depreciation rate,δ, the profit rate must be higher to provide households with incentive to

save in development.z′(m) is the marginal “development productivity”. The marginal cost of

saving in development is inversely related to marginal productivity, and a high relative marginal

development cost naturally makes households demand a higher pay off, i.e. a higher profit rate,

for saving in development instead of real capital.

Aggregation

Capital saving may differ among different households, but it is linear in capital wealth. Aggre-

gating over every household’s capital saving, given by (II.14c), implies:

s= δk. (II.16)
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The model is most easily solved by assuming thatσ is in the interval(0,1). If σ ∈ (0,1) the

probability to succeed in developing a new variations is at lest partly, but not only, dependent

on the development efforts in other developing firms.

Replacingπ by use of (II.7c) and replacingz′(m) by use of the cost function in (II.9a),

condition (II.14b) defines a unique optimum for developmentsaving:

m(c,n, r,wh,z) = z

[

σβ(1− τ)c
(ρ+q)n

] 1
1−σ
[

ah

[γ
r

]γ
[

1− γ
wh

]1−γ
] σ

1−σ

. (II.17)

The most important property of household development saving is that it depends only on aggre-

gate, non-household specific, quantities. Therefore aggregate development saving is distributed

uniformly over the population, and household and average development saving is identical.2

Given household saving in development firms, every household’s steady state wealth in

shares can be computed by use of relation (II.14d). Efficientdevelopment firms minimize costs.

Using the inverse of the cost function in (II.9a), and notingthatbd = m, n is solved for as:

n =
z
q

[

ahσβ(1− τ)c
(ρ+q)n

[γ
r

]γ
[

1− γ
wh

]1−γ
] σ

1−σ

. (II.18)

It is immediately clear that households’ share holdings,n, only depend on aggregate quantities

and therefore, every household has the same amount of wealthin shares. This is of course a log-

ical consequence of the previous result that every household’s development saving is equalized.

Using thatn = n and solving forn yields:

n(c, r,wh,z) =

[

z
q

]1−σ
[

ahσβ(1− τ)c
ρ+q

[γ
r

]γ
[

1− γ
wh

]1−γ
]σ

. (II.19)

Inserting the average households’ share holdings,n, given by (II.19), into the expression for

householdand average development saving, given by (II.17), reduces average development

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

m(c) =
σqβ(1− τ)c

ρ+q
. (II.20)

The market clearing conditions, i.e (II.10a), (II.10b) and(II.10c), provides the basic rela-

tions necessary to solve forc, k andwh. The remaining endogenous variables can be solved or

eliminated. The steady state interest rater is pinned down by (II.14a), and the wage rate for

low-skill workers is then given by the capital market clearing condition in (II.10d). Average

capital saving,s, is eliminated by (II.16), and average development saving,m, is eliminated by

(II.20). The resulting system of three equations is:

(1−α)
[

(1−β)c+δk
]

− (1−φ)wl = 0 (II.21a)

(ρ+q)φwh− (1− γ)qσβ(1− τ)c = 0 (II.21b)

[α(ρ+q)(1−β)+ γqσβ(1− τ)]c+(ρ+q)(αδ− r)k = 0. (II.21c)

Solving this system is straightforward. To simplify the notation, let∆ be defined as:

∆ ≡ rρ(1−β)(ρ+q)+qγσβδ(1− τ) > 0. (II.22)

The solution to the system is

r =
ρ+δ
1− τ

(II.23a)

wl = (1−α)a
1

1−α
l

[α
r

]
α

1−α
(II.23b)

wh =
σqβ(1− γ)(r −αδ)

∆
1−φ

φ
wl

1−α
(II.23c)

k =
αρ(1−β)+q[α(1−β)+ γσβ(1− τ)]

∆
1−φ
1−α

wl (II.23d)

ω =
qσβ(1− γ)(1− τ)(r −αδ)

(1−α)∆
1−φ

φ
, (II.23e)

whereω = wh/wl denotes the relative wage of high-skill workers, compared to low-skill work-

ers. The skill-premium is defined as lnω.
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Comparative Statics

The main concern of this paper is the return to skill. Since the steady state equilibrium condi-

tions provide analytically traceable expressions for all endogenous variables, the skill premium

is easily investigated. To investigate what determines theskill premium, lnω is differentiated

with respect to the key parameters of the model.

Skill Composition The standard increased factor supply–decreased factor return logic holds

for both kinds of labor, as seen by the negative derivative oflnω with respect to the fraction of

high-skill households, i.e.φ:

d lnω
dφ

=
−1

φ(1−φ)
< 0. (II.24a)

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

Preference for Variety The impact of preference for variety on the skill premium is described

by the derivative of lnω with respect toβ. After some algebra:

d lnω
dβ

=
(ρ+δ)(ρ+q)

β(1− τ)∆
> 0. (II.24b)

Increasingβ makes households more inclined to spread out consumption more evenly over

all variations given any fixed set of prices, implying greater market power for the producer

of any variation. On the one hand, it follows from (II.8b) that greater preferences for variety

decreases the per firm demand for low-skill labor as the supply of each firm decreases.

On the other hand, it is clear from (II.7c) that stronger preference for variety increases the

value of a firm producing a variation, which in turn increasesthe incentives to develop new

variations. Naturally greater incentives to develop new variations translates into increasing

demand for high-skill workers; see (II.14d). Therefore, inthe short run, before the number

production firms adjusts, increasing the preference for variety increases the skill premium.

In the long run the number of production firms and developmentfirms, n andm, changes,

thereby altering the demand for high-skill and low-skill labor. As seen by the comparative

statics and reasoning above, it is clear that in the short runas well as the long run increased

preference for variety increases the skill premium.
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Taxation Increasing the tax rate on income from capital and owner shares, i.e. increasingτ,

has an ambiguous effect on the skill premium.

d lnω
dτ

=
αδ

ρ+δ [1−α(1− τ)]
+

2qγσδβ
∆

− 1
1− τ

. (II.24c)

The sign is ambiguous and the effect is non-linear. It is easyto see, inspecting (II.22), that

∆ is bounded and strictly positive asτ → 1. This implies that for large distortions the derivative

is infinitely negative. It follows that ifτ is sufficiently close to unity, improving the financial

market increases the skill premium. Hence improvingsufficientlydistorted financial markets

increase the skill premium.

It is a bit surprising that the result is ambiguous. The high-skill labor market clearing con-

dition in (II.10b) implies that the wage rate for high-skillworkers is proportional to the average

saving in development firms. Saving in development firms is inturn proportional to one minus

the tax rate, i.e. 1− τ, as seen by the steady state expression form stated in (II.20). However,

by the same expression, it is clear that average developmentsaving is proportional to average

consumption spending,c. Increasing the tax rate on financial income increases average con-

sumption, and, the effect on development saving is therefore ambiguous, as is the effect on the

wage rate of high-skill workers.

The wage rate of low-skill workers clearly decreases as the tax rate increases. Increasing

the tax rate increases the steady state interest rate, and that lowers the wage rate of low-skill

workers, as seen by (II.23b). This is a equilibrium result. Capital is the numeraire good and

the wage rate of low-skill workers falls out, clearing the market for new capital. As its price is

fixed, the wage rate of low-skill workers must adjust to clearthe market.

Clearly it is difficult to predict a priori, whether financialmarket distortions increase or

decrease the skill premium. However, excluding capital from the model yields unambiguous

results. Lettingα → 0 andγ → 0 renders capital redundant in the development and production

processes. The derivative reduces to:

d lnω
dτ = −1

1−τ < 0
α → 0

γ → 0

. (II.24d)

Shut Down Intensity The expected lifetime of a variation of the consumption goodis 1/q.

Decreasing the expected lifetime of variations of the consumption good, i.e. increasingq, in-
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creases the skill premium:

d lnω
dq

=
ρ(1−β)(ρ+δ)

q(1− τ)∆
> 0. (II.24e)

On the one hand, decreasing the expected life of variations of the consumption good de-

creases incentives to develop new variations in the short run as lifetime profits decrease. On the

other hand, in the long run shorter life spans decrease the number of variations available, and

thereby increase the profit rate of each producer, increasing the incentives to save in develop-

ment firms.

In steady state, increasing the shut down intensity,q, implies increasing average develop-

ment saving over average consumption, see (II.20). This shift in favor of development saving

increases the demand for high-skill workers, which increases the steady state wage rate. Shorter

product cycles therefore raise the skill premium.

Development Externalities If development generates strong externalities, i.e.σ closer to

zero, the skill premium is smaller:

d lnω
dσ

=
(1−β)(ρ+δ)(ρ+δ+q)

σ∆
> 0. (II.24f)

A smallerσ decreases every households marginal benefit from development saving, since

the households are uncoordinated and fail to internalize their positive external effect on every

other household. A lower marginal benefit decreases the incentives to save by financing devel-

opment firms, thereby decreasing the demand for high-skill workers. In the end, the wage rate

of high-skill workers must decrease to maintain full employment.

5 Conclusions

The model presented in this paper puts forward the idea that if high-skill workers are mainly

used indevelopinggoods and low-skill workers mainly are used inproducingexisting goods,

various market imperfections can alter the skill premium.

All actions by agents in the model are based on rational maximization of lifetime utility

and profits in a general equilibrium setting. However to simplify, only steady state results are

considered. Therefore all results pertain to the long run.
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The model assumes perfectly competitive labor markets, andthereby departs from the exist-

ing branch of literature investigating the effect of labor market imperfections on the wage rate.

Capital market distortions are also introduced. The paper’s main results are:

• Greater preference for variety in consumption increases the skill premium.

• Shorter product cycles increase the skill premium.

• Financial market distortions, such as taxes, changes the skill premium.

In the short run, preference for variety translates into market power for firms, increasing

profits but reducing supply. Reduced supply reduces the demand for production workers, i.e.

low-skill workers. Higher profits stimulates development of new variations of consumption

good, thereby increasing the demand for development workers, i.e. high-skill workers. However

since the supply of low-skill and high-skill workers is fixed, the decreased demand for low-skill

workers translates into a lower wage rate, and the increaseddemand for high-skill workers

translates into a higher wage rate for high-skill workers.

Shorter product cycles, all else equal, reduces the profitability of developing new variations.

In the long run however, the number of variations decrease, but the income share spent on de-

velopment relative consumption increases, thereby increasing the skill premium. The model

thereby points out shorter product cycles to be a potential explanation for the increasing disper-

sion in wages during the last 30 years.

The result for taxation on non-labor income, is ambiguous. In a model without capital, a

non-labor tax decreases the skill premium. With capital, a necessary condition for a non-labor

tax to decrease the skill premium is that the initial tax is sufficiently high. This is a weak pre-

diction, but nevertheless the model hints that there is a connection between financial institutions

and the skill premium, pointing towards financial liberalization as a possible explanation of the

changes in the skill premium during the 1980s.

The model presented in this can easily be extended on the household side in order to model,

for example, distorted financial markets and different household characteristics, such as risk

aversion or different degrees of precautionary saving. Themodel, therefore, is rich in future

research prospects.
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Appendix

II.A Record of Notation

In general, any variable with an overbar represents an average, usually with respect to house-

holds or households supplying either high-skill or low-skill labor. i is used to index a specific

firm producing a variation of the consumption good whilej is used to index a specific develop-

ment firm. A complete list of the symbols used in the paper is presented in Table II.1.

II.B Demand for Variations

The aim of this section is to derive the demand function for each variation of the consumption

good, given a certain degree of preference for variety. Preference for variety is modeled as

in Dixit and Stiglitz (1977). By consumingnL different variations of the consumption good,

household utility is:

nL

∑
i=1

[

x1−β
i

] 1
1−β

.

For β ∈ (0,1), consuming an extra unit of any of the variation decreases the marginal utility of

yet an extra unit of the same variation, and therefore consumers prefer to increase consumption

of all variations. Only if prices differ, will a single households consume different quantities of

the different variations.

Given a fixed consumption budgetc, a utility maximizing household must act as if solving

the optimization problem:

v(~x) = max

~x

nL

∑
i=1

[

x1−β
i

] 1
1−β

s.t.
nL

∑
i=1

pixi = c.

Let µ denote the Lagrangian multiplier due to the budget constraint. The first order conditions
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Table II.1: List of Symbols

Symbol Range Interpretation
α [0,1) Capital’s “weight” in production (Cobb-Douglas).
ah R+ High-skill workers’ productivity.
al R+ Low-skill workers’ productivity.
β [0,1) Preference for variety.
bc(·) R Cost function for production firms.
bd(·) R Cost function for development firms.
c R+ An arbitrary household’s consumption spending.
C R+ Aggregate consumption spending.
δ R Depreciation rate of capital.
∆ R Abbreviation, defined in (II.22).
γ [0,1) Capital’s “weight” in development (Cobb-Douglas).
hd R+ High-skill labor used by an arbitrary development firm.
k R+ An arbitrary household’s capital holding.
kd R+ Capital used by an arbitrary development firm.
Kk R+ Aggregate capital used producing capital.
L R+ Number, i.e. the measure, of households.
Lk R+ Aggregate low-skill labor used producing capital.
m R+ An arbitrary household’s investment in development.
n R+ An arbitrary household’s holding of development shares.
φ (0,1) Fraction of households supplying high-skill labor.
πc R+ An arbitrary consumptin firm’s profit rate.
p R+ Price of an arbitrary variation.
p̂ R+ Auxiliary price index.
q R Poisson intensity at which variations become obsolete.
ρ R Households’ discount rate.
r R Interest rate.
σ (0,1) 1 - σ: Free riding possibilities in developing.
s R An arbitrary household’s savings.
τ [0,1] Tax rate on non-labor income.
u(·) R Instantaneous utility function.
v(·) R Auxiliary utility function (w.r.t. variations).
V(·) R Lifetime utility.
ω R+ The skill premium,wh/wl .
wh R+ Wage rate for households supplying high-skill labor.
wl R+ Wage rate for households supplying low-skill labor.
x R+ Quantity of an arbitrary variation.
y R+ An arbitrary household’s income rate.
z R+ Development intensity of an arbitrary development firm.
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are:

x−β
i

[

nL

∑
k=1

x1−β
k

]
β

1−β

+µpi = 0 ∀i (II.25a)

nL

∑
k=1

pkxk−c = 0. (II.25b)

The relative demand of any two variations is easily derived by division of equation (II.25a)

for two distincti’s. Using the resulting expression to eliminatexk in (II.25b) and solving forxi ,

results in a demand function for anyxi (i is arbitrary):

xi =
c

p1/β
i p̂

p̂ =
nL

∑
k=1

p
β−1

β
k .

Substituting back into the utility function and simplifying gives:

v(~x) = cp̂
β

1−β .

The last three relations verify expressions (II.3a) – (II.3c).

II.C Supply of Variations

Consider the producer of theith variation of the consumption good. The problem of the firm

manager is to maximize the instantaneous profit rate. In doing so the manger must obey the first

order conditions of the optimization problem:

πi = max

xi , pi

xi pi −bc(xi) (II.26a)

s.t. xi =
C

p1/β
i p̂

(II.26b)

bc(xi) = b̂cxi . (II.26c)
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Naturally managers must choose a price quantity pair on the demand curve, given by (II.26b).

The demand curve was derived in Appendix II.B. The only difference is that spending by

a single household,c, has been replaced by aggregate spending,C, obtained by horizontal

summation over all households.

By (II.26c) managers are constrained by the constant returnto scale technology defined by

the second constrain in problem (II.6). For a simpler exposition b̂c is used to denote marginal

production cost, accordingly defined as:

b̂c =

[

(

α
1−α

)1−α
+

(

α
1−α

)−α
]

rαw1−α
l

al
. (II.27)

As in Dixit and Stiglitz (1977), it is assumed that managers overlook the impact of changing

their own price on the index ˆp, defined by (II.3c). This is only perfectly rational if thereis an

infinite number of competing firms. Solving the problem aboveby inserting the cost function

into the objective function, and usingµ to denote the Lagrangian multiplier due to the demand

constraint, the first order conditions are:

pi + b̂c +µ = 0 (II.28a)

xi +µ
1
β

C
p̂

p
− 1−β

β
i = 0 (II.28b)

xi −
C

p1/β
i p̂

= 0. (II.28c)

The output price of theith firm is easily solved for by direct insertion of (II.28a) and (II.28c)

into (II.28b) to eliminatexi andµ. The result is a pricing rule with a constant mark up over

marginal cost:

pi =
b̂c

1−β
. (II.29a)

Clearly if there is no preference for variety, i.e.β = 0, the market becomes perfectly competitive

and price equals marginal cost. In order to determine the quantity supplied by each producer,

xi , p1/β
i p̂ must be computed. As is clear from the pricing rule in (II.29a), all producers set the

same price, since they all have the same technology. The price index, defined in (II.3c), reduces
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to:

p̂ = nL

[

b̂c

1−β

]
β−1

β

. (II.29b)

Given the price index and the demand curve, (II.28c), the supply of any firm, indexed byi, is:

xi =
(1−β)C

nb̂cL
. (II.29c)

Insertingpi , p̂ andxi into the profit function defined in (II.26a) and simplifying gives:

πi =
βC
nL

. (II.29d)

After replacingC with cL andb̂c by (II.27), relations (II.29a) – (II.29d) verify (II.7a) – (II.7c).
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Essay III

Firm Fragmentation and the Skill

Premium

1 Introduction

Following the recognition of the massive increase in wage inequality in the U.S. in the 1980–

1990 period, economists’ slumbering interest in distributional questions was awakened. Several

theories have been proposed to understand the changes. The most common revolve around

skill-biased technological change (Berman et al. 1998), increased competition from low wage

countries (Wood 1995), and institutional changes (Fortin and Lemieux 1997). One purpose of

this paper is to augment those explanations by investigating the effect of domestic outsourcing

and domestic sub-contracting on the skill premium.

The massive changes in the U.S.wage distribution during the1970–1990 period are well

documented. Wage inequality in U.S. increased rapidly during the 1980–1990 period due to

increases in most of the different components of overall wage inequality. The skill premium,

or returns to education, increased, returns to experience increased and residual wage inequality,

or inequality among individuals with similar characteristics, also increased (Gottschalk 1997;

Juhn et al. 1993).

Gottschalk points out that “... the increases in the collegepremium are being driven more by

the decline in real earnings of high school graduates than bythe increase in earnings of college

workers” (Gottschalk 1997, p. 30). Any full explanation of the changes in the skill premium in

the U.S. is therefore obligated to present a plausible case for an absolutedecreasein earnings

of workers with relatively low education.

III.1
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The rapid increase in U.S. wage inequality during the 1980–1990 period is unmatched by

any European country. Gottschalk and Smeeding (1997) summarize the changes in Europe.

While the U.K. stands out in the European family by experiencing large increases in earnings

inequality during the 1980–1990 period, the European experience is in general mixed. Most,

but not all, countries experienced some increases in earnings inequality. For Sweden the results

differ depending on choices of periods and measurement, butseveral studies describe increased

inequality (Gottschalk and Smeeding 1997; Gustafsson and Palmer 1997; Gottschalk and

Smeeding 2000; Gustafsson and Palmer 2001).

1.1 Contribution

The contribution of this paper is twofold. On the one hand it presents a novel framework for

combining the standard marginal analysis, i.e. competitive wages, with rent sharing theories

where workers bargain over wages. On the other hand it hypothesizes that changes in the skill

premium can be explained bydomesticdisintegration of production which prohibits workers

with different skill levels to negotiate with each other over wage rates. In addition, the model

investigates what factors cause outsourcing and contracting out. An important property of the

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

casionally threaten to shut down or relocate production. Employees are therefore occasionally

subject to the risk of unemployment.

Workers can influence firm owners not to shut down the firm by renegotiating wages, i.e.

agreeing on lower wages to avoid unemployment. This assumption introduces wage bargaining

in the model. As opposed to many other labor market models, workers do not bargain over

profits but rather to avoid unemployment, i.e. workers bargain over losses.

Firm owners always have incentives to threaten to shutdown the firm in order to lower

wages and thereby increase profits. However, rational workers only considercredible threats.

If a firm owner credibly threatens to shut down the firm, workers agree on lowering wages

precisely such that firm owners are indifferent between shutting down the firm or continuing

production. Credible shut down threats put workers in a bargaining situation. Workers do not

primarily bargain with firm representatives since the totalreduction of the wage bill necessary

for firm owners not to shut down the firm is known to all parties.Instead, workers with different

characteristics must agree on the distribution of wage reductions.

The model developed in this paper focuses on two types of workers: high-skill and low-skill.

Whether two types of workers, in general, should form a single union that bargains with the firm
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representative or bargain separately is discussed in Horn and Wolinsky (1988). Their results

indicate that high-skill and low-skill workers should forma single union if they are substitutes.

The model in this paper is set such that high-skill and low-skill workers bargain over a fixed

surplus. That is, the maximum total surplus that can be extracted by all workers together does

not depend on whether high-skill and low-skill workers forma single union or not. Therefore

it is reasonable to assume that high-skill and low-skill workers form two separate unions. To

see why, consider first the case where high-skill and low-skill workers form an alliance. In this

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

the political mechanisms within the single union. A median voter outcome would dictate the

minority group its outside option. The minority group wouldthen always leave and form a

separate union.

Given this basic setting, the model investigates how labor demand and wages are affected

by firms’ option to default on labor contracts, but also how increased utilization of external

provision of labor by firms affects wage rates and the skill premium. The reliance of external

provision can be categorized into two broad categories:outsourcingandcontracting out. In

both cases the final goods producer hands over the employmentand more or less of the em-

ployer responsibilities to a third party. In the outsourcing case the final goods producer can be

fully detached from the third party employee, while in the contracting out case, the final goods

producer provides capital, like office space, machines or software tools, to the third party em-

ployee. Henceforth the termfragmentationwill be used instead of outsourcing and contracting

out.

In a less fragmented economy more firms employ a mix of high-skill and low-skill workers.

Low-skill workers benefit from bargains relative to high-skill workers if firm owners threaten

to shut down the firm. Therefore, shut down threats tend todecreasethe skill premium in aless

fragmented economy.

1.2 Some Supporting Data

The graph in Figure III.1 plots the inverse of plant size against the skill premium during the

20th century in the U.S. The correlation is striking:

• 1900–1940: Plant size increased and the skill premium decreased.

• 1940–1980: Plant size and the skill premium were relative stable.

• 1980–2000: Plant size decreased and the skill the premium increased.
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Figure III.1: U.S. Skill Premium and Manufacturing Plant Size

The evolution of U.S. plant size during the 20th century is highly correlated with the evolution of the
skill premium. Both series are indexed relative to 1995. Source: Mitchell (2005)

Needless to say, Figure III.1 does not prove that fragmentation increases the skill premium.

First, plant size and firm size are related but not identical.Second, firm size and firm homo-

geneity,with respect to employees, are different concepts. However, it seems plausible that in

an economy with smaller firms, there is a larger number of homogenous firms. This is also

confirmed by Kremer and Maskin (1996) who present evidence ofa trend where high-skill and

low-skill workers are sorted into separate firms.

Recognizing these caveats, the figure hints that fragmentation can be important for explain-

ing changes in the skill premium.

1.3 Related Literature

In the discussion of the impact of unions on wage inequality,Freeman and Medoff (1984) ar-

gue that unions favor wage equality because unions prefer single rate wage policies to individual

wage policies. Freeman and Medoff put forth a few arguments:First, because of political mech-

anisms within the union, unions favor the majority of workers, thereby favoring redistributive

contracts. This result follows, for example, by applying the median voter theorem. Second,

Freeman and Medoff argue that unions tend to equalize wages due to ideological reasons favor-

ing worker solidarity and organizational unity. This argument parallels the brief discussion in
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Abraham and Taylor (1996) concerning the possibility that within larger and more heterogenous

firms, equity motives play an important role in the wage determination process.

Besides favoring single rates across its members, unions tend to decrease wage inequality

by favoring single rates across firms and industries. None ofthose arguments are applicable for

this paper since high-skill and low-skill workers are members in separateunions, whereby the

political mechanisms within unions are sidestepped, sinceall members are identical. Further,

every worker behaves in a neo-classical way; that is, every worker acts as if maximizing his or

her utility without any egalitarian considerations. Finally, unions are firm specific and do not

synchronize policies across firms or industries.

Borjas and Ramey (1995) relate to this paper by discussing the importance of the distribution

of rents for the wage distribution. They claim that the industries that are hurt the most by

import competition from less developed countries are manufacturing firms earning rents. These

firms, according to Borjas and Ramey, employ relatively manylow-skill workers. Tougher

competition decreases both rents and low-skill employmentin manufacturing firms. Hence, the

low-skill workers are hurt “twice” from increased import competition.

The analysis in Kremer and Maskin (1996) shows that if the variation in skill levels is

sufficiently low, it is efficient to match low- and high-skillworkers in production. But with

sufficiently large variation in the distribution of skills,efficiency requires that low-skill workers

match with low-skill workers, and high-skill workers matchwith high-skill workers, causing a

segregation of firms with respect to skill. With segregationby skill, the skill premium increases

since the two production tasks are complementary.

Mitchell (2005) proposes that high-skill workers are superior to low-skill workers in being

able to perform a wider variety of tasks. In the first part of the 20th century, mass production

led to larger plants and a higher degree of specialization. The demand for high-skill workers

diminished as every worker was required to perform a smallernumber of tasks. As a result,

the skill premium decreased during the first half of the century. During the last part of the

20th century new production technology decreased the cost-efficient plant size and increased

the demand for workers who are able to perform a wider varietyof tasks, thereby increasing the

demand for high-skill workers. The increased demand for high-skill workers during the second

half of the century increased the skill premium.

Caroli and Van Reenen (2001) use British and French micro data to investigate the impact

of organizational change on the demand for high-skill and low skill-labor. Their definition

of organizational change states not only that employees must perform more tasks but also in-

cludes flatter organizational hierarchies, implying that employees face more responsibility and
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have to work more independently. This supposedly benefits high-skill workers. Caroli and

Van Reenen’s analysis indicates that there is a complementarity between organizational change

and skill.

Acemoglu et al. (2001) focus on the distribution of rents as they build a model where high-

skill and low-skill workers bargain over rents. However, they do not model vertical disintegra-

tion as a choice of firm owners but instead focus on skill biased technological change, increasing

high-skill workers’ gains from switching to specialized firms, thereby undermining the possi-

bility for low-skill workers to specify redistributive wage contracts.

Harrison and Bluestone (1988) connect U.S. firms’ increaseduse of contingent workers,

i.e. temporary employed and third party workers, to the deterioration of low-skill workers’

wages. Contingent workers are in general paid lower wages and receive less insurance benefits

(Kalleberg et al. 1984).

The analysis in this paper can be seen as extending the analysis of Sap (1993), who inte-

grates unionized workers into two groups – men and women. Standard bargaining theory is

applied, highlighting that bargaining strength and outside options determine the wage differ-

entials between men and women. This analysis puts Sap’s analysis into a broader context and

replaces the gender distinction with a skill distinction.

Thesmar and Thoenig (2004) hypothesize that increased fragmentation can be linked to

financial liberalization. Financial liberalization diversifies shareholder portfolios, thereby re-

ducing the cost of risk, ceteris paribus. Shareholders demand more risky assets, relative to the

expected returns, and firms respond by relying more heavily on external provision of interme-

diate goods.

In Burda and Dluhosch (2002) firm’s choice of fragmentation is endogenous. By disinte-

grating the production chain, demand for communication andcoordination services, produced

solely by high-skill workers, increases but the variable marginal production cost decreases.

Burda and Dluhosch show that in the long run, if the growth rate of high-skill workers exceeds

the growth rate of low skill workers, fragmentation increases, and the skill premium increases.

1.4 Outline

In Section 2 the basic properties of the model are presented.The section describes the endow-

ments, and parts of the institutional setting. Section 3 presents the fundamental setup and some

general results. Section 4 analyzes firms in more detail and derives the necessary expressions

to analyze the impact of fragmentation on the skill premium.Section 5 discusses the possi-
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Table III.1: Subscripts

Subscript Indicates
i In-house Firm
f Fragmented Firm
s Specialized Firm
h High-Skill
l Low-Skill

ble steady state equilibria and verifies the hypotheses of the paper. Section 6 summarizes the

findings. Appendix III.A contains a list of symbols used, Appendix III.B and Appendix III.C

complement Section 4 and Section 5 with some mathematical derivations.

2 Model

This section describes the fundamental parts of the model. Table III.1 depicts the general logic

for subscripts used to categorize different variables. Indices over a continuum are written in

parentheses. All symbols are listed in Table III.3 in Appendix III.A. Random variables are

marked by ˜·, ·̂, or ·̌, depending on the information available. An upper case symbol is used for

stochastic variables while lower case symbols are used to denote a particular realization of the

corresponding random variables. Upper case letters are also used to denote aggregate quantities

while lower case letters are also used to denote micro quantities. Symbols marked by·∗ are

derived from an optimization problem.

2.1 General Setting

Consider an economy with a single consumption good, theY good. There is a continuum of

firms selling a distinct variation of theY good. TheY good is assembled using two other goods:

theX good and theZ good. TheX good is produced using high-skill labor, and theZ good is

produced using low-skill labor. Firms that employ workers and produce both theX andZ goods

(which are necessary to assemble theY good) are labeledin-housefirms. Firms that do not hire

any labor but purchase theX andZ goods, which are necessary to assemble theY good, from

specializedfirms, are calledfragmentedfirms. Naturally, asserting that fragmented firms hire

no labor, is a crude characterization of firms relying more heavily on outside contractors.
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In-house Firms

There is a continuum ofin-housefirms with rangeKi . Every in-house firmproducesand sells

a distinct variation of the consumption good. In-house firmsproduce both intermediate goods,

i.e. both theX good and theZ good, necessary to assemble theY good. To denote the quantity

of theY good sold by thekth in-house firm, the notationyi(k) is used. The corresponding price

is denotedP̃i(k).

Fragmented and Specialized Firms

There is a continuum of firms with rangeK f that onlyassembleand sell theY good. Those

firms are labeledfragmentedfirms. Fragmented firms purchase intermediate goods, theX and

Z goods, necessary to assemble theY good. Firms producing either anX or aZ good, but not

both, are calledspecializedfirms. To denote thekth fragmented firm’s output of theY good,

yf (k) is used, and its price is denotedP̃f (k).

2.2 Consumers’ Preferences

The representative consumer does not care whether or not theconsumption good is sold by an

in-house or a fragmented firm, hence from the consumer point of view there is a continuum of

variations of theY good with rangeKi + K f . Due to a preference for variety, consumers are

biased towards spreading their consumption across all the different variations of theY good,

thereby providing producers with some market power. LetC denote the amount the representa-

tive consumer spends on theY good. The representative consumer behaves as if maximizing

[

Z Ki

0
d̃i(k)yi(k)

1−βdk+

Z K f

0
d̃f (k)yf (k)

1−βdk

] 1
1−β

subject to the budget constraint

C =

Z Ki

0
p̃i(k)yi(k)dk+

Z K f

0
p̃f (k)yf (k)dk.

The first integral in the objective function sums the utilityderived by consuming different vari-

ations of theY good, sold byin-housefirms. The second integral sums the utility derived by

consuming different variations of theY good, sold byfragmentedfirms. Demand uncertainty

is modeled using the stochastic demand variablesD̃i andD̃ f , and the consumer preference for



2. MODEL III.9

a variation of the good depends on the realizations of those demand variables,̃di(k) andd̃f (k).

Consumer preference for variety is parameterized byβ ∈ [0,1). If β equals zero, consumers

only purchase the cheapest variation of theY good, given that the realizations of the demand

variables are equal.

The first integral in the budget constraint sums the representative consumer’s expenditures

on all theKi different variations of theY good sold byin-housefirms. The second integral sums

the representative consumer’s expenditure on theK f different variations of theY good sold by

fragmentedfirms.

Demand uncertainty is modeled using the stochastic variablesD̃i andD̃ f , with appropriate

indices. That is, the demand for every variation of theY good is stochastic. Demand shocks are

deviations from expected demand. The stochastic demand variables are uniformly distributed

with an expected value of 1 and range 2∆. The cumulative density function is therefore:

Fi(d) = Ff (d) =
d− (1−∆)

2∆
0 < ∆ ≤ 1. (III.1)

Solving for the inverse demand functions yields:

∀k∈ [0,Ki] : p̃i(k) =

[

C
p

]β d̃i(k)

yi(k)β (III.2a)

∀k∈ [0,K f ] : p̃f (k) =

[

C
p

]β d̃f (k)

yf (k)β (III.2b)

[

C
p

]β
=

C

Ki × d̃iy
1−β
i +K f × d̃f y

1−β
f

. (III.2c)

Relations (III.2a) and (III.2b) together with (III.2c) provide the inverse demand function for

every firm in the model. Thep variable is a price index. Since there is a continuum of firms,the

price index is unaffected by each firm’s price and quantity choice and is therefore taken as given

by each firm. The averages in the expression forp are taken over the continuum of in-house

firms and the continuum of fragmented firms.

Notice that a demand shock by some percentage increases revenues, ˜piyi or p̃f yf , by the

same percentage, independent of the production levels,yi or yf . This in turn implies that even

though the revenue function is concave with respect to the production level, the revenue function

is linear with respect to the demand shock. Hence a mean preserving spread in demand changes

neither the expected profit rate nor the size of the firm, if thefirm owner is risk neutral and must



III.10 ESSAY III. FIRM FRAGMENTATION AND THE SKILL PREMIUM

commit to an employment choice prior to the realization of the demand shock.

2.3 Firms’ Technology

The production of theY good requires two intermediate goods: theX good and theZ good. The

production of theX (Z) good requires high-skill (low-skill) labor. The production functions for

theX andZ goods are:

x = h z= l . (III.3a)

That is, one unit of high-skill labor,h, produces one unit of theX good and one unit of low-skill

labor produces one unit of theZ good.

The production of theY good is described by the Cobb-Douglas production function in the

X andZ goods as:

y = xαz1−α. (III.3b)

2.4 Institutional Setting

The following paragraphs define the different institutional settings for in-house and fragmented

firms. Both firms are of course subject to the same institutional constraints, but the different

ways of organizing production implies some differences.

In-house Firms In-house firms and their employees are limited by institutional constraints.

In-house firms post skill specific job vacancies, either high-skill or low-skill. It is assumed

that firms find it easy to fill vacancies with workers with appropriate skills, while workers find

it costly or time consuming to find employment. However, oncecontracted, in-house firms

cannot, for whatever reason, replace or dismiss workers, during the contract period, unless

workers threaten to strike in order to increase their wages.Employers and employees agree on

one period contracts. Hence, firms cannot decrease production levels by changing employment

during the period.

During the contract period, firms are subject to a demand shock. Firm owners cannot change

employment or lower wages during the contract period without incurring a prohibitive cost, but

firm owners always have the option to shut down the firm instantly and thereby avoid paying
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wages for the remainder of the contract period. Naturally, workers suffer if the firm is shut

down, since unemployed workers cannot find work instantly.

To simplify the analysis, the following assumptions are made. First, since it is easy for firms

to recruit employees, workers and firm owners agree on competitive wage rates, i.e. standard

wage rates determined by marginal productivity.

Second, a demand shock is not realized at any arbitrary pointin time during the contract

period, but immediately after signing wage contracts. The assumption magnifies the effect of

demand uncertainty, but does not alter qualitative results.

Third, firm owners are not allowed to increase production andthereby employment during

the period, even if the realization of the demand shock is favorable. This assumption is made

only to simplify the analysis but can be rationalized by assuming that new workers need some

training before becoming productive. Note that firm owners still benefit from favorable demand

shocks as the price of their good increases.

Fourth, high- and low-skill workers do not bargain over employment in order to save the

firm. This assumption is not unreasonable since workers find unemployment costly.

Figure III.2 illustrates the sequence of events for an in-house firm during a single period.

First, firms employ workers and agree on the competitive wagerates. Second, the demand shock

is realized. If the demand shock is favorable, the firm produces as planned but if the demand

shock is unfavorable, high-skill and low-skill workers renegotiate wages, and the firm again

produces as planned. This sequence of events is repeated every period.

Notice that a demand shock is considered to be favorable if the firm owner does not threaten

to shut down the firm. The probability that a firm owner does notthreaten to shut down the

firm is denotedQi . Qi is endogenous and derived from the behavior of rational firm owners,

maximizing the discounted profit stream.

Fragmented and Specialized Firms Each specialized firm sells its good, either theX good

or theZ good, to a continuum of fragmented firms. To make the analysisas simple as possible,

it is assumed that fragmented firms can purchase theX andZ goodafter the realization of the

demand variable. This is reasonable only if theX andZ goods are homogeneous, i.e. identical

across fragmented firms, and transport costs are negligible.

While this assumption is questionable it simplifies the analysis because it is possible to

apply the mean value theorem for the demand shocks faced by fragmented firms. That is, the

demand shocks of the different fragmented firms even out and each specialized firm faces a

certain demand. Since the demands for theX andZ goods are certain, employees of specialized
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Figure III.2: Sequence of Events for In-house Firms

Firm Alive
t = 0

Firm Alive
t = 1

Favorable
Demand Shock

Unfavorable
Demand Shock

Wages
Renegotiated

If the demand shock is favorable, the firm produces as planned. If the realization of the demand variable
is unfavorable, the in-house firm’s employees re-negotiatelower wages and the firm produces as
planned. The sequence of events is repeated in the next period.

firms never face shutdown threats and never renegotiate wagerates.

It is however worth pointing out that it is not the lack of shutdown threats for specialized

firms that drives the results derived ahead. Because specialized firms employ either high-skill

or low-skill workers but not both, renegotiating wages in specialized firms would not have any

redistributive effect.

3 Intermediate Results

The following sections present some general results governing the decisions of firm owners and

workers. Due to the generality of the discussion some terms,such as profit rates or investment

costs, are not formally defined or properly subscripted. Formal definitions and proper subscripts

follow in later sections where the results, derived in this section, are applied.

3.1 In-house Firms

Starting a firm requires a capital investment ofIi . The depreciation rate of capital, whether used

or not, isδ. The demand for the firm’s product is uncertain, due to the market demand shock. It

is assumed that firm owners observe the realization of demandshocks after hiring employees.

The owner of a firm can shut down the firm in order to avoid payingwages, knowing that

variable costs will exceed revenues. The possibility for firm owners to terminate operations
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gives the model a foundation for wage bargains which is a central feature of the setup and

necessary to derive the results.

Owners of in-house firms and workers employed by in-house firms face two possible sce-

narios in every period. Either the firm owner threatens to shut down the firm and workers

renegotiate new wages, or the firm owner does not threaten to shut down the firm and workers

are paid the wage agreed upon at the beginning of the period. Uncertainty arises because the

demand for the in-house firm’s good is uncertain. This uncertainty carries over to profit and

wage rates, to price, as well as to revenues.

There exists an endogenous firm-specific threshold,d i , such that if the realization of the

stochastic demand variable,D̃i , is greater than or equal to this threshold,d̃i ≥ d i, then the firm

does notthreaten to shut down the firm. Note that the ˜· notation is used ford̃i since it is a

realization of a stochastic variable. The thresholdd i on the other hand is non-stochastic and

therefore not marked by .̃

If the realization of the demand variable is less than this threshold,d̃i < d i , then the firm

ownerdoesthreaten to shut down the firm. In the latter case, workers renegotiate wages to

motivate the firm owner to continue operations and not shut down the firm.

Demand uncertainty is described by the firm-specific stochastic variableD̃i , which is uni-

formly distributed with mean 1 and range 2∆. The cumulative density function for̃Di is denoted

by F(·) and is given by (III.1). Given the thresholdd i , the probability that the firm owner does

not threaten to shut down is 1−F (d i). From here on this probability is denoted by:

Qi ≡ Prob
(

d̃i ≥ d i
)

= 1−F (d i) . (III.4)

It follows immediately that the probability that the firm owner does threaten to shut down the

firm is 1−Qi = F (d i).

Due to the stochastic demand, the profit rate,Π̃i , the wage rates,̃Wi , the price of the good,

P̃i , and firm revenue,̃Ri , are also stochastic. In the derivation that follows it is often convenient

to rewrite expectations conditionally. For example consider the expected value of the wage rate,

E{Wi} :

E{Wi} = QiE
{

Wi
∣

∣d̃i ≥ d i
}

+(1−Qi)E
{

Wi
∣

∣d̃i < d i
}

.

Here,E
{

Wi
∣

∣d̃i ≥ d i
}

is the expected wage rate given that the firm owner does not threaten to

shut down (that is, it is known that the realization of the demand variable,d̃i, is greater than

d i) andQi is the probability that the firm owner does not threaten to shut down the firm; see



III.14 ESSAY III. FIRM FRAGMENTATION AND THE SKILL PREMIUM

(III.4). E
{

Wi
∣

∣d̃i < d i
}

is the expected wage rate given that the firm owner threatens to shut

down the firm and workers renegotiate wages. This happens only if d̃i < d i , which occurs with

probability 1−Qi ; again see (III.4).

Because it becomes cumbersome to write the conditional expectation operator everywhere,

the following notations are used.̃Wi denotes the wage rate, which is stochastic,Ŵi denotes the

wage rate given that the firm owner does not threaten to shut down the firm, andW̌i denotes the

wage rate given that the firm owner does threaten to shut down the firm. Given these definitions,

the expected wage rate can be written as:

E{Wi} = QiE
{

Ŵi
}

+(1−Qi)E
{

W̌i
}

. (III.5)

The wage rate was used as an example above, but the same notational convention is used for

the profit rate,Π̃i, firm revenue,R̃i , the price of the good,̃Pi, and the demand variable,D̃i . To

summarize, ˆ· and·̌ are used to distinguish the scenarios where the firm owner does not and does

threaten to shut down the firm, respectively. In terms of information sets, ˆ· is used if the only

information given is that the firm owner does not threaten to shut down the firm and ˇ· is used

if the only information given is that the firm owner does threaten to shut down the firm. Of

course this notation is only meaningful before the realization of the stochastic demand variable

is known. Once it is known, there is no uncertainty about profit rates, wage rates, or firm

revenues and given the notation convention stated earlier,lower case letters are used.

It is possible to simplify the analysis further by noting thefollowing. First, if the firm owner

shuts down the firm, the profit rate is simply the replacement cost of capital. If the firm owner

threatens to shut down the firm, workers will renegotiate wages such that the firm owner is

indifferent about shutting down the firm and keeping it alive. Therefore, the profit rate given

that the firm owner threatens to shut down the firm is simply−δIi , i.e. the replacement cost for

capital.

Second, given that the firm owner does not threaten to shut down the firm, wage rates are

not renegotiated and thereby not affected by the realization of the demand shock. Therefore the

wage rate given that the firm owner does not threaten to shut down the firm is simplyw. Note

thatw is determined at the start of the period and hence it is not stochastic.

The profit rate with respect to time is a stochastic variable,denoted byΠ̃i. Given the real-

ization of the the demand shock,d̃i , the owner of the firm can either shut down the firm, with a

non-stochasticprofit rate−δIi , or keep the firm alive, with the given profit rateπ̂i.

Let ṽi denote the value of a firm,after the outcome of the demand shock is realized, letρ
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denote the discount rate, and letṼ ′
i denote the value of the firm in the next period. ˜vi satisfies:

ṽi = max

{

π̂i +
E
{

Ṽ ′
i
∣

∣d̃i > d i
}

1+ρ
,−δIi +

Ii
1+ρ

}

. (III.6)

The first member of the set is the value of the firm given that theowner, knowing the real-

ization of the demand shock, decides to keep the firm alive. The second member of the set is

the value of shutting down the firm.

If the owner decides to keep the firm alive, the instantaneousprofit received iŝπi plus the

discounted continuation value. The continuation value isE
{

Ṽ ′
i

∣

∣d̃i > d i
}

, which is the expec-

tation operator, conditioned on the information that the firm was not shut down. However, it

is assumed that demand shocks are serially uncorrelated. Therefore, it is possible to replace

E
{

Ṽ ′
i

∣

∣d̃i > d i
}

by E{Vi}, i.e. the unconditional expectation operator.

If the owner decides to shut down the firm, he or she earns profits−δIi before selling the

capital, worthIi , at the end of the period.

The continuation value, keeping the firm alive, is the expectation of the next period value,

V ′
i . The expectation operator is necessary since the demand in the next period is unknown in

the current period. However, in equilibrium, the expected value of owning a firm must equal its

investment costs. Therefore:

E{Vi} = Ii. (III.7)

Hence, in the steady state equilibrium,E
{

V̂i
}

= E{Vi} in (III.6) can be replaced byIi. Simpli-

fying this implies:

ṽ = max{π̂i ,−δIi}+
Ii

1+ρ
. (III.8)

Naturally, the owner threatens to shut down the firm only if:

π̂i < −δIi . (III.9)

The profit rate if the firm owner does not threaten to shut down,Π̂i , is written in lower case

letters since the firm owner makes the decision of whether or not to threaten to shut down the

firm when the realization of the random variable is known, so that the profit rate iŝπi.

Qi denotes the probability that the firm ownerdoes notthreaten to shut down the firm. The
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expectedvalue of owning a firm in terms of conditional expectations can be found by rewriting

(III.6):

E{Vi} = Qi

[

E
{

Π̂i
}

+
E
{

Ṽ ′
i

∣

∣d̃i > d i
}

1+ρ

]

+(1−Qi)

[

−δIi +
Ii

1+ρ

]

. (III.10)

That is,Qi is the probability that the firm owner does not threaten to shut down and is defined

endogenously from the condition in (III.9).E
{

Π̂
}

is the expectation given that it is known that

the firm owner did not threaten to shut down the firm. That is, the realized profit rate is greater

than the profit rate if the firm owner threatens to shut down, i.e. π̂i ≥−δIi .

Simplifying E{Vi} using the steady state equilibrium condition,E
{

Ṽi
∣

∣d̃i > d i
}

= E{Vi}=

Ii implies:

E{Vi} =
1+ρ

ρ
[

QiE
{

Π̂i
}

− (1−Qi)δIi
]

= Ii. (III.11)

Notice that in a world without uncertainty and continuous time, this condition reduces to

π/ρ = Ii. Remember that this condition stems from the steady state equilibrium condition

E{Vi} = Ii, and holds due to free entry. New firms enter or leave at a rate such that the value of

starting a new firm is always zero. Solving forE
{

Π̂i
}

gives:

E
{

Π̂i
}

=
ρ+(1−Qi)(1+ρ)δ

(1+ρ)Qi
Ii . (III.12)

3.2 Workers

The economy is populated byHi +Hs high-skill workers andLi +Ls low-skill workers. TheHi

high-skill workers are employed by in-house firms, and theHs high-skill workers are employed

by firms specialized in producing intermediate goods necessary to assemble theY good.Li and

Ls are interpreted analogously.

In-house Workers

While the losses of firm owners are limited by the depreciation of capital and foregone interest

payments, workers are left without any wage payments if the firm is shut down. By assuming

that unemployment benefits are paid only if workers are unemployed at the beginning of the

period, workers and firm owners always reach an agreement in order to save the firm. Therefore
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workers always accept lower wage rates in order to assure that the owner does not shut down

the firm.

The firm owner acceptslossesless than the capital replacement costδIi; see (III.9). Profits

are defined including capital replacement costs; that is, revenues minus the wage bill minus

capital replacement costs:̃Πi = R̃i −wbi − δIi . The owner therefore shuts down the firm if

r̃ < wb, i.e. if the revenue realization is insufficient to cover variable costs. Again, lower case

letters are used in the condition, since firm owners base their decision on the realization of

revenues and the non-stochastic wage bill.

To save the firm, workers must agree on wage rates such that wage costs are covered by

revenues. Utility maximizing employees naturally agree onwage rates such that the owner is

indifferent about shutting down the firm and keeping it alive. That is, workers renegotiate wages

such that wage costs equal revenues,wb= r̃. Therefore, the firm is never shut down.

The wage rate paid to workers depends on whether the firm owneris inclined to shut down

the firm or not. Expected wages of workers satisfy:

E{Wi} = Qiw+(1−Qi)E
{

W̌i
}

. (III.13)

The expected wage rate for workers is simply the sum of the expected value if the firm owner

does not threaten to shut down and the expected value if the firm owner threatens to shut down,

weighted by the appropriate probabilities. From (III.9) itis clear that the firm owner threatens

to shut down if and only if̂πi < −δIi , which occurs with probability 1−Qi.

The wage rate paid if the firm owner does not threaten to shut down is non-stochastic and

the expected value, conditioned on the information that thefirm owner does not threaten to shut

down is simplyw.

Given only the information that the firm owner threatens to shut down the firm, i.e. that̂πi <

−δIi , there is a range of possible realizations for the demand variable satisfying this condition.

Each such realization implies a different wage rate if the workers of the firm agree on lowering

their wage rates. Therefore the wage rate, if the firm owner threatens to shut down, is stochastic

and the expectation must be conditioned on the information that π̂i < −δIi , hence the use of

E
{

W̌i
}

.

Bargaining Positions

In the Nash solution to the bargaining problem, the difference between the parties’ outside op-

tions is the major determinant of the outcome. In order to determine the outside option of high-
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skill workers and low-skill workers, every worker’s lifetime utility, employed and unemployed,

must be derived.

There is frictional unemployment, implying that unemployed workers cannot find employ-

ment instantaneously. An unemployed worker receives unemployment benefits. The unem-

ployment benefit is a fraction,ub, of the worker’s average, i.e. expected, wage. Therefore the

unemployment benefit isubE{Wi}. Note that an unemployed low-skill worker receives a frac-

tion of the average wage of low-skill workers, while a high-skill worker receives a fraction of

the average wage of high-skill workers. In both cases this fraction isub. Let E{Ji} denote the

expected discounted lifetime utility of a currently employed worker , and letE{Ui} denote the

expected discounted lifetime utility of a currently unemployed worker. In steady state,E{Ji}
andE{Ui} satisfy:

E{Ji} = E{Wi}+
E{Ji}
1+ρ

(III.14a)

E{Ui} = ubE{Wi}+
θE{Ji}+(1−θ)E{Ui}

1+ρ
. (III.14b)

Employed workers are paid the stochastic wage rateW̃i and the expected continuation value

is E{Ji}. Note that firms are never shut down due to adverse demand shocks, since high-skill

and low-skill workers always reach an agreement on lower wages. The unemployed worker

receives unemployment benefits equal toubE{Wi}, becomes employed in the next period with

probabilityθ, and stays unemployed with probability 1−θ. Theθ coefficient parameterizes the

matching quality in the labor market. Solving forE{Ji} andE{Ui} implies:

E{Ji} =
1+ρ

ρ
E{Wi} (III.15a)

E{Ui} =
1+ρ

ρ
ρub+θ
ρ+θ

E{Wi} . (III.15b)

This specification implies a logic inconsistency. If workers do not face any risk of becoming

unemployed, in the long run the economy must converge to fullemployment. The common

solution to this problem is to add an exogenous shock such that the firm is shut down with

some exogenous probability. The analysis in this paper can easily be extended in that direction

without changing any of the results. However, to minimize the notation 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 low-skill workers negotiate new

wage rates via union representatives in order to motivate the firm owner not to shut down. Let

ř i denote the revenues to be distributed among high-skill and low-skill workers. The lower case

notation is used since negotiations are done ex post the realization of the demand variable and

the revenue of the firm is known to all parties. The outcome is described by the Nash solution

for the bargaining problem whereγ denotes the bargaining power of high-skill workers, and

1− γ the bargaining power of low-skill workers. The share of revenues captured by high-skill

workers,ψ∗, is the share of revenues which maximizes the Nash product:

ψ∗ = argmax

ψ
γ log

[

ψř i

hi
+

E
{

J′ih
}

−E
{

U ′
ih

}

1+ρ

]

+

(1− γ) log

[

(1−ψ)ř i

l i
+

E
{

J′il
}

−E
{

U ′
il

}

1+ρ

]

. (III.16)

The expected lifetime utility can be decomposed into an instantaneous pay-off and a contin-

uation value. The instantaneous pay-off for high-skill workers, if the parties reach an agreement,

is ψ times the revenues of the firm, ˇr i, divided by the number of high-skill time units employed,

hi . The continuation value is the discounted lifetime utilitybeing employed.

If the parties cannot reach an agreement, the firm is shut downand the high-skill worker

becomes unemployed. His or her continuation value and expected discounted lifetime utility is

in this caseE
{

U ′
ih

}

/(1+ρ), which is the threat point of high-skill workers. This specification

is a consequence of the assumption that unemployed workers do not receive any unemployment

benefits the period they become unemployed.

Given thatψ denotes the share of revenues captured by high-skill workers, the share of

revenues captured by low-skill workers is 1−ψ. The interpretation of the second term, i.e. the

bargaining position of low-skill workers, is analogous. Solving this problem forψ∗:

ψ∗ = γ+ γl i
E
{

J′il
}

−E
{

U ′
il

}

(1+ρ)ř i
− (1− γ)hi

E
{

J′ih
}

−E
{

U ′
ih

}

(1+ρ)ř i
. (III.17)

In steady state,E{J′i } = E{Ji} andE{U ′
i } = E{Ui}. ReplacingE

{

J′ih
}

−E
{

U ′
ih

}

and

E
{

J′il
}

−E
{

U ′
il

}

using (III.15a) – (III.15b) simplifies the steady state bargaining outcome such
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that:

ψ∗ = γ+ γ(1−ub)l i
E{Wil }

(ρ+θil )ř i
− (1− γ)(1−ub)hi

E{Wih}
(ρ+θih)ř i

. (III.18)

4 Firms Revisited

The following sections derive the optimal management of firms, or how to maximize the rate

of profit given the firm owners decision of whether or not to produce. Hence, derivations in the

following section pin down the flows generated by firms, such as profit, wage, and employment

rates. This is in contrast to the problem of the firm owners, such as whether or not to keep

the firm alive or when to invest, which was analyzed in previous sections. It is assumed that

there is no conflict in the objectives of owners and managers,so those words can be used

interchangeably.

The first sub-section analyzes in-house firms, while the second sub-section analyzes frag-

mented and specialized firms. In-house firms must commit to anemployment choice ex ante the

realization of the demand shock, while fragmented firms purchase intermediate goods ex post

the realization of the demand shock.

Quantities referring to in-house firms are subscripted by ani and quantities referring to

fragmented firms are subscripted by af . Quantities derived from an optimization problem are

superscripted by∗. As before, ˆ· and ·̌ are used to distinguish scenarios where firm owners

do not threaten to shut down the firm and where firm owners do threaten to shut down the firm,

respectively.

4.1 In-house Firms

The choices of in-house firm owners involve shutting down thefirm or keeping it alive. The

firm owner must commit to an employment choice prior to deciding whether or not to threaten

to shut down the firm. This is a reasonable assumption if demand changes frequently, relative

to the turnover rate of workers.

Before deriving the optimal choices of firm owners, rememberthat the profit rate if the

firm owner shuts down the firm is the non-stochastic capital replacement cost, equal to−δIi .

Given that the firm owner does not threaten to shut down the firm, the wage rate for high-skill

workers is non-stochastic and equalswih, while the wage rate for low skill workers, which is

also non-stochastic, iswil .
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In-house firms produce theX andZ goods by hiring high-skill and low-skill workers. Aug-

menting the production functions in (III.3a) by ani subscript for in-house firms gives

xi = hi zi = l i yi = xα
i z1−α

i (III.19)

wherehi is the firm’s total use of high-skill labor andl i is the firm’s total use of low-skill labor.

The firm owner maximizes the expected profit rate:

E{Πi} = QiE
{

Π̂i
}

yi − (1−Qi)δIi .

The first term captures the expected profit rate, if the firm owner does not threaten to shut down

the firm. The second term captures the non-stochastic profit rate, if the firm owner threatens to

shut down the firm. The profit rate if the firm owner does not threaten to shut down the firm is

Π̂i = P̂iyi −wihhi −wil l i −δIi

where the inverse demand function, given by (III.2a), restricts the owners feasible choices ofyi .

The price of the consumption good is written in upper case since it, via (III.2a), is stochastic.

Note thatyi is certain since the firm owner can control the number of workers to employ and

thereby the output of the firm, hence alsohi and l i are non-stochastic. Even though the wage

rates are stochastic, the wage rates conditional on the firm owner not threatening to shut down,

are not. Hencewih andwil are used.

The problem for the firm owner is complicated by the fact that the probability that the firm

owner will not find it optimal to threaten to shut down the firm,Qi , depends on the choice of

employment,hi and l i . That is, a rational firm owner must take into account the impact of his

or her employment choice today, on the probability that he orshe will threaten to shut down the

firm during the period.

There exists a minimal realization ofD̃i , the stochastic demand variable, such that the firm

owner is willing to keep producing. This threshold value, denotedd i , is defined by relation

(III.9) as:

π̂i = −δIi
d̃i = d i

. (III.20)

The probability that the firm owner is not inclined to threaten to shut down the firm, givend i ,
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is simplyQi = 1−Fi(d i). The cumulative density function,Fi(·), is in turn given by (III.1).

Employment and Firm Size

The problem solved by the firm owner in order to determine employment of high-skill and

low-skill workers becomes:

max

d i ,hi, l i

[1−F(d i)]
[

E
{

P̂i
}

yi −wihhi −wil l i
]

−δIi

s.t. (III.2a), (III.19), (III.20).

The wage rates for high-skill and low-skill labor, taken as given by the firm, are denotedwih

andwil , respectively. These wage rates are called the competitivewage rates and are paid to

workers, only if the firm owner decides to keep the firm alive. Due to capital depreciation, the

firm owner must payδIi to replace depreciated capital.

The solution to this problem is derived in Appendix III.B andthe unique maximizing choice

of (d i ,hi, l i) is:

d∗
i =

{

(1−β)(1+∆)
1+β β ≤ ∆

1−∆ β > ∆
(III.21a)

h∗i
β = (1−β)E

{

D̂∗
i

}

[

C
p

]β [ α
wih

]1−(1−α)(1−β) [1−α
wil

](1−α)(1−β)

(III.21b)

l∗i
β = (1−β)E

{

D̂∗
i

}

[

C
p

]β [ α
wih

]α(1−β) [1−α
wil

]1−α(1−β)

. (III.21c)

As is shown in Appendix III.B there are two solutions. If the variation in demand is small

compared to the degree of market power,∆ < β, firm owners never find it optimal to exercise

the option to shut down the firm. In this cased∗
i = 1−∆, Q∗

i = 1 andE
{

D̂∗
i

}

= E{Di} = 1.

The more interesting case, where firm owners occasionally exercise their right to shut down

the firm, applies in the opposite case, when the variation in demand is large compared to the

degree of market power, , i.e.β ≤ ∆. In this case the firm owner threatens to shut down the firm

if the realization ofD̃i is less thand∗
i = (1−β)(1+∆)/(1+β) andE

{

D̂∗
i

}

> E
{

D̃i
}

.

This of course implies that market power in the product market shelters workers from vari-

ation in wages, i.e. risk, and can be welfare improving if insurance markets are absent and

workers are risk averse. Given the shutdown threshold,d∗
i , it is possible to compute the differ-
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ent conditional expectations of the demand variable:

E
{

D̂∗
i

}

= E
{

D̂i
}

d∗
i

=

{

1+∆
1+β β ≤ ∆
1 β > ∆

(III.22a)

E
{

Ď∗
i

}

= E
{

Ďi
}

d∗
i

=

{

1−β∆
1+β β ≤ ∆

1−∆ β > ∆
. (III.22b)

A firm owner threatens to shut down the firm with probability 1−Qi, i.e. only if d̃i < d∗
i . The

probability that the firm owner does not threaten to shut downthe firm is therefore 1−F (d∗
i ).

From the definition of the cumulative density function in (III.1), and the solution to the profit

maximization problem in (III.21a), it follows that:

Q∗
i = Qi

d∗
i

=

{

1+∆
∆

β
1+β β ≤ ∆

1 β > ∆
. (III.23)

This implies that as demand uncertainty increases (∆ closer to unity), the probability that firm

owners pay the competitive wage rate decreases. Hence, greater demand uncertainty tends to

increase the competitive wage rate but also to decrease the probability that the worker receives

the competitive wage rate. The neatest property ofQ∗
i is that it is independent of endogenous

variables.Q∗
i only depends on two parameters: the variation in demand,∆, and the preference

for variety,β.

It is difficult to predict the effect of greater market power,i.e. more preference for variety, on

the size of the firm sinceβ is present in the exponents in the expressions forhi andl i . However,

an interesting result concerning the effect of shutdown threats and firm size is easily obtained:

Proposition III.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. paying thewage bill, greater demand uncer-

tainty (∆ greater) implies larger firms.

Proof The result that firm size increases with demand uncertainty is easily verified by noting

that the derivative ofhi andl i with respect to∆ is greater than zero.

It might appear surprising that firm size increases with uncertainty. However, as noted in

Section 2.2, the revenue function is linear with respect to the demand shock. This in turn implies
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that the risk neutral firm owner, without the option to shut down the firm, is not affected by a

mean preserving spread in demand. Hence, if the variation indemand increases, this firm owner

does not change the employment level, and the expected profitrate stays unchanged.

However, given the option to shut down the firm, the expected profit rate must increase, or at

least not decrease. This follows because the firm owner can choose to ignore the option to shut

down the firm. However, as is shown above, the firm owner does indeed occasionally utilize the

option to shut down the firm, ifβ ≤ ∆. By hiring more workers and threatening to shut down

the firm in case of sufficiently low demand, the firm owner can increase the expected profit rate.

If β > ∆ the firm owner never threatens to shut down the firm.

Hi and Li denote aggregate employment of high-skill and low-skill workers by in-house

firms. Becauseh∗i andl∗i are identical across in-house firms, no variable on the righthand side

is firm specific. The competitive wage rates are easily obtained by integrating labor demand

over the range of in-house firms and solving forwih andwil :

wih = α(1−β)E
{

D̂∗
i

} Ki

Hi

[

C
p

]β
[

Hα
i L1−α

i

Ki

]1−β

(III.24a)

wil = (1−α)(1−β)E
{

D̂∗
i

} Ki

Li

[

C
p

]β
[

Hα
i L1−α

i

Ki

]1−β

. (III.24b)

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

imizing firms, taking the wage rate as given. However, they are not identical to wage rates on

perfectly competitive markets since firms do not take the price of their output as given. The

relative competitive wage rates reduce to the standard Cobb-Douglas case where the relative

wage is determined by relative employment and the elasticity of substitution between high-skill

and low-skill labor.

The wage rates are easily interpreted. Given the Dixit and Stiglitz preferences, workers are

paid a share of revenues equal to 1−β, while firm owners receive the remaining share,β. Due to

the Cobb-Douglas production function, high skill workers,as a group, receive a fraction equal to

α while low-skill workers, as a group, receive the remaining part, as will be clear below. Hence,

competitive wage rates increase one-to-one with expected productivity. This in turn implies

that the competitive wage rates increase with greater demand uncertainty, i.e.∆ closer to unity.

The interpretation is straightforward with greater variation in demand, the threshold for not

threatening to shut down the firm is higher; see (III.21a). Therefore the expected competitive

wage rate is higher. It is of course important to remember that changing demand uncertainty,
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∆, also changes the probability that the firm owner does not threaten to shut down the firm and

pays the workers the competitive wage rates.

Entry and Exit

The expected profit rateE
{

Π̂i
}

can be reduced using the competitive wage rate expressions,

(III.24a) and (III.24b), together with the symmetric employment conditions,hi = Hi/Ki and

l i = Li/Ki:

E
{

Π̂i
}

= βE
{

D̂∗
i

}

[

C
p

]β
[

Hα
i L1−α

i

Ki

]1−β

−δIi .

New firms enter or existing firms leave the market unless the value of owning an in-house firm

equals the initial investment cost. This occurs unless (III.12) is satisfied. The steady state

equilibrium number of in-house firms is be:

Ki =

[

βQ∗
i E
{

D̂∗
i

} 1+ρ
[ρ+δ(1+ρ)] Ii

] 1
1−β
[

C
p

]
β

1−β
Hα

i L1−α
i . (III.26)

This relation provides a necessary condition for determining the number, i.e. range, of in-house

firms in the steady state equilibrium. Because capital can beresold if the firm is shut down, the

only real cost of starting a firm is the capital depreciation,δ > 0, and the inter-temporal cost of

giving up Ii while the firm is operating. The latter cost hinges onρ > 0. Without depreciation

and without impatience,ρ = δ = 0, the cost of starting a firm is zero, and the steady state

equilibrium number of firms must equal infinity, i.e.Ki → ∞.

The following results are easily verified and most of them areintuitive:

• Higher investment costs decrease the number of firms.

• A higher rate of depreciation decreases the number of firms.

• More impatient investors decreases the number of firms.

• More demand uncertainty decreases the number of firms.

The first three results are intuitive while. The last result is an equilibrium result. There is a fixed

number of workers and more demand uncertainty increases thefirm size, hence in equilibrium

the number of firms must decrease. The effect of greater market power, β greater, is again

ambiguous sinceβ appears in the exponents in (III.26).
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Wages

If the firm owner does not threaten to shut down the firm, the competitive wage rates, denoted

wih andwil , are paid to high-skill and low-skill workers. These wage rates are non-stochastic

but depend on the variation in demand,∆, and the preference for variety, i.e. the degree of mar-

ket power,β. If the firm owner credibly threatens to shut down the firm, high-skill and low-skill

workers negotiate new wage rates. The negotiated wage rate for high-skill workers is stochas-

tic and denoted by̌Wih and the negotiated wage rate for low-skill workers, also stochastic, is

denoted byW̌il .

The expected wage rate of high-skill workers,E
{

W̃ih
}

, is the probability that the firm owner

does not threaten to shut down the firm,Q∗
i , times the non-stochastic competitive wage ratewih,

plus the probability that the firm owner threatens to shut down the firm, 1− Q∗
i , times the

conditional expectation of the stochastic negotiated wagerate,E
{

W̌ih
}

. The expected wage

rate for low-skill workers,E
{

W̃il
}

, is analogous. Therefore:

E
{

W̃ih
}

= Q∗
i wih +(1−Q∗

i )E
{

W̌ih
}

(III.27a)

E
{

W̃il
}

= Q∗
i wil +(1−Q∗

i )E
{

W̌il
}

. (III.27b)

The firm’s revenue is stochastic and denotedR̃i . Because all in-house firms are ex-ante identical,

they employ the same amount of high-skill and low-skill labor units, namelyHi/Ki andLi/Ki

respectively, implying that revenues for an in-house firm reduce to:

R̃i = D̃i

[

C
p

]β
[

Hα
i L1−α

i

Ki

]1−β

. (III.28)

The negotiated wage rates for high-skill and low-skill workers equalW̌ih = ψ∗ŘiKi/Hi andW̌il =

(1−ψ∗)ŘiKi/Li , respectively. The share of revenues captured by high-skill workers,ψ∗, is

given by the Nash solution to the bargaining problem in (III.16). By comparing firm revenue,

see (III.28), and the competitive wage rates, see (III.24a)and (III.24b), the competitive wage

rates can be rewritten in terms of firm revenue. Hence:

W̌ih = ψ∗Ři
Ki

Hi
wih = α(1−β)

Ki

Hi
E
{

R̂i
}

(III.29a)

W̌il = (1−ψ∗)Ři
Ki

Li
wil = (1−α)(1−β)

Ki

Li
E
{

R̂i
}

. (III.29b)
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The expected wage rates for in-house high-skill and low-skill workers can in turn be written:

E{Wih} =
[

α(1−β)Q∗
i E
{

R̂i
}

+(1−Q∗
i )E

{

ψ∗Ři
}] Ki

Hi

E{Wil } =
[

(1−α)(1−β)Q∗
i E
{

R̂i
}

+(1−Q∗
i )E

{

(1−ψ∗)Ři
}] Ki

Li
.

It is now possible to solve forE
{

ψ∗Ři
}

andE
{

(1−ψ∗)Ři
}

by using the Nash solution for the

bargaining problem; see (III.18). To do so, replaceE{Wih} andE{Wil } in (III.18) using the

expected wage expressions above. After some cumbersome algebra

E
{

ψ∗Ři
}

=
γρih [ρil +(1−Q∗

i )(1−ub)]E
{

Ři
}

ρihρil +(1−Q∗
i )(1−ub) [γρih +(1− γ)ρil ]

− Q∗
i (1−ub)(1−β) [α(1− γ)ρil − γ(1−α)ρih]E

{

R̂i
}

ρihρil +(1−Q∗
i )(1−ub) [γρih +(1− γ)ρil ]

(III.31a)

E
{

(1−ψ∗)Ři
}

=
(1− γ)ρil [ρih +(1−Q∗

i )(1−ub)]E
{

Ři
}

ρihρil +(1−Q∗
i )(1−ub) [γρih +(1− γ)ρil ]

+
Q∗

i (1−ub)(1−β) [α(1− γ)ρil − γ(1−α)ρih]E
{

R̂i
}

ρihρil +(1−Q∗
i )(1−ub) [γρih +(1− γ)ρil ]

(III.31b)

where

ρih ≡ ρ+θih ρil ≡ ρ+θil .

The expressions above are quite messy. Most interestingly,equal bargaining powerγ = 1/2,

similar discount rates and labor market conditions for high-skill and low-skill workers, i.e.

ρih = ρil andα > 1/2, imply thatwih > wil , andE
{

(1−ψ∗)Ři
}

> E
{

ψ∗Ři
}

.

With probability 1−Q∗
i , high- and low-skill workers are paid the negotiated wage rates,W̌ih

andW̌il . These are easily rewritten in terms of the competitive wagerates,wih andwil , by use

of (III.29a) and (III.29b). The expected negotiated high-skill wage rates are:

E
{

W̌ih
}

=
1

(1−β)

E
{

ψ∗Ři
}

αE
{

R̂i
} wih

E
{

W̌il
}

=
1

(1−β)

E
{

(1−ψ∗)Ři
}

(1−α)E
{

R̂i
} wil .



III.28 ESSAY III. FIRM FRAGMENTATION AND THE SKILL PREMIUM

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

E{Wih} =

[

Q∗
i +

1−Q∗
i

(1−β)

E
{

ψ∗Ři
}

αE
{

R̂i
}

]

wih (III.32a)

E{Wil } =

[

Q∗
i +

1−Q∗
i

(1−β)

E
{

(1−ψ∗)Ři
}

(1−α)E
{

R̂i
}

]

wil . (III.32b)

The relative competitive wage rate reduces to the standard Cobb-Douglas relative wage. That

is, from (III.24a) and (III.24b) it follows that:

wih

wil
=

α
1−α

Li

Hi

Using (III.32a) and (III.32b) it is straightforward to showthat:

E{Wih}
E{Wil }

≤ wih

wil
⇐⇒ E

{

ψ∗Ři
}

E
{

(1−ψ∗)R̂i
} ≤ α

1−α
. (III.33)

If this condition is fulfilled, then the possibility for owners to shut down the firm increases

the relative wage of low-skill workers compared to high-skill workers. By imposing symmetry

conditions, i.e.ρih = ρil andγ = 1/2, in (III.31a) and (III.31b) this is clearly true forα > 1/2,

while not true forα < 1/2. This implies that shutdown threats moderate wage differences across

skills since relative wages are determined by bargains if the firm owner threatens to shut down

the firm.

In the simplest case with a 100 percent replacement rate in case of unemployment, i.e.

ub = 1,ψ∗/(1−ψ∗) reduces toγ/(1−γ). A lower replacement ratio (ub closer to zero) decreases

the outside option of high-skill and low-skill workers. This benefits low-skill workers relative

to high-skill workers, because the surplus to bargain over,which is divided equally ifγ equals

1/2, increases. While it is difficult to verify this claim algebraically, numerical examples (see

below) support this intuitive conjecture.

This completes the description of in-house firms. Taking employment, i.e. Hi andLi , as

given, all endogenous in-house firm variables are pinned down, either explicitly or implicitly.

4.2 Fragmented and Specialized Firms

The following section analyzes fragmented and specializedfirms. Fragmented firms subcontract

production of intermediate goods to specialized firms. There are two types of specialized firms:
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producers of theX good, i.e. the high-skill intermediate good, and producersof theZ good, i.e.

the low-skill intermediate good.

The markets for intermediate goods are not analyzed in detail. Due to either transaction

costs or non-competitive markets, the markup over marginalcost ismx for theX good andmz

for theZ good. Since theX good is produced by a constant returns to scale technology inhigh-

skill labor only, the price of theX good is simply the markup times the wage rate for high-skill

labor, i.e.mxwsh. Analogously, the price of theZ good ismzwsl, wherewsl is the wage rate for

low-skill workers andmz is the markup factor over marginal cost.

Specialized firms, i.e producers of theX or Z good, supply the intermediate good to a

continuum of fragmented firms. Therefore, by the mean value theorem, the aggregate demand

faced by a producer of theX or Z good is certain. It is assumed that anyX or anyZ good can

be sold to any fragmented firm which implies that fragmented firms can choose the quantity of

intermediate goods to use ex post the realization of the demand shock. This assumption can

be rationalized if transport time and transport costs are negligible, so that specialized firms are

indifferent about which fragmented firm purchases their products.

Fragmented Firms

The owner of a fragmented firm maximizes profit by solving:

π̃ f = p̃f yf

D̃ f = d̃f

−mxwshhs−mzwslls−δI f .

The first term is total revenue, given that the realization ofthe stochastic demand variable is

df . The next two terms are the costs of purchasing the high-skill intermediate good (X) and the

low-skill intermediate good (Z). The last term is the cost of replacing depreciated capital. The

quantity purchased of theX good is denotedhs. Since the production technology for theX good

maps one unit of high-skill labor into one unit of theX good,hs also denotes high-skill labor

requirements. Thels symbol is interpreted analogously.

This specification implies that specialized firms supply intermediate goods on demand, that

isale ex post the realization of the demand variables. This is reasonable since every specialized

firm supplies intermediate goods to a large number, i.e. a continuum, of fragmented firms.

Since there is no aggregate demand uncertainty, the idiosyncratic demand shocks observed by

fragmented firms sum to zero and specialized firms face a certain demand.
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To solve the problem of the owner of a fragmented firm, replacep̃f yf using the inverse

demand function in (III.2b), then replaceyf using the production function in (III.3b), and finally

replacexf andzf using the production functions in (III.3a). The problem forthe firm owner is

to maximize:

π̃ f = d̃f

[

C
p

]β
hα(1−β)

s l (1−α)(1−β)
s −mxwshhs−mzwslls−δI f .

Be careful to notice thaths andls do not denote employment of high-skill and low-skill workers,

instead they denote the quantity purchased of the intermediate goods (theX andZ goods) neces-

sary to assemble theY good. Solving this problem is straightforward. The first order conditions

are:

α(1−β)d̃f

[

C
p

]β
hα(1−β)−1

s l (1−α)(1−β)
s = mxwsh (III.34a)

(1−α)(1−β)d̃f

[

C
p

]β
hα(1−β)

s l (1−α)(1−β)−1
s = mzwsl. (III.34b)

Solving this system forhs andls, or the demand for theX andZ good, is straightforward:

hs =

{

(1−β)d̃f

[

C
p

]β[ α
mxwsh

]1−(1−α)(1−β) [1−α
mzwsl

](1−α)(1−β)
}1/β

(III.35)

ls =

{

(1−β)d̃f

[

C
p

]β[ α
mxwsh

]α(1−β) [1−α
mzwsl

]1−α(1−β)
}1/β

. (III.36)

The total supply of high-skill labor employed by firms producing theX (Z) good isHs (Ls),

and since theX (Z) technology maps one unit of high-skill (low-skill) labor into one unit of

theX (Z) good,Hs (Ls) is also the aggregate supply of theX (Z) good. The reduced first order

conditions above give the demand for theX andZ goods by a single fragmented firm. Aggregate

demand is easily obtained by integrating over the continuumof fragmented firms. Clearing the

market for high-skill and low-skill labor implies that the equilibrium wage rates must satisfy:

wsh =
α(1−β)

mx

[

C
p

]β
[

E
{

D̃1/β
f

}]β K f

Hs

[

Hα
s L1−α

s

K f

]1−β

(III.37)

wsl =
(1−α)(1−β)

mz

[

C
p

]β
[

E
{

D̃1/β
f

}]β K f

Ls

[

Hα
s L1−α

s

K f

]1−β

. (III.38)
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Entry and Exit

To find the expected profit rate it is necessary to find each fragmented firm’s relative use of the

X andZ good, meaning it is necessary to findhs/Hs and ls/Ls. The hs and ls differ among

fragmented firms since different firms experience differentdemand shocks. Aggregating using

(III.35) and (III.36), it is easy to see that:

hs

Hs
=

d̃1/β
f

E
{

D̃1/β
f

}

1
K f

ls
Ls

=
d̃1/β

f

E
{

D̃1/β
f

}

1
K f

. (III.39)

First inserting the first order conditions in (III.34a) and (III.34b) into the objective function,

(III.34), then replacinghs andls using the relative use of theX andZ good above, the profit rate

of a fragmented firm becomes:

π̃ f = β
d̃1/β

f
[

E
{

D̃1/β
f

}]1−β

[

C
p

]β[Hα
s L1−α

s

K f

]1−β

−δI f . (III.40)

The initial cost for starting a fragmented firm isI f . Unless the value of owning a fragmented

firm equals the initial investment cost, new firms are startedor existing firms are shut down. In

the steady state equilibrium, (III.12) must be satisfied. Using (III.12), lettingQi = 1, I = I f , and

E
{

Π̂i
}

= E
{

Π̃ f
}

provides the equation necessary to solve forK f :

K f =

[

β
I f

1+ρ
(ρ+(1+ρ)δ)

]
1

1−β





CE
{

D̃1/β
f

}

p





β
1−β

Hα
s L1−α

s .

It is interesting to compare this relation with the corresponding expression for in-house firms

in (III.26). Treatingp as given and looking at either a pure in-house equilibrium,Hi = H and

Li = H, or a pure fragmented equilibrium,Hs = H andLs = L, the difference in the range of

variations of the consumption good is determined by the difference in the expectation of the

demand shock,̃D. If
[

E
{

D̃1/β
f

}]β
≥ Q∗

i E
{

D̃∗
i

}

the range of variations in the fragmented

equilibrium exceeds the range of variations in the in-houseequilibrium.
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4.3 Firms Summary

The only endogenous variables left to determine are the employment variables, i.e.Hi, Li ,

Hs, andLs. To solve for the employment variables, some long run steadystate equilibrium

conditions are necessary.

5 Equilibrium results

This section discusses some of the results that are possibleto derive from the model. Results

based on closed form solutions are complemented by figures. First the model is used to analyze

what factors affect a potential firm owner’s choice to start an in-house or a fragmented firm.

Next the effect from shutdown threats on the skill premium isdiscussed. Finally the results are

illustrated in a numerical example where the skill premium is graphed for various parameter

values.

5.1 Steady State Equilibria

To solve for the steady state equilibrium it is necessary to determineHi, Li , Hs andLs. Appendix

III.C shows how to determine the type of equilibrium that will exist, using the steady state

equilibrium conditions:

E
{

W̃ih
}

= wsh E
{

W̃il
}

= wsl. (III.41)

The equilibrium conditions, which simply state that expected wage rates must be equal in in-

house and specialized firms, are a bit simplified. While the proper conditions should be written

in terms of lifetime utilities, simplifying them does not alter the results qualitatively, but rather

simplifies the exposition.

From Appendix III.C it follows that the economy will be in a fragmented equilibrium only

if ∆Ii f is positive where∆Ii f is defined as:

∆Ii f =

[

ws

Q∗
i wi

]1/β






1
(

mxGih
Q∗

i

)α(mzGil
Q∗

i

)1−α







1−β
β

Ii − I f > 0. (III.42)

If this condition is violated, the economy will be in an in-house equilibrium. The interpretation
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is quite simple. If the investment cost for fragmented firms is large relative to in-house firms,

an in-house equilibrium is more likely, and vice versa. Thisfollows from the relation between

I f andIi in the expression for∆Ii f .

Themx andmz parameters determine the markup factor over marginal cost for specialized

firms producing intermediate goods, i.e. producers of theX andZ goods. The parameters can

be interpreted as the degree of competitiveness in the market for theX andZ good. A largerm

implies less competitive markets which in turn implies higher prices of intermediates goods. An

intuitive conjecture is that a higher degree of market powerfor specialized firms should decrease

the likelihood of a fragmented equilibrium, which is also verified 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 demand, it is assumed that all

workers are identical. This assumption sidesteps any distributional consideration and simplifies

the expressions. To see this, note that ifα = γ = 1/2 andρih = ρil , it follows thatGih = Gil

andGα
ihG1−α

il /Q∗
i is independent of∆. The only remaining term depending on the variation in

demand, i.e. depending on∆, is:

ws

Q∗
i wi

=

[

E
{

D̃1/β
f

}]β

Q∗
i E
{

D̂∗
i

} . (III.43)

To see how the right hand side follows from the left hand side,see the definitions in Appendix

III.C. To analyze the numerator, note that since

∂E
{

D̃1/β
f

}

∂∆
=

(1+∆/β)(1−∆)1/β− (1−∆/β)(1+∆)1/β

2(1+1/β)∆2 , (III.44)

it follows that:

∂
[

E
{

D1/β
f

}]β

∂∆
> 0.

This relation tells that the value of a fragmented firm increases due to a mean preserving spread

in demand. The rationale for this result follows from the demand function derived in Section

2.2. If a firm owner must commit to an employment choice beforethe demand shock is revealed,

a mean preserving spread in demand does not affect the value of the firm. However, an owner of

a fragmented firm has the option to choose the production level ex post the demand realization,

and this extra option must increase, or at least not decrease, the expected profit and thereby the
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Table III.2: Default Parameter Values

δ = 1/10 ρ = 1 Ii = I f = 1
θih = θil = 1/2 C = 1 H = L = 1

value of the firm.

Turning to the denominator, whenβ > ∆ the denominator is simply 1. However, expanding

Q∗
i E
{

D̂∗
i

}

assuming thatβ ≤ ∆ and using (III.23) and (III.22a) gives:

Q∗
i E
{

D̂∗
i

}

= β
∆

[

1+∆
1+β

]2

β < ∆

. (III.45)

The derivative of this expression with respect to∆ is clearly negative. The analysis of the nu-

merator and the denominator implies that if workers are identical, a greater variation in demand

implies that a fragmented equilibrium is more likely. This implies that the value derived from

the option to purchase intermediate goods ex post the realization of the demand shock increases

as the variation in demand increases, relative to the value of having the option to shut down the

firm.

In Figure III.3 relation (III.42) is graphed. If∆Ii f is greater than zero the equilibrium is

a fragmented equilibrium; otherwise it is an in-house equilibrium. Figure III.3(a) verifies that

increasing the variation in demand pushes the economy towards a fragmented equilibrium.

Figures III.3(a) and III.3(b) indicate thatβ has an ambiguous effect on the type of equilib-

rium. Note that in Figure III.3(a) the potential fragmentedequilibrium is heavily distorted by

non-competitive markets for intermediate goods; the markup over marginal cost is 100%. If∆
is small, increasingβ pushes the economy towards a fragmented equilibrium. If∆ is close to

unity, increasingβ has a less clear effect.

A greaterβ decreases the frequency of shutdown threats, bringing the in-house equilibrium

closer to a competitive equilibrium where firm owners maximize expected profits and cannot

dismiss workers ex post the realization of the demand shock.A larger β also decreases the

effect of the demand shock on revenues, thereby decreasing the value of choosing employment

ex post the realization of the demand shock, an option only available for owners of fragmented

firms. This implies that increasingβ brings (III.43), i.e. the first bracketed term in (III.42),

closer to unity from above.
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Figure III.3: Equilibrium Type
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For ∆Ii f < 0 only in-house firms operate in the steady state equilibrium; otherwise only fragmented
firms do. See Table III.2 for default parameter values.

The second effect from increasingβ is that Gih
Q∗

i
and Gil

Q∗
i

approach unity from above. There-

fore, the term within the second brackets in (III.42) approachesm−α
x mα−1

z from below asβ
increases. However, due to the(1−β)/β exponent the entire second term in (III.42) approaches

unity from below asβ increases. This tends to push the economy towards a fragmented equilib-

rium. Taken together, the effect ofβ on the type of equilibrium is ambiguous.
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An interesting hypothesis is that the more distorted the relative prices in the in-house sce-

nario, the more likely that a fragmented equilibrium arises. A test for falsifying this hypothesis

can be carried out by varying the unemployment replacement ratio,ub. Increasingub decreases

the surplus to bargain over and thereby brings the expected relative wages closer to the relative

marginal revenue product of each factor.

Also, bear in mind that forα = γ, relative wages are not distorted by bargaining between

high-skill and low-skill workers, and that in the fragmented equilibrium the relative wages of

high-skill and low-skill workers are not distorted. FigureIII.3(c) graphs∆Ii f varyingα andub

given that the bargaining power isγ = 3/4.

If the hypothesis that more distorted relative prices in thein-house scenario push the econ-

omy towards a fragmented equilibrium is correct, then∆Ii f should by minimized atα = γ,

since this minimizes the distortion in relative wages. Further, increasingub should decrease

∆Ii f , because the surplus to bargain over decreases. The situation depicted in Figure III.3(c)

indeed shows that∆Ii f is minimized atα = γ and that increasingub decreases∆Ii f ; hence, the

hypothesis cannot be falsified by those tests.

A second test of the same hypothesis is found in III.3(d) where ∆I f is graphed for com-

binations of∆ andγ. Besides once again verifying that as∆ increases so does the likelihood

of a fragmented equilibrium, note that, as before, atγ = α = 2/3 the likelihood of an in-house

equilibrium is maximized. Further, the greater the∆ relative toβ, the more distorted the relative

prices and the less the likelihood of an in-house equilibrium.

It is tempting to fall back on the analysis in Acemoglu et al. (2001), where the degree of

redistributive contracts that can be specified by low-skillworkers is limited by the wage rate

paid by firms hiring only high-skill workers. In this settingthere are no outside firms hiring

only high-skill workers, and even though a high degree of redistribution from high-skill and

low-skill workers increases the value of starting a specialized firm producing the high-skill

intermediate good, it decreases the value of starting a firm producing the low-skill intermediate

good. It is therefore not straightforward to see why more distorted relative wages of high-skill

and low-skill workers tend to decrease the likelihood of an in-house equilibrium.

5.2 The Bargaining Effect

In Appendix III.C, it is shown that a steady state equilibrium will not exist with both in-house

firms and fragmented firms. Therefore this section presents results by comparing the two possi-

ble steady state equilibria: one in which all firms are in-house firms, and one in which all firms
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are fragmented or specialized firms. LetH denote total employment of high-skill workers,

H ≡ Hi +Hs, and letL denote total employment of low-skill workers,L ≡ Li +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 firm;Hs = H andHi = 0. Similarly,

every employed low-skill worker is employed by a specialized firm; Ls = L andLi = 0.

The skill premium,ωs = E{Wsh}
E{Wsl} = wsh

wsl
, is easily computed using (III.37) and (III.38):

ωs =
α

1−α
× L

H
× mz

mx
. (III.46)

This is the standard Cobb-Douglas skill premium, augmentedby a market competitiveness term.

The first term corresponds to the standard Cobb-Douglas weights in the production technology.

The second term is the standard Cobb-Douglas relative supply term. The last term corrects

for differences in the markup over marginal cost for firms employing high-skill and low-skill

workers.

The In-house Skill Premium If there are no specialized firms, it follows that every employed

high-skill worker is employed by an in-house firm;Hi = H andHs = 0. Similarly, every em-

ployed low-skill worker is employed by an in-house firm;Li = L andLs = 0.

The skill premium,ωi = E{Wih}
E{Wil } , is easily computed using (III.32a), (III.32b), (III.24a)and

(III.24b):

ωi =
α

1−α
× L

H
×

Q∗
i +

1−Q∗
i

1−β
E{ψŘi}
E{αR̂i}

Q∗
i +

1−Q∗
i

1−β
E{(1−ψ)Ři}
E{(1−α)R̂i}

. (III.47)

The three different terms are easily interpreted. The first term corresponds to the standard Cobb-

Douglas weights in the production technology. The second term is the standard Cobb-Douglas

relative supply term. The third term is the novel term. Due toshutdown threats, wage bargaining

is introduced into the model.

The bargaining term,Gi , augments the standard Cobb-Douglas skill premium and is defined
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as

Gi =
Q∗

i +
1−Q∗

i
1−β

E{ψŘi}
E{αR̂i}

Q∗
i +

1−Q∗
i

1−β
E{(1−ψ)Ři}
E{(1−α)R̂i}

(

=
Gih

Gil

)

, (III.48)

where the expected revenue shares obtained by high-skill and low-skill workers are defined by

(III.31a) and (III.31b). The expression in parentheses reconciles the bargaining term with the

definitions in Appendix III.C.

Proposition III.1 (The Skill Premium with Shutdown Threats ) The possibility for firm own-

ers to shut down the firm if revenues are low creates a bargaining situation where low-skill

workers in general increase their relative wage rate, compared to high-skill workers.

Proof First note that in general there is no reason to expect the market for high-skill inter-

mediate goods to be more or less competitive than the market for low-skill intermediate goods.

Therefore, in generalmx = mz. Further, a necessary and sufficient condition for high-skill work-

ers to have a higher competitive, given the same supply of labor, wage is thatα > 1/2 > 1−α.

If Gi < 1, bargaining under shutdown threats in general decreases the skill premium. From

a simple inspection of (III.48), it is clear that a necessaryand sufficient condition is that:

α
1−α

>
E
{

ψŘi
}

E
{

(1−ψ)Ři
}

By inspecting (III.31a) and (III.31b), it is immediately clear that with a replacement rate

equal to unity,ub = 1, this condition reduces to:

α
1−α

>
γ

1− γ
.

While high-skill workers might be in a superior bargaining position, i.e. have a better outside

option, there is no reason to assume that high-skill workershave a greater bargaining power, i.e.

γ > 1/2. Therefore, bargaining under shutdown threats decreasesthe skill premium with full

unemployment coverage.

In the case of a less than 100 percent replacement rate,ub < 1, it is still possible to prove

the proposition under the assumption thatρih = ρil and γ = 1/2. If so, the denominators in

(III.31a) and (III.32a) are identical and the first term in the numerators are also identical, while
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the sign of the second term differs. Withα > 1/2, it is easy to see thatE
{

ψŘi
}

is less than

E
{

(1−ψ)Ři
}

, which proves the proposition.

The bargaining powerparameter,γ, could be interpreted as capturing differences in the

bargaining skills of high-skill and low-skill union representatives. It seems far fetched to assume

any systematic differences in the bargaining skills acrossthe parties. Hence, it seems reasonable

to assumeγ = 1/2. Given the vague definition of high-skill and low-skill, itappears to be

difficult to assert anything specific about the relation between the markup factor in markets for

specialized goods. The assumption thatmx equalsmz, therefore seems reasonable.

The assumption thatρih equalsρil is more problematic. It seems reasonable that high-skill

workers find new employment more easily than low-skill workers, implying thatρih is greater

thanρil (recall thatρ = ρ+θ), which intuitively should increase the relative wage ratefor high-

skill workers. To verify this intuitive claim, maintain theassumption thatγ equals 1/2. The

ratioE
{

ψŘi
}

/E
{

(1−ψ)Ři
}

is computable given the expressions in (III.31a) and (III.31b). In

order to make this ratio a bit simpler, let the unemployment replacement ratio be zero,ub = 0.

The ratio then becomes:

E{ψŘi}
E{(1−ψ)Ři}

=
[ρihρil +(1−Q∗

i )ρih]E{Ři}−Q∗
i (1−β)[αρil−(1−α)ρih]E{R̂i}

[ρihρil +(1−Q∗
i )ρil ]E{Ři}+Q∗

i (1−β)[αρil−(1−α)ρih]E{R̂i} .

Now consider a change increasingθh and decreasingθl such that the productρihρil remains

constant. This is clearly beneficial for high-skill workersrelative to low-skill workers because

the matching quality on the labor market for high-skill workers increases while the matching

quality on the labor market for low-skill workers decreases. Intuitively, this should improve

the bargaining position of high-skill workers relative to low-skill workers and thereby increase

the bargained relative wage for high-skill workers; that is, Gi should increase. Inspecting the

ratio above, this is clearly the case, because the numeratorincreases while the denominator

decreases. This of course raises some concerns about the importance of the result in Proposition

III.1. It should however be noted that if workers have a high discount rate, the importance of

the matching quality in the labor market is low, sinceρ equalsρ+θ andθ never appears outside

this sum.

The bargaining term,Gi , is plotted in Figure III.4 for various parameter settings.A Gi less

than unity implies a lower skill premium relative to the standard competitive economy and the

fragmented equilibrium. The lower theGi , the lower the skill premium. From Figure III.4(a)
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it is evident that wage bargaining only decreases inequality if γ < α > 1/2, meaning only if

the superior productivity of high-skill workers is not matched by an at least equally superior

bargaining power.

By inspecting Figure III.4(b), it is clear that a higherβ decreases the moderating effect from

shutdown threats. The moderating effect on the skill premium from shutdown threats on the

skill premium decays asβ approaches∆ from below. The reason is that a higherβ implies that

shutdown threats occur less frequently, greaterQ∗
i , and workers are more frequently paid their

marginal revenue product. Figure III.4(b) also verifies that increasing the unemployment benefit

ratio,ub decreases the moderating effect of wage bargaining.

Figure III.4(c) verifies that shutdown threats are redistributive as long asα > γ, i.e. as long

as the superior marginal productivity of high-skill workers is not matched by an equally superior

bargaining power of high-skill workers relative to low skill workers. It is clear from the figure

that high-skill workers benefit from shutdown threats relative to low-skill workers only ifγ > α.

Figure III.4(d) summarizes the results neatly. As long as demand shocks are small (∆ <

β = 1/4), shutdown threats do not affect the skill premium. With a more uncertain demand

(∆ >> β), shutdown threats decrease the skill premium more dramatically, unless high-skill

worker bargaining power is sufficiently superior (γ > α). In the latter case, demand uncertainty

and shutdown threats magnify the skill premium, but this is unlikely unless there is some ex-

plicit reason as to why the bargaining power of high-skill workers should be greater than the

bargaining power of low-skill workers.

From the results above it is clear that fragmentation in general increases the skill premium

since low-skill workers never bargain over wages with high-skill workers. This hurts low-skill

workers, relative to high-skill workers. In a fragmented economy low-skill workers can no

longer compensate their inferior productivity via a relatively stronger bargaining position.

5.3 The Skill Premium

To exemplify the full results of the model, consider a scenario where the markets for intermedi-

ate goods are not perfectly competitive, such thatmx = 2> 1 andmz = 2> 1. Figures III.5(a) –

III.5(d) depict the model’s prediction of the skill premiumfor different combinations of demand

uncertainty,∆, and degrees of market power,β.

Figure III.5(a) illustrates the skill premium in a hypothetical fragmented equilibrium. In a

fragmented equilibrium the skill premium is simplyα/(1−α) = 2. Changing the variation in

demand,∆, or the degree of market power,β, does not alter the skill premium as both high-skill
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Figure III.4: Bargaining Effect
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If Gi < 1, the skill premium is lower in the in-house equilibrium, while for Gi > 1, the skill premium is
higher in the in-house equilibrium. See Table III.2 for default parameter values.

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

Figure III.5(b) depicts the skill premium in a hypotheticalin-house equilibrium. In this

scenario the skill premium decreases asβ/∆ increases. The reason is that asβ/∆ increases,

shutdown threats and thereby renegotiations of wages become less frequent.

Note that as long asβ > ∆, firm owners never exercise their right to shut down the firm and
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Figure III.5: Skill Premium
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(d) ω(β,∆)

Figures III.5(a) and III.5(b) illustrate the skill premiumin a fragmented equilibrium and an in-house
equilibrium, respectively. The type of equilibrium is determined by∆Ii f illustrated in Figure III.5(c).
Figure III.5(d) illustrates the skill premium, taking the type of equilibrium into account. See Table III.2
for default parameter values.

the skill premium is identical to the skill premium in the hypothetical fragmented equilibrium.

However, as the∆/β ratio increases, the skill premium decreases. At most the skill premium is

about 37 percent lower than in the hypothetical fragmented equilibrium.

Figure III.5(c) maps each combination ofβ and∆ with either an in-house or a fragmented
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equilibrium. Everywhere in the graph where∆Ii f < 0, the economy is characterized by an in-

house equilibrium, and otherwise by a fragmented equilibrium. As can be seen in III.5(c), an

in-house equilibrium is most likely for low values of∆ compared toβ.

Combining III.5(a) – III.5(c) yields III.5(d), which plotsthe skill premium taking into ac-

count the type of equilibrium. As can be seen in III.5(d), theskill premium is clearly non-linear

in β as well as in∆. Taking into account the type of equilibrium hampers the potential for redis-

tribution, since some equilibria where the in-house equilibrium redistributes, i.e. whereβ < ∆,

are discarded.

6 Conclusions

Relating the squeeze of wages for low-skill workers to outsourcing or linking wages to profits

via bargains is nothing new. However, this paper spins thosestories by considering domestic

outsourcing or domestic contracting out and linking wages to shutdown threats.

Shutdown Threats Firm owners always have the option to default, i.e. to shut down the

firm and sell its assets. If demand is lower than some endogenous threshold, firm owners can

minimize losses by shutting down. In this case the losses forfirm owners are limited to the

depreciation of initial capital investments, since labor can be disposed without cost. Workers

on the other hand always have the option to leave the firm and become unemployed, but the

expected lifetime utility of being unemployed is inferior to the expected lifetime utility of being

employed.

The firm owner’s option to default on labor contracts leads toa bargaining situation. Firm

owners threaten to shut down the firm if the realized profit rate is sufficiently low. Workers are

reluctant to become unemployed and therefore negotiate newwage contracts to motivate the

firm owner to keep the firm alive. Renegotiated wage rates are determined by the bargaining

positions of high-skill versus low-skill workers. In the simple setting of the model, marginal

productivity only matters indirectly via the outside options of high-skill and low-skill workers.

The superior marginal productivity of high-skill workers relative to low-skill workers is not

matched by an equally superior bargaining power of high-skill workers relative to low-skill

workers. Therefore low-skill workers benefit from bargaining relative to high-skill workers.

Another interesting consequence is the firm size effect. If owners have the option to shut

down the firm, they are no longer inclined to face the full costof low demand realizations. This

asymmetry motivates firm owners to increase the size of the firm in response to greater demand
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uncertainty. Workers are paid higher wages if the firm owner does not threaten to shut down the

firm, but shutdown threats become more frequent.

Fragmentation Looking at the fragmentation process (i.e. outsourcing or contracting out)

and taking into account wage bargains over losses, it is easyto see that fragmentation is likely

to increase the skill premium.

In an economy with a low degree of fragmentation, each firm carries many tasks and re-

quires a wide range of workers with different skills and skill levels. In the presence of shut-

down threats, low-skill workers can increase their wage rate relative to high-skill workers via

bargaining.

In an economy with a high degree of fragmentation, each firm carries out a much smaller

set of tasks and hires a more homogenous group of workers. As more firms employ only high-

skill or low-skill workers, the possibility for low-skill workers to compensate for low marginal

productivity by bargaining with high-skill workers vanishes, and the skill premium increases.

The analysis shows that fragmentation is more likely to occur with greater variation in de-

mand and as the market power of firms selling the consumption good declines, i.e. if consumer

preferences for variety decreases. As would be expected intuitively, when markets for interme-

diate goods become less competitive, the likelihood of fragmentation declines. The quantitative

analysis in the paper also suggests that the more distorted the relative wages of high-skill and

low-skill workers (i.e. the more the relative wage rates of high-skill and low-skill workers de-

viate from their relative marginal productivity), the morelikely that a fragmented equilibrium

arises. However, this remains a conjecture that could neither be proven nor falsified.

Appendix

III.A Record of Notation

Table III.1 depicts the general logic for subscripts used tocategorize different variables. Indices

over a continuum are written in parentheses. All symbols arelisted in Table III.3. Random

variables are marked as ˜·, ·̂, or ·̌, depending on the information available. An upper case symbol

is used for the stochastic variable while a lower case symbolis used to denote a particular

realization of the corresponding random variable. Upper case letters are also used to denote

aggregate quantities, while lower case letters are also used to denote micro quantities. Symbols

marked by a superscripted∗ are derived from an optimization problem.
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Table III.3: List of Symbols

Symbol Meaning
α Cobb-Douglas exponent.
β Representative agent’s preference for variety.
G Bargaining terms.
C Consumption spending.
δ Depreciation rate.
∆ Parameterizes the variation in demand.
∆Ii f Adjusted investment cost difference.
D Stochastic demand parameter.
F(·) Cumulative Density Function.
γ High-skill workers’ relative bargaining strength.
H High-skill employment.
I Investment cost.
J Lifetime utility, employed.
K Range of firms.
L Low-skill employment.
m Markup over marginal cost.
N Range of specialized firms.
ω Relative wage (skill premium).
Π Profit rate
P Price of the conusumption good.
p Price index.
ψ Bargaining outcome, high-skill workers’ share.
Q Probability of shutdown threat.
ρ ρ+ θ.
R Firm revenue.
d Shutdown threat threshold.
θ Labor market matching quality.
ub Unemployment benefit, fraction of expected income.
U Lifetime utility, unemployed.
V Value of a firm, post investment.
W Wage rate.
wb Wage bill.
x Quantity of theX good.
y Quantity of theY good.
z Quantity of theZ good.
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III.B Profit Maximization

The shutdown condition in (III.20) is greatly simplified by using the inverse demand function

in (III.2a) together with the production functions in (III.19) and (III.3b):

[

C
p

]β
hα(1−β)

i l (1−α)(1−β)
i d i −wihhi −wil l i = 0.

The objective for the in-house firm owner is therefore to maximize the expected profit rate

E{Π}:

[1−F(d i)]

{

[

C
p

]β
hα(1−β)

i l (1−α)(1−β)
i E

{

D̂i
}

−wihhi −wil l

}

−δIi , (III.49a)

subject to the shutdown condition (solved ford i):

d i =

[

p
C

]β wihhi +wil l

hα(1−β)
i l (1−α)(1−β)

i

. (III.49b)

The impact ofd i on the objective function is twofold. On the one hand, a higher d i increases

the probability, viaF(d i), that the firm owner will threaten shut down. On the other hand,

increasingd i increases the expected productivity of workers, viaE
{

D̂i
}

, and thereby increases

expected profits if the firm owner does not threaten to shut down the firm. The constraint

guarantees that the firm manager is loyal to the firm owner by assuring that the value of the firm

is maximized.

B.1 The Unconstrained Solution

To solve the problem: First expand 1−F(d i) using the definition in (III.1), then expandE
{

D̂i
}

using the conditional expectation formula such thatE
{

D̂i(d i)
}

= 1/2×(1+∆+d i), and finally

replaced i in the objective function, using the constraint. The objective function simplifies to

(1+∆)2Θ1−β −2

[

p
C

]β
(1+∆)Φ+

[

p
C

]2β
Φ2Θβ−1,

where the auxiliary variablesΘ andΦ are defined as:

Θ = hα
i l1−α

i Φ = wihhi +wil l i .
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The first order conditions with respect tohi andl i simplify to:

α(1−β)(1+∆)2Θ1−β −α(1−β)
[

p
C

]2β
Φ2Θβ−1

= (III.50a)

2

[

[

p
C

]β
(1+∆)−

[

p
C

]2β
ΦΘβ−1

]

wihhi

(1−α)(1−β)(1+∆)2Θ1−β − (1−α)(1−β)
[

p
C

]2β
Φ2Θβ−1

= (III.50b)

2

[

[

p
C

]β
(1+∆)−

[

p
C

]2β
ΦΘβ−1

]

wil l i.

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

α
1−α

=
wih

wil

hi

l i
.

This implies that firms minimize costs, whichever quantity the firm plan to produce, an intuitive

result. The auxiliary variables simplify as:

Θ =

[

1−α
α

wih

wil

]1−α
hi Φ =

wihhi

α
. (III.51)

Eliminatinghi in the first order condition with respect tohi using theΦ expression:

[

Θ1−β

Φ

]2

−
2
[

p
C

]β

(1−β)(1+∆)

Θ1−β

Φ
=

(1+β)
[

p
C

]β

(1−β)2(1+∆)2 .

Solving the second order equation inΘ1−β/Φ gives two solutions:

Θ1−β

Φ
=

1±β
1+∆

[

p
C

]β
. (III.52)

Solving forhi , l i andd i is trivial given the intermediate results above:

hβ
i =

[

α
wih

]1−(1−α)(1−β) [1−α
wih

](1−α)(1−β) Φ
Θ1−β
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lβ
i =

[

α
wih

]α(1−β)[1−α
wih

]1−α(1−β) Φ
Θ1−β

d i =
(1−β)(1+∆)

1±β
.

To verify that d i = (1− β)(1+ ∆)/(1+ β) is a local maximum, note that the first order

conditions imply that bothΘ andΦ are linear inhi . Therefore, the objective function and the

constraint definingd i can be written as

E{Π} = a1h1−β
i −a2hi +a3h1+β

i −δIi

d i = a4hβ
i ,

with ai > 0.

Clearly, for hi = 0 the objective function is−δIi , while for sufficiently small choices of

h> 0, the objective function is greater than−δIi . However, the solution implying thatd i = 1+∆
implies that 1−F(d i) = 0. Again the objective function equals−δIi .

Taken together, this implies that athi = 0, the objective function equals−δIi , but increases

ashi increases. Eventuallyhi equalsh∗1 which implies thatd i = (1+∆)(1−β)/(1+β)< 1+∆.

Increasinghi further decreases the value of the objective function untilhi = h∗2 which implies

thatd i = 1+∆, where again the objective function equals−δIi , since 1−F(1+∆) = 0.

Therefore the solution with

d i =
(1−β)(1+∆)

1+β

hβ
i = (1−β)

1+∆
1+β

[

C
p

]β[ α
wih

]1−(1−α)(1−β) [1−α
wil

](1−α)(1−β)

lβ
i = (1−β)

1+∆
1+β

[

C
p

]β[ α
wih

]α(1−β) [1−α
wil

]1−α(1−β)

,

is indeed a maximum.

B.2 The Constrained Solution

Before accepting the solution derived above it is necessaryto check that the cut-off valued i is

within the range of the realizations of the stochastic demand variable,D̃i. That is, it is necessary
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to check that 1−∆ < d i < 1+∆, which in turn is equivalent to checking that:

0≤ F(d i) ≤ 1. (III.53)

Given the definition ofF(d) in (III.1) and maximizing choice ofd i this implies checking that:

0≤ (1−β)(1+∆)/(1+β)− (1−∆)

2∆
≤ 1. (III.54)

Note that this function is decreasing inβ, for 0≤ β ≤ 1 (∆ ≤ 1). Forβ = 0,F(d i) = 1, implying

that the maximizing choice ofd i never violates the conditionF(d i) ≤ 1.

However, increasingβ starting atβ = 0 violatesF(·) ≥ 0 at β > ∆. F(·) is nothing but

1−Qi . So forβ > ∆, the solution to an unconstrained problem dictates the firm owner to shut

down the firm with a negative probability. This is of course the same as to say that the firm

owner keeps the firm running with a probability greater than one.

The proper way to handle this problem would have been to solvethe optimization problem

adding the constraints 0≤ F(d i) ≤ 1. The result would, given the discussion above, be that for

β≤ ∆ the unconstrained solution derived above would apply, while forβ > ∆, the first constraint

would bind and the solution to the problem would be argmax of:

[1−F(d i)]

{

[

C
p

]β
hα(1−β)

i l (1−α)(1−β)
i E

{

D̂i
}

−wihhi −wil l

}

−δIi

s.t. F(d i) = 0.

Consequently, the first bracketed term equals unity whileF(d i) = 0 implies thatd i = 1−∆,

which in turn implies thatE
{

D̂i
}

equalsE
{

D̃i
}

. Therefore the solution to a firm owner’s

problem whenβ > ∆ is:

max

hi , l i

[

C
p

]β
hα(1−β)

i l (1−α)(1−β)
i E

{

D̃i
}

−wihhi −wil l −δIi .

The solution to this problem is simpler. Straightforward use of the first order conditions forhi

andl i implies:

d i = 1−∆
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hβ
i = (1−β)

[

C
p

]β[ α
wih

]1−(1−α)(1−β) [1−α
wih

](1−α)(1−β)

lβ
i = (1−β)

[

C
p

]β[ α
wih

]α(1−β) [1−α
wih

]1−α(1−β)

.

B.3 The Complete Solution

By combining the constrained and unconstrained solutions,the complete solution can be stated

as:

d∗
i =

{

(1−β)(1+∆
1+β β ≤ ∆

1−∆ β > ∆

hβ
i = (1−β) E

{

D̂i
}

d∗
i

[

C
p

]β [ α
wih

]1−(1−α)(1−β) [1−α
wil

](1−α)(1−β)

lβ
i = (1−β) E

{

D̂i
}

d∗
i

[

C
p

]β [ α
wih

]α(1−β) [1−α
wil

]1−α(1−β)

.

Note that forβ < ∆, firm owners choose the threshold leveld i = 1−∆ which is at the lowest

realization of the demand variable. In this case, the firm owner is never inclined to shut down

the firm ex post the realization of the demand variable, i.e.Qi = 1. Further, expected demand

E
{

D̂i
}

evaluated atd i = 1−∆ is simplyE
{

D̃i
}

. Therefore, for low values ofβ the firm owner

never threatens to shut down the firm and the standard competitive results hold.

III.C Equilibrium Conditions

To solve for the steady state equilibrium it is necessary to determineHi , Li , Hs andLs. To do

this it is assumed that in the steady state equilibrium:

E
{

W̃ih
}

= wsh E
{

W̃il
}

= wsl. (III.55)
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The expected wage rates are rewritten as

E
{

W̃ih
}

= αwiGih
Ki

Hi

[

Hα
i L1−α

i

Ki

]1−β

E
{

W̃il
}

= (1−α)wiGil
Ki

Li

[

Hα
i L1−α

i

Ki

]1−β

(III.56a)

wsh = α
ws

mx

K f

Hs

[

Hα
s L1−α

s

K f

]1−β

wsl = (1−α)
ws

mz

K f

Ls

[

Hα
s L1−α

s

K f

]1−β

,

where

wi = (1−β)E
{

D̂∗
i

}

[

C
p

]β
(III.57a)

ws = (1−β)
[

E
{

D̃1/β
f

}]β
[

C
p

]β
(III.57b)

Gih = Q∗
i +

1−Q∗
i

1−β
E
{

ψŘi
}

E
{

αR̂i
} (III.57c)

Gil = Q∗
i +

1−Q∗
i

1−β
E
{

(1−ψ)Ři
}

E
{

(1−α)R̂i
} . (III.57d)

Solving the system in (III.55) forHs andLs implies:

Hs =

[

ws

wi

1

(mxGih)1−(1−α)(1−β)(mzGil )(1−α)(1−β)

]1/β K f

Ki
Hi (III.57e)

Ls =

[

ws

wi

1

(mxGih)α(1−β)(mzGil )1−α(1−β)

]1/β K f

Ki
Li . (III.57f)

These expressions show that if the joint marginal revenue product for workers is higher in

specialized firms than in in-house firms, then

ws > wi(mxGih)
α(1−β)(mzGil )

(1−α)(1−β),

meaning that more workers are employed by specialized firms and vice versa.

In the steady state equilibrium, the value of owning a firm must equal the start-up cost. This

condition is met for in-house firms only if (III.12) is satisfied. The expected profit rates for

in-house firms not threatening to shut down are given by (III.25a), which rewritten using the
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definitions above gives:

E
{

Π̂i
}

=
βwi

1−β

[

Hα
i L1−α

i

Ki

]1−β

−δIi .

Since the value of owning a firm must equal the start-up cost, (III.12) must be satisfied.

Solving forKi :

Ki =

[

β
1−β

1+ρ
δ+ρ+δρ

Q∗
i wi

Ii

]
1

1−β
Hα

i L1−α
i . (III.58)

In order to investigate if in-house firms and fragmented firmscan co-exist in the steady state

equilibrium,Hs andLs in the expected profit expression for fragmented firms, see (III.40) are

first eliminated using (III.57e) and (III.57f). In the resulting expression,Ki is eliminated using

(III.58). The resulting expected profit rate for fragmentedfirms is:

E
{

Π̃ f
}

=
ρ+(1+ρ)δ

1+ρ

[

ws

wi

]1/β [ 1
(mxGih)α(mzGil )1−α

]
1−β

β Ii
Q∗

i
−δI f .

As for in-house firms, in the steady state equilibrium the value of owning a fragmented firm

must equal the start-up cost. That is, (III.12) must hold with E
{

Π̂i
}

replaced byE
{

Π̃ f
}

, Ii
replacedI f , andQi replaced by 1, implying:

[

ws

wi

]1/β [ 1
(mxGih)α(mzGil )1−α

]
1−β

β Ii
Q∗

i
− I f = 0. (III.59)

This relation depends only on parameters and exogenous variables, which in turn implies that

a mixed equilibrium can occur only for a specific set of parameter values, with measure zero.

That is, in the steady state equilibrium there exist only in-house firms or only fragmented firms,

but not both.

If (III.59) is greater than zero, it is more profitable to start a fragmented firm than an in-

house firm, while if (III.59) is less then zero then it is more profitable to start an in-house

firm. As it turns out, the main determinant for which type of equilibrium to occur is the re-

lation between fixed investment costs and marginal productivity. A higher investment cost

for starting a fragmented firm,I f > Ii , must be compensated by high marginal productivity,

ws > wi(mxGih)
α(1−β)(mzGil )

(1−α)(1−β), 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 exist,since there is no mechanism

generating an interior equilibrium. Consumers do not care whether goods are produced by in-

house or fragmented firms and in equilibrium the most cost efficient production method is used,

taking into account that the expected wage rates paid by in-house and specialized firms cannot

deviate.
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