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1 Introduction

In recent decades, most developed countries have experienced increasing in-
come inequality (OECD, 2007). A large body of literature has analyzed the
possible causes for the changes in the income distribution,! and the gen-
eral picture emerging is that a combination of demand and supply shocks
alter both relative income and employment, which in turn drive up income
inequality. In this paper, we analyze the income distribution using an equi-
librium search model because it can accommodate shocks to both sides of the
market (and their externalities). Thus, the modeling framework allows for a
detailed analysis of what driving forces are causing the income distribution
to change. When using our model to predict the recent changes observed
in the Danish income distribution, we conclude that the changes are due to
general skill-upgrading in the labor market and changes in employee bar-
gaining power. In contrast, shocks to relative productivity, i.e., skill-biased
technological change, are unlikely to have caused the changes.

We use register based employer-employee data from Denmark for the
years 1992 to 2003. These data provide information about the structure of
the income distribution and the changes occurring in the income distribution
over time. Four empirical results are established. First, income inequality is
increasing. Second, the action is in the top of the income distribution. Third,
skill upgrading in the labor market is highly pronounced. Finally, a negative
relation between employment shares and relative wages is established. That
is, when an employee subgroup experiences growth in relative income, their
employment share drops and vice versa.

To better understand what is causing the empirical findings, we build a
theoretical model which is based on an equilibrium search framework similar
to Pissarides (1994). Our analysis follows Albrecht and Vroman (2002), Gau-
tier (2002), and Dolado, Jansen and Jimeno (2009). Albrecht and Vroman
explore an economy with heterogeneous workers and jobs. A key aspect of
their model is that the jobs have skill requirements. This implies that low-
skilled individuals are unproductive in jobs requiring high skills. Conversely,
highly skilled workers can take a job of any type but they are more productive
in jobs requiring high skills. Mismatched workers do not search for better
jobs. The model in Gautier (2002) is similar to Albrecht and Vroman, but
Gautier allows highly educated employees to perform on-the-job searches. A

'For a discussion of income inequality see Katz and Autor (1999). Other seminal papers
in the field (the list is by no means exhaustive) are Autor, Katz and Kearney (2008), Bartel
and Sicherman (1999), Bound and Johnson (1992), DiNardo, Fortin and Lemieux (1996),
Juhn, Murphy and Pierce (1993), Katz and Murphy (1992), Levy and Murnane (1992),
Murphy and Welch (1992), Piketty and Saez (2003).



similar approach is taken by Dolado et. al. (2009), but they allow for a
different bargaining setup. Our model can be seen as an extension of Dolado
et. al. (2009) in that we allow both low- and highly-educated employees
to perform on-the-job searches. This extension is important because we can
use it to explain the empirical observation that there is a skill mix in all job
types.

The equilibrium income distribution derived from the model is non-degenerate
because of employee and job heterogeneity. The intuition behind the mod-
eling setup includes two major factors. First, education determines the em-
ployee’s production capacity in a job. Thus, variation in education implies
different levels of productivity and, in turn, different wages. Second, there
are two types of jobs in a firm, i.e., management and nonmanagement jobs.
We follow the arguments by Lucas (1978) and Rosen (1982) and assume that
workers in non-management jobs have limited discretion over resources and
hence are less productive than employees in management jobs, who control
resources. This implies that productivity and wages increase with employee
rank. These assumptions are strongly supported by the data, where both a
substantial management and education premium can be established.

Further, the two-sided heterogeneity creates a decision problem for the
firm which is whether to open vacancies in non-management and manage-
ment to employees with different education levels. And when doing this, the
firm has to anticipate that employees accepting jobs in non-management will
continue searching for better jobs in management. Managers have no incen-
tives to search and thus do not perform on-the-job searches. These differences
in employee search behavior produce non-trivial wage differentials between
management and non-management employees. That is, the management pre-
mium arises not only due to productivity differentials but also endogenously
from differences in employee search behavior. This finding provides a new
perspective on why observationally identical employees (in terms of skills)
are paid different wages, which has been central to the search literature for
decades (see Mortensen (2003)).

The equilibrium income distribution derived from the model shows a crit-
ical dependence on productivity, bargaining power and other market condi-
tions, such as the skill composition. This implies that shocks to any of these
parameters alter the income distribution by changing relative wages and em-
ployment shares. For instance, a detailed analysis shows that productivity
shocks altering the relative productivity of a group of employees produce a
positive relation between the relative wages of the group and the employ-
ment share. Further, shocks improving the bargaining power of a group of
employees lead to higher relative wages for the group, but at the detriment
of the employment share, i.e., a negative relation exists between the group’s
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relative wages and employment share. Finally, skill-upgrading causes wages
to grow for all employees but reduces the relative size of the management
sector. Thus, skill-upgrading produces a negative relation between wages
and the employment share in management.

All the considered shocks to the economy are capable of increasing income
inequality. However, the different consequences of the various shocks on em-
ployment and wages allow us, given the theoretical framework, to identify
what shocks are more likely to cause income inequality to increase. For ex-
ample, the Danish economy clearly experienced skill-upgrading between 1992
and 2003, which manifested itself as a six percentage point increase in the em-
ployment of highly-educated labor over the period. When using our model to
examine skill-upgrading, it predicts most of the recent changes in the income
distribution. In one respect, however, skill-upgrading cannot account for the
empirical findings. The model predicts that skill-upgrading leads to higher
wages for all employees. But highly-educated employees in non-management
experienced an eight percent decline in real income over the period 1992 to
2003. This implies that additional shocks are required to fully account for the
empirical observations. We consider two types of shocks: productivity shocks
and shocks to employee bargaining power. A negative shock to the relative
productivity of highly-educated non-management employees will reduce both
the wages and the employment share for the group. Thus, a shock of this
type will counteract the increase in employment share of highly-educated
non-managers resulting from skill-upgrading. In contrast, a reduction in the
bargaining power of highly-educated non-management employees will result
in lower wages but boost the employment share even beyond the positive ef-
fect coming from skill-upgrading. Because of the substantial increase in the
employment share of highly-educated non-management employees observed
over the period, we conclude that a reduction in bargaining power of highly-
educated non-management employees is most likely to be the complementary
factor to skill-upgrading in explaining the recently observed changes in the
Danish income distribution.

Our analysis complements previous research on income inequality because
it broadens the perspective on what mechanisms can lead to changes in the
income distribution. For instance, the literature focusing on income inequal-
ity in the US during the last decades documents a simultaneous increase in
the returns to education and the employment of educated labor. This has
led to the conclusion that the recent changes in the income distribution are
likely caused by skill-biased technological change (see Acemoglu (2002) and
Autor and Katz (1999) for surveys). However, historical research proves that
income inequality need not be increasing (Pikkety and Saez, 2003) and the
relation between the education premium and employment shares need not be
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positive (Autor and Katz 1999). Thus, when times are changing the income
distribution may be influenced by factors other than skill-biased technological
change, such as changes in bargaining power. Our model predicts the conse-
quences for the equilibrium income distribution of such alternative shocks to
the economy.

Further, our findings show that the changes in the income distribution
are mainly in the top percentiles, and the model indicates skill-upgrading
and changing employee bargaining power as the main causes for this. The
fact that the increasing income inequality is driven by activity in the top
percentiles has also been established in, for example, the US (see Autor and
Katz (1999)). As such, our analysis may help shed some additional light on
income dynamics in other countries as well.

The outline of the paper is as follows. In the next section, we discuss the
changes that have occurred in the Danish income distribution during recent
years. In Section 3 we present the theoretical model, and the equilibrium is
established in Section 4. In Section 5 we interpret and discuss the results.
Finally, Section 6 summarizes and concludes. Proofs and details about the
data are relegated to the Appendix.

2 The Danish Income Distribution

The main goal of this section is to document the changes occurring in the
Danish income distribution between 1992 and 2003. The main finding is
that income inequality has been rising in Denmark, and this is caused by
changes both in employment composition and relative incomes of workers.
Most pronounced is the skill-upgrading which occurred in the economy during
the period. But relative incomes have also been altered substantially, with
income increasing for some employee subgroups and declining for others.
In particular, management compensation has been increasing rapidly over
the period, while the highly-educated in non-management positions have
experienced a decline in real earnings.

2.1 The Data

For an income distribution to be non-degenerate, some heterogeneity is needed.
In our analysis we allow for both employee (education) and job (firm struc-
ture) heterogeneity, and the empirical discussion reflects this.

The empirical analysis is conducted using register data from Denmark
between 1992 and 2003. The data are collected by Statistics Denmark and
contain detailed information about all employers and employees in Denmark.



The most important feature of the data for the present analysis is that work-
ers and companies can be matched and this information can be combined with
further information on the employees’ educations, incomes and job assign-
ments. This provides very detailed knowledge about the income distribution
and employment structure of a particular company and, in an aggregated
form, about the income distribution in the economy.

Private sector companies with at least 50 employees are included in the
analysis. The main reason for this size selection is that the structure of
the firm (management vs. non-management jobs) has to be well defined. We
identify managers in our data using the International Standard Classification
of Occupations (ISCO) from the International Labor Organization (ILO).
When defining individuals from Major Group One as managers we found
that 3.6 percent of our sample are managers.

Table 1 contains the descriptive statistics for the sample.? We have
divided the sample into four groups: low-educated non-managers, highly-
educated non-managers, low-educated managers and highly-educated man-
agers. In order to be considered highly educated the employee must have at
least a college degree (or in the Danish context, a Bachelor’s degree). Low-
skilled employees in non-management are clearly the largest group, making
up almost 86 percent of the sample, but highly-educated non-managers also
constitute a significant proportion of the employees (11 percent). The two
management groups are relatively small, as expected, but with proportions
exceeding 1 percent.

Employee subgroup All
Low- Highly- Low- Highly-
educated educated educated educated
Non- Non- Management Management

management management

Employment
proportions 0.857 0.107 0.025 0.011
Real income 17,489 29,660 34,270 52,443 19,595

(10,525) (17,308) (22,752) (31,209) (13,510)

Note: standard deviation in parenthesis.

Table 1. Descriptive statistics on income and employment shares, 1992 to
2003

2More detailed descriptive statistics are presented in the Appendix
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Figure 1: Income changes by percentile, 1992 to 2003

Turning to income, it is clearly the case that compensation increases
with education and rank. The figures presented in Table 1 and throughout
the article are monthly real income in Danish Kroner and the base year is
2000 (EUR 1 =~ DKK 7.5). Using these data to estimate a standard Mincer
wage regressions reveals both an education premium of 38 percent and a
management premium of 37 percent.?

2.2 Changes in The Income Distribution

During the period 1992 to 2003 the income distribution is altered signifi-
cantly. Figure 1 shows the changes in incomes at different percentiles and
the change in income inequality as measured by the standard deviation of
income. Median real income is remarkably stable across the years, as are
the incomes between the 10 and 90 percentiles. Examining the 99 percentile,
which is a percentile where most employees are managers, it is clear that high
income earners have become relatively better off during the period. This is

3In the regression we regress In(real income) on age, age squared, gender, tenure, tenure
squared, a set of years dummies together with a dummy for being highly educated, and a
management dummy.



reflected in the standard deviation of incomes, which is clearly increasing
over time.

In order to get a better understanding of the changes in the income dis-
tribution we present the changes by education and job level in Table 2. An
interesting observation is that the economy has experienced substantial skill-
upgrading between 1992 and 2003. In the early years 10 percent were highly
educated, but by 2003 the proportion had increased to 16 percent. This ob-
servation is reflected in the education composition of managers, where low
educated employees clearly dominated the management group in 1992, but
in later years the education mix has been more or less equalized. Further,
skill-upgrading has been so significant in non-management that the propor-
tion of highly-educated non-managers has increased from 8.5 percent to 15
percent, causing the relative sizes of all other employee subgroups to decline.

Employee subgroup All
Low- Highly- Low- Highly-
educated educated educated educated
Non- Non- Management Management

management management

Employment

Employment

proportions in

1992 0.873 0.085 0.031 0.011

Employment
proportions in
2003 0.828 0.148 0.014 0.010

Change in -5.2% 74.1% -54.8% -9.1%
employment
1992-2003

Real income
Average real 17,083 30,674 32,897 47,948 19,074
income in 1992 (9,753) (15,802) (20,564) (23,982) (12,413)

Average real 18,519 28,244 40,245 55,795 20,648
income in 2003 (10,950) (18,187) (24.,463) (34,016) (14,107)

Real income 8.4% -7.9% 22.3% 16.4% 8,25%
growth 1992-
2003

Note: standard deviation in parenthesis.

Table 2. Changes in income and employment shares



Incomes are also altered during the period. While income progression
in non-management has been relatively modest or declining, management
compensation has increased substantially (16 percent for highly-educated
and 22 percent for low-educated). Overall, real wages have increased by 8.25
percent, or 0.5 percent per year.

Comparing the changes in the employment composition to the changes
in relative income, a clear picture emerges. When an employee subgroup
experiences income progression, their employment share is declining and vice
versa. That is, the share of highly educated employees working in non-
management positions has almost doubled over the period 1992 to 2003 but
at the same time, they have lost 8 percent in real income. In contrast, all
other employees have lost in terms of employment shares but have gained
substantially in terms of earnings.

Summing up, in this section we have shown that the income distribu-
tion has been altered significantly over time, which has increased income
inequality. We have also documented that this is due to both changes in rel-
ative income and employment shares. To better understand what is causing
these changes, we will propose in the next section a theoretical model that is
capable of encompassing these changes in a general equilibrium framework.

3 The Model

Consider a firm with management (M) and non-management (N) sectors that
face a labor force of €2 workers. The workers employed by the firm are mem-
bers of the internal labor market, denoted by [; the remaining individuals
constitute the external labor force, E. The size of the total labor force is
normalized to unity, i.e., = I + F = 1. All workers are distinguished by
an observable level of education, where the proportion 7 of the workers is
low-educated and the remaining 1 — 7 is highly-educated. Highly-educated
workers will be referred to as H-workers while low-educated workers will be
referred to as L-workers. We use the notation k € {H, L} and p € {N, M}.
When the firm opens up a vacancy, the type is determined ex-ante. Thus,
the job search behavior is as follows. First, for reasons explained below,
individuals have the highest productivity in management jobs. This im-
plies that employees with the required level of education from both the non-
management segment of the internal labor market (ixy) and the external
labor market (e;) apply for management vacancies (vg). Second, employees
currently working in management (ix)s) have no incentives to search for a
new job. Hence, only individuals in the external labor market search for
non-management vacancies (vy) where there are no skill requirements.



Internal
labor force

External
labor force

L[>

Figure 2: Flow diagram

Workers and vacancies meet each other randomly according to a matching
function that is increasing in its argument, concave, and homogenous of de-
gree one. The matching processes between jobs and workers in management
are represented by:

T = Tpnr (Vs e + i) = () (e + ipn) 2,

and in non-management by:

vy = an(vn, er +en) = (vn)*(er +ex) ™

The labor market flows are illustrated in Figure 2. Individuals in the
external labor market may get jobs in both non-management and manage-
ment. If an individual gets a job in the non-management sector of the firm,
he has an option to be promoted. Since jobs in management have education
requirements, both low- and highly-educated employees are promoted. All
employees have an exogenous separation risk; hence, there are flows from
both the management and non-management sector back into the external
labor market.

A worker’s output is denoted by yx,. We make two assumptions about the
workers’ productivity. First, highly-educated workers are more productive
than low-educated workers because schooling results in a higher production
capacity. Second, we assume, as do Lucas (1978) and Rosen (1982), that
workers in non-management jobs have limited discretion over resources and
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hence are less productive than employees in management jobs who control
resources. Thus, yrn < ygn < yrv < yuu- These assumptions match well
with the empirical findings presented above.

Finally, the probability that a k-type job in management meets a worker
of type k is:

Tem _ Lem(Ok, 1)
Vk Hk ’

Qe (Or) =
and the probability that a non-management job meets a worker is:

TN xXr N(Q N, 1)
qn(On) = P R

The terms 0, and 6y represent labor market tightness and are defined
as: O = v/ (ex +ixn) and Oy = vy/ (ep + eg) . Similarly, we denote the
probability that a worker of type k encounters a vacancy in management
of type k by pras and the rate at which a worker meets a non-management
vacancy by py. It follows that:

LM
0,) = —2 — Ounr, 1),
pkM( k) er 1+ inn kaM( kM )
and oy
pN( N) eL + en 93N( N, )

3.1 Payoff Functions and Wage Determination

The firm maximizes the present discounted value (PDV) of expected profits,
and the individual maximizes the PDV of the expected income stream. The
firm decides if a particular vacancy should be opened or not. The individual
assesses if the job offer received is sufficiently attractive, given the alternative
options such as other employment or continued job search. When the worker
and the firm meet, they bargain over the wage. In the following sections, we
describe these processes.

3.1.1 The Firm

The firm advertises three different types of jobs: a vacancy in non-management
and two vacancies in management. The management jobs require different
levels of education, but the non-management vacancy can be filled with a
worker of any education level. Hence, in practice the firm employs up to four
different employee types: low-educated in non-management, highly-educated
in non-management, low-educated in management, and highly-educated in
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management. These types generate different levels of profits since they dif-
fer in their productivities and -as will be shown below- have different costs.
We denote the expected PDV of having a vacant non-management job by
V. The expected PDV of the vacancy depends on the potential worker’s
productivity. For this reason, we denote the PDV of a vacancy filled with
an employee of type k by Jyy. Further, under perfect competition the PDV
of expected profit from a vacant non-management job rVy (where r is the
discount rate) equals the rate of return. Recalling that because the job is
filled by a highly-educated or a low-educated worker with probability qy,
the rate of return can be written as the difference between the vacancy cost
of a non-management job, cy, and the expected return from having the job
filled. The expected return from having a low-educated or a highly-educated
worker in the job is equal to the sum of the returns generated by low-educated
workers and the returns generated by highly-educated workers, weighted by
the relative population size. From this it follows that equation (1) will be
satisfied in equilibrium:
erJin +enJun

rVy = gy el +en —Vn| —cn. (1)

Using the same reasoning, the PDV of expected profit for a non-management
job filled by a worker of type k, rJin, equals its return. In this case, the
return is the output produced by the worker, 3, minus wyy, the wage paid
to the worker. In addition to this, the eventual loss of revenue that occur
if the worker and the firm separate, which happens with probability s, and
the potential loss if the worker finds a job in the management sector must
be added. Thus,

rJen = yen — wen + (Vv — Jen) + pevt (Vv — Jin ). (2)

Similar expressions can be derived for management. When equating the PDV
of expected profit for a vacant management job, rVj,/, to the rate of return
we obtain:

Viar = qen (Jrar — Vi) — cenrs (3)

where ¢ are the vacancy costs.

Finally, recalling that management employees do not search it follows
that when equating the PDV of expected profit from a filled management
job, Jikar, to the return we get:

rJem = Yk — Wenr + S(Vinr — Jenr), (4)

where wy), is the wages paid to an employee of type k working in manage-
ment.
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3.1.2 The Workers

A worker of type k earns w;y when employed in non-management and wy,
when working in management. For simplicity, we normalize an employee’s
income in the external labor market to zero.

Let Ejx be the PDV of income for a type k£ worker in the external labor
market. The individual may move to a job either in non-management or
in management. The first event occurs with probability py. The worker
would then earn the PDV of the expected income stream W,y until a job in
management arrives or a separation from the firm occurs. If the individual
instead gets a job in management (which occurs with probability pxas), the
PDV of the expected income stream is Wy, until separation. Hence, rFj, is
equal to the expected gain when obtaining a job:

rEy = pn(Win — Ex) + pest (Wit — Ey). (5)

The payoff to a worker in non-management is given by the wage, wyy, the
risk premium against separation, and the option value of being promoted. It
follows that:

rWin = Wiy + S(Ek - WkN) +pkM(WkM - WkN)- (6)

Finally, employees already working in management do not search for a
new job, but they face a separation risk, s. Thus,

TWkM = Wrpm + S(Ek — WkM) (7)

3.1.3 Wage Determination

Wage determination in this model is similar to Pissarides (2002). In equi-
librium, occupied jobs in management and non-management generate pure
economic rent and the wages paid by the firm to its workers pass along some
of the rent. As in Pissarides, we assume that the rent created by a match
between a given job and worker is shared according to the Nash Bargaining
Rule. The wage derived from this bargaining process maximizes the weighted
product of the worker’s and the firm’s net return from the match. In order to
form this match and then split the resulting surplus, the worker has to give
up the returns obtainable in the external labor market, Ey, in order to receive
Wy if employed in non-management and Wy, if employed in management.
The firm on the other hand, gives up the return from a vacant job (Vi or
Vim) and receives Ji, in exchange. Hence the wage in non-management
satisfies:

13



WeN = argma:c(WkN — Ek)ﬁkN(JkN - VN)li'BkN. (8)

And for management jobs:

wiyr = argmazx(Wyy — Ek)ﬁ’“vM(JkM — VkM)l_ﬁkM. (9)

Where 0 < 3, < 1 is the employees bargaining power. This also measures
the labor shares of the total surplus generated in the job.

4 Equilibrium

We derive the equilibrium by imposing two assumptions: first, the labor
market flows are stable; and second, all profit opportunities in the market
are exhausted. That is, Viy = 0 and Vjy; = 0. The equilibrium is derived
in the Appendix and the equilibrium income distribution is presented in
Proposition (1).

Proposition 1 In equilibrium, for k= L, H and p = N, M:
a)The wages in the different sectors of the firms are:
In the non-management sector:

Brn (1 4+ pn)yrn

WEN = . 10
T+ 8+ prm + BrnPN (10)
In the management sector:
pn(1 =0
WM = Mwm + BrearCemOnr + BrarYrm- (11)
(1= Ben)
b)The employment stocks in the steady-state in different sectors are:
In the non-management sector:
. SPNT
IeN = . 12
(5 + prams + pw) (S + D) (12)
where iy, = m;my =1 — .
In the management sector:
. PeMm Tk
tepf — ————. 13
5+ Prm (13)

Thus, the income distribution is: w = wy, with probability iy,,.
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Proof. See the Appendix. m

It follows from Proposition 1 that management wages are made up of
two parts. The second part (B ysce,mOr e + Brasyr,a) is similar to the
expression in the standard Pissarides (2002) model. It shows that workers
in management receive a fraction of the vacancy cost ¢y a0y 1 that is saved
by the firm when the match is formed, and a share of the surplus created
by the match. The first part is more intriguing and can be interpreted as a
management premium that is proportional to the non-management wage.

Non-management wages are also interesting as they differ from the wage
expression in a standard search model. The reason for this is that non-
management employees continue searching for management jobs. This im-
plies that the firm must re-advertize non-management jobs more often that
management jobs. Thus, in contrast to the wages paid in a standard model,
non-management employees receive a smaller fraction of the vacancy costs.

Finally, employment shares are determined by the skill composition in
the labor market, recruitment and promotion probabilities as well as the
separation rate.

5 Interpretation

The shape of the equilibrium income distribution is determined by produc-
tivity, bargaining power and other labor market conditions, such as the skill
composition. Thus, a change in any of these parameters alters the income
distribution but with varying consequences. We argue that the model pre-
dicts the recent changes in the Danish income distribution when subjected to
skill-upgrading and changes in the employees’ bargaining power. In contrast,
shocks to the employees’ relative productivity, such as skill biased technolog-
ical change, are unlikely to have caused the empirical findings.

The theoretical setup allows us to contrast the effects of technological
change that alters the employees’ relative productivities and changes in the
employees bargaining power. First, when a group of employees become rel-
atively more productive, the match value between the worker and the firm
increases, which in turn drives up both the wage paid to the group and the
group’s employment share. In contrast, if the bargaining power of a group
of employees increases, a larger proportion of the match value is allocated to
the employees, driving up wages, but the group becomes less attractive to
the firm, resulting in a declining employment share.

“The comparative statistics underlying the discussion in this section are presented in
the Appendix.
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A different type of shock influencing the income distribution is skill up-
grading. When the proportion of highly educated individuals in the labor
market increases, wages grow. The reason is that when the firm recruits from
the external labor market to the non-management sector, it is more likely to
hire a highly-educated person. Consequently, the average non-management
employee is now more productive and the higher average productivity is
rewarded with higher wages. Further, because management wages are to
some extent dependent on non-management wages, managers also experi-
ence an increase in income. As already noted, the firm is more likely to
recruit a highly-educated employee when hiring from the external labor mar-
ket, which implies that the number of highly-educated in non-management
increases. In management the situation is different. Management employees
benefit from higher wages but they have not become more productive, which
makes managers less attractive and leads to a reduced employment share. In
sum, skill-upgrading increases wages for all employees and the employment
share of highly educated non-managers but reduces the employment share of
management employees.

The different types of shocks are all capable of producing increasing in-
come inequality, but their consequences for the underlying changes in em-
ployment shares and wages differ. For this reason some shocks are more likely
to have occurred than others. For instance, the Danish economy has expe-
rienced substantial skill-upgrading in the period from 1992 to 2003, which
has manifested itself as a six percentage point increase in the employment
of highly educated employees (see Table 2). When our model is subjected
to increased skill-upgrading, it predicts that wages in general increase, the
employment share of highly educated workers in non-management increases
and the employment share of management employees decreases. These ef-
fects explain to a large extent the empirical findings presented in Table 2.
On one important aspect, however, skill-upgrading does not produce the
empirical findings; that is, the model predicts that skillupgrading leads to
higher wages for all employees. But, empirically highly-educated employees
in non-management have experienced a decline in income of eight percent.
This suggests that besides skill-upgrading, the economy is hit by additional
shocks.

We consider two possible shocks which may have caused income for highly-
educated non-management employees to fall. First, a fall in relative produc-
tivity will reduce wages while at the same time counteracting the positive
effect on the employment share from skill-upgrading. Second, a reduction in
bargaining power will also reduce wages, but in contrast to the productivity
shocks, it will boost the employment share. Because the employment share
of highly-educated non-management employees has grown substantially over
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the period (75.11 percent), it is more likely that a reduction in the bargaining
power of highly educated employees in non-management has occurred, rather
than a decline in their relative productivity.

Thus, the discussion allows us to conclude that the model is capable of
mimicking the recently observed changes in the income distribution related
both to the increasing income inequality and the changes in relative income
and employment shares. We can further point to the fact that subjecting our
model to skill-upgrading predicts many of the recently observed changes in
the income distribution, but additional shocks are required to fully account
for the empirical findings. We point at a reduction in the bargaining power
of highly-educated non-management employees as being the complementary
explanation for the recent changes in the income distribution.

6 Conclusion

Rising income inequality has been documented in most developed countries
during recent decades. In this paper, we propose an equilibrium search model
which makes it possible to identify the driving forces behind the changes in
the income distribution. In particular, the effects from changes in produc-
tivity, bargaining power and other labor market conditions, such as skill-
upgrading, can be established. For instance, when our model is subjected to
skill-upgrading and changes in employee bargaining power, it is capable of
replicating the recent dynamics in the Danish income distribution. It also
allows us to conclude that shocks to relative productivity, such as skill-biased
technological change, are unlikely to have occurred.

One innovation of our model is that we explicitly model the structure
of the firm, i.e., we allow for a non-management and a management sector.
Important in this respect is that we endogenously establish a management
premium and thus provide one explanation for why observationally identi-
cal employees (in terms of education) are paid different wages. Further, the
modeling of the firm structure also turns out to be significant in understand-
ing the empirical changes in the income distribution, because the action is in
the top percentiles, where most employees are managers.

Overall, our paper broadens the perspective of what may cause an income
distribution to change. This is of particular importance if we want to under-
stand how, for instance, a financial crisis influences the income distribution,
as well as to understand historical data. Further research along the lines
of this paper is likely to produce important new insights into why income
inequality has increased during recent years.
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Appendix

7.1 Proof of Proposition 1

We introduce the following notation yx, = py,,y, k = L, H, and p = N, M
as well as p;y = 1. The wages of each type of workers in the different jobs
follow from the Nash Bargaining Rule (8), and equations (1),(2), and (5).
First,

Bin (Yrn — win) BrmCem (14)

— .
TR PN B )+ s+ o) | (L= Bean)demt
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Using (14) to substitute for Ej in equations (6) and (7) we get

Brntny(1 4 pn)

WEN = , 15

N T+ 8+ pem + BnDN (15)
1-— W

Wry = PN< 1 Bkg[> LA BrarCrenOinr + Brarbpnry- (16)
— PrN

7.2 Deriving the Steady State Conditions

We first derive the steady state conditions, which equate the flow of workers
into a given job to the flow of workers out of that job. For low-educated
workers, the flows in and out of non-management can be expressed as

pner = (8 + Prar)ikn- (17)
For management the condition is

prar(ex + ikN) = Sign. (18)
Since

IkN + Uen + €k = T, (19)

where mp, = wif k = L, and 7, = 1 — 7 if K = H, the following equations can
be derived from (17), (18) and (19):
STk

er = , 20
g (s + prar + pN) (20)

7 = 21
M (s + prr) (21)
. SPNT

N = . 22
N (s + prm + pN) (S + Prr) (22)

7.3 Existence of Equilibrium

We first substitute the wage expressions into the equations for Ji,. If we
then substitute these expressions into the vacancy conditions (1) and (3) we
get:

(1 = m)Ar1(Aw — Bun) iy
(7050 — O7a) + A1) (A + Bandy)
TAmi(AL — Brn)y
T(O0fn — 070) + Ans1)AL(AL + Brnty)
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Also,

ity = Ll A i;)ﬁ rarcianfios (24)
_H?V(l — Bint) Ak — Bin ) N Y Bron
(r 4+ 8)(L = Ben) MMk + Brntn)

We denote (23) by Fi, and (24) by Fyys where k = L, H, and where

e =7+ 5+ 00,
Ner1 = 00y + s+ 0%

We assume that 5, <7+ s+ 05, < 2850m-

The existence proof is standard, i.e., we need to show that the Jacobian
matrix of equations (23) and (24) is non-zero in the steady state. Most
derivatives are straightforward to sign, i.e, we have Fypp,, > 0,k = L, H,
and Fyg.,, = 0,7 # k, as well as Fiarp,,, > 0,k = L, H. For the remaining
derivatives we derive sufficient conditions that allow for existence.

It follows that Fyg, > 0if 7 > 1/2, and pyy > Ky Where

P (AL = Brn)Au(Ae + 03 Bun)

N AL (AL 4+ 08 BLn) (A — Bun)
Moreover, Fivg,,, < 0if Bpp <r+s+07, <285 and p, o < pyy-
Finally, a sufficient condition for Fig,,, < 01is Syn(3 + Bundn) > 2An.
It follows that in the steady state

DetJ = FN,9N (FLMﬁLMFHMﬁHM) - FNﬁLM (FLMﬁNFHMﬂHM)
FFN 6 (—Frarop 0 Frnoy)
> 0.

This proves existence.

7.4 Comparative Statics with respect to p,, for k =
L.Hand p=NM

7.4.1 Comparative Statics on Steady State Probabilities

We first obtain

1—mA Ay —
N —— ( JAL+1y(Aw — Ban) <0,

Mg Apqr + 7080 — 0700)) A + 0N Bry)
FNH“LM = 07

Fny,, = 0.
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Second,
FLM,;LHN =0,

FLMvML]VI =

FLM#LHM =0.

Moreover,

_ Ony(Ag — Bun)(1 = Byy) <0

F
HM,pup (r4+$)Ag(1 = Bun) Mg +03Bry)
FHM,#LM =0,
Y= Brm)
r+s

Fuspyy = < 0.

Using Cramer’s rule we obtain

09N 09N

Our > Opp =
90 m M <
Our > Opp v !
00H M <0 39HM <0,
OumnN ? Opp

Bum ~ (),

Orp

The sign of the remaining two derivatives depends on the sign of —Fi ... Frnro,,,+

FN gy FrM g, » Which is ambiguous. It can be shown ( full details are avail-
F . .
able on request) that IZ\V] ii’["; FZZ’ZZM < 0, implying that —Fy ...« Fras,op.,+

FN s Fridtpggy > 0. 1t follows that 572 > 0, Fi2L < 0.

7.4.2 Comparative Statics on Wages

Looking at (15) we derive the following expression for j,k = L, H and p =
N, M:

Owpy  Bentiny(Me — Ben) Opn  Bunteny(1 +0%) Opkm
sy M+ BnON)? Oy Owt Bt Oy,
Bieny(1 +0%) Opn
(A + Brntn)? Onyp

where d” LN — () for j # k and p # N. From (25) it follows that:

6wLN 6wHN
OpmnN = 0’ OvmN >0,

(25)
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8MLN{ 7 Oprn

and UL > (), QUIN > (),
HH M K v 8

The signs of 24X are ambiguous, since 222~ > () and 22 > (. If we assume
that Oppar Opg s O
a

8wHN o 8UJLN — O
Y

s> prar > Brns (26)
r> ﬁkNv (27)
1/2 > py > 1/3, (28)
By > 1/4, (29)
(30)
then we obtain
Owpn 2By N YPeM {MkM OpN o Hias Ot }
Oprar — (M + Brn0n) e | Py Oppns P Ol
A sufficient condition for gf}’:ﬁ > 0 is then
|€NkM7pN| > 2|€ﬂkM7pkM‘7
where €, oy = —%%}CNM. Similarly, for j,k = L, H and p = N, M, we
compute
Owpnyr (1= Byur) opy . pn(1— BkM)( Biny(1+0%) Oy (31)

Oy (1= Piy) - Ot (L= Brn) (A + Ben0n)? Onyp

ablin + BkMCkM} *

+5kNMkNy()‘k — Bin) Opn n {_5kNMkNZ/(1 +60%)
(A + Brn0%)? Opy, (Ak + Brn0y)?
001 Ovens
* + Brmy , 32
where % =0, for j # k, and p # v. Assume that
jv
PN > DM, (33)
1> Mg + BpnOy- (34)

We see from (31) that a sufficient condition for %w > 0,7 #k, is
jp

(1 = Byn)BrarCrn
Heny = a(l = Byar)Ben
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However, looking at (31) the signs of the derivatives g:jkﬁ are ambiguous. We

k
have, under condition (26), that (1+pn)\r+pn(Ax +Bpnpn) > prv(1+pn),
and since py(1 + py) < 2pN(1 + py), this implies that

Owgnr (1 — Buar) BentaenyPrempn (1 + py) {MkM Opn B 2:ukM Opkm )}

Ottgas (1 = Brn) Mk + BrntN ) tens PN Ot P Oty
00k
+BrarCrm Dtrar + Bemy-

. .. Sw .
A sufficient condition for FHEAL > 0 is then T ] [P

7.4.3 Comparative Statics on Steady State Stocks

We first compute

dign sk Opn smrpN (28 + 2pkv + prv) O

- , (36)
Oty Afir Ohjo Ari1 (84 prar)? Ot
and
o1 0
kM _ STk g pkM‘ (37)
a:ujv (S + pkM) aluw
It follows from (36) and (37) that
g/iLN > 0, giL]M <0,
MHN HHN
g;HN > 0, gZHM < 0,
MHN HHN
g;LJVI >0, g'lHN > 0,
O LM O LM
g'lHJVI < 07801LN > 0,
KL MM
glﬂ < 0, and glﬂ > 0.
HHM OkHM
The signs of g;—‘:}t[, k = L, H are both ambiguous.
Under conditions (26), (28), and (29) we have
(s + prar)? > 20600 (s + Drnr > 4Pjpas > ABenpinm), (38)
pn (25 + 2peas + pv) < pn(1+pn) < 8BnDN- (39)

It then follows that

Oikn - 4sprmpLNT {ﬁkN Opn 2ﬁkN apkM} -0,

Oens — Ni(s+prar)? | oy Oty DM Oftg s

where the last inequality holds if |e,, x| > 2]€u, 1, poa |-
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7.5 Comparative Statics with respect to =
7.5.1 Comparative Statics on Steady State Probabilities

We compute

)\Ly)\H()\H - ﬁHN)
(A +onBrn) ALt + m(pav — prwm))?

FNJT = (/’LHN - EHN) > 07

where the sign follows from the assumption that p, - < ppy. We also have
Frve=Fuur =0.

Hence using Cramer’s rule we obtain

%ﬁv<0,%>0,andaea%>0.

7.5.2 Comparative Statics on Wages

If we compute the effect of a change of m on the wages in non-management
we get

Owpn _ BrntanyMe = Bin) 0oy Brntiny(L + pv) Opem
on (A + Brypn)? 0w (A + Brwpn)? Om

For the wages in management

< 0.

Owypg _ (L = Binr) Bintn¥( Ak — Bin) Opn

on (1= Bin) (A + Bpypn)? 0w

(1 — Binr) Bentteny(1 + pn) Opw

(1= Bry) (M + Brwpn)  Om

+39k1\/[ {_pN(l — Biar) Benteny(1 + o)
om (1=Bry) (M + Brypw)

It can be shown that the condition derived in (35) is a sufficient condition
for alg% < 0.

_|_

7.5.3 Comparative Statics on Steady State Stocks

Moving on to the effect of a change of 7 on the steady state stocks we get

Oikn _ dkspN sTi Opn sTpN (28 + 2ppa + D) Opkm (40)
on New1(8 + penr) )\zﬂ o )\%H(s + prar)? o’

where 6, = 1 and §y = —1. It follows from (40) that ma% < 0. However the
sign of ag%is ambiguous.
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We will show that 244 > 0 if conditions ( 38) and ( 39) are satisfied. (40)
can be rewritten as

dirn - 4sB 1 NPNPLM {1 T Opn 9T apLM}
on )\%H(S + pra)? py Om pLv Om )
This is positive if

0 0
1PN+27T Prm

1> — ,
pn Om pLm O

Leif 1> |expy| + 2€rponl-
We also have

01 ST 0
LM _ PrLm i PLM < 0.

or s+pvw (s+pLm)? Om

In a similar fashion,

Digm o PHM ST OpEM

- +
or s+pav  (s+pam)? Or

The sign of this derivative is ambiguous. We will show that % > 0 if
|€xpun| > 57— To do so assume that pyy < s(1—m) and that (s+pHM)? <

45 < 2mppnr < (s + paar). Then

Ol - s(1—m) { T OpMm s }

or 272 pum O _pHM

_m

This is positive if [ery,,,, | > 7.

7.6 Comparative Statics with respect to 3,,,j,k =L, H
and v,p= N, M

7.6.1 Comparative Statics on Steady State Probabilities
Computing the derivatives of F; with respect to the different 3, , we get

7,(1 + 0% A
FNﬂkN _ k( N)NkNy k+1 _> 0,

(A + m(Ogar — 0700)) Ak + 0% Bin)
FNﬁLM = FLBHM = 0.

Computing the partial derivatives of Fyys;j, k=L, M and p= N, M :
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14+0%) (A, +0% 5%
G~ : (Aﬂe%ﬁkxﬁw))(l — Brur)

F = —
o (r+5)(1 = By )? ’
Frp, =0, #k,
0% YA —Bren)Brn
CkMekM — Ji o + Yl
FkﬁkM _ A(1=BN) A +H0% B n) >0

r+s

It can be shown that Fyarg,, > 0, k = L, H, if Ay + 2035,y < 1. Thus, a
sufficient condition for Fyarg, , > 0is 1 < B n(1+6%). A sufficient condition
for Fyare,,, >0,k =L, H, is (1 — Byn)teps > 1.

Using Cramer’s rule we compute the sign of the following derivatives 6%9”— <

00 . 00 00 00 .
0, G52 > 0, # k, g7 < 0,530 <0, 4 >0, # .

However the signs of = aekM .k = L, H are ambiguous. We derive sufficient

conditions for ge’“M < O.

This inequality is ‘obtained if

(5 +0%)Ben + (1 + Ben)ins > Onars
(14 B )0 >

We now derive the comparative statics of the different wages with respect to
the different 3;,

7.6.2 Comparative Statics on Wages

Owen _ BrntanyMe = Bpn) Opn - Brntrny(1 + py) Oprar (41)
9B, (e + Brntn)? 985, (A +Brntn)* 98y,
feny (1 + pNpn) A OBy
Ak + Ben0n)?* 08,

where = dﬁ =0 for j # k and p # N. Similarly,

00
} + BrmCrm 98,

Owpr o (1= Brm) {w Ipn Owrn (42)

0B, (1— B | a8, " ap,,
(1 - BkM)wkN aBkN

pNwiy  9fyn
—+ (1 _ BkN)Q aﬁjp + (CkMeLM + PeypY — (1 _ ﬁLN)) aﬁjp )

We see from (41) and (42) that %&Z =0 for j # k, and v # p.
ir
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s : 6wkN . 8wkN
From these derivatives we see that By < 0 for j # k, and B < 0, for

j # k. All the signs of the other partial derivatives are ambiguous. In a proof
available upon request we show that g—qgiff > 0 if |eg, \ pn| < 1. Similarly we

show that g;’—:ﬁ < 0 if conditions (26) to (29) are satisfied. In that case a

sufficient condition for ggﬂ < 0is
kM

‘G/BkapN‘ > 2‘€BkapkM“

It can also be shown that if condition (28) is satisfied then a sufficient con-

dition for %‘Eﬁ > 0is |eg, ypn| < 1.
It is straightforward to show that gg—’?ﬁ < 0 if (35) holds.
J

Finally, one can show that gg—:ﬁ > 0 if (35) holds, and if the following
inequalities are satisfied:

28k > 1,
(1= Brn) > (14 2pn) Ben,s

‘eﬂklvaN‘ < 1.

7.6.3 Comparative Statics on Steady State Stocks

Computing the comparative statics with respect to the steady state stocks
we get

Oipny  smp(s +pem)® Oy smpn (25 + 2ppns + p) OpLu

985, N Aiﬂ(s + pinr)? 985, )‘erl(S + D )? 9B,

and

Oiry _ STy, Oprm
aﬁ]p (8 +pkM)2 8/8]/) '

From this we see that 24X < ( for j # k, &4 > 0 for j # k, and

985, 9B,
By < 0. |
It can also be shown that 248 < (.

8ka
Under conditions (26), (27), (28), and (29), we showed that conditions (38)

and (39) are satisfied implying that

DN 4dsppmprnT | By OpN Bin Oprnr
<= 5 - <0,
iy A (s +prm)? | oy OBy, pem OBy,

where the last inequality holds if |es, , pn | > 2]€8, 5 pinsl-
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7.7 Additional descriptive statistics

Employee subgroup

Low-educated

Highly-educated

Low-educated

Highly-educated

Non-management Non-management Management Management
1992 17,083 30,674 32,897 47,948
(9,753) (15,802) (20,564) (23,982)
1993 17,106 30,948 33,076 49,122
9,875) (15,887) (21,298) (26,472)
1994 16,926 30,339 34,134 50,932
(10,241) (17,031) (23,079) (28,569)
1995 16,824 29,709 34,786 52,654
(10,258) (16,145) (23,736) (30,913)
1996 17,012 29,888 32,643 51,422
(10,261) (16,264) (22,141) (29,823)
1997 16,796 28,791 33,215 50,498
(10,026) (16,001) (22,396) (30,606)
1998 17,289 30,184 34,305 53,405
(10,610) (17,668) (22,846) (31,666)
1999 17,540 30,301 34,440 53,672
(10,753) (17,193) (23,357) (34,674)
2000 17,623 30,510 34,181 53,341
(11,133) (18,938) (22,571) (31,668)
2001 18,430 30,674 33,572 53,819
(11,138) (18,212) (22,179) (32,710)
2002 18,290 28,005 37,557 54,497
(10,626) (17,507) (24,836) (33,886)
2003 18,519 28,244 40,245 55,795
(10,950) (18,187) (24,463) (34,016)
Real income growth 8.4% -7.9% 22.3% 16.4%
1992-2003
# observations 3,898,990 487,956 112,561 50,198

Note: Standard deviation in parenthesis.
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Employee subgroup

Low-educated Highly-educated Low-educated Highly-educated
Non-management Non-management Management Management

1992 0.873 0.085 0.031 0.011
1993 0.872 0.092 0.027 0.009
1994 0.871 0.092 0.026 0.011
1995 0.870 0.093 0.025 0.011
1996 0.862 0.096 0.031 0.012
1997 0.861 0.099 0.028 0.011
1998 0.859 0.100 0.029 0.012
1999 0.860 0.103 0.027 0.011
2000 0.860 0.105 0.024 0.011
2001 0.849 0.115 0.024 0.012
2002 0.835 0.141 0.014 0.010
2003 0.828 0.148 0.014 0.010
Change in -5.2% 74.1% -54.8% -9.1%
employment

1992-2003

# observations 3,898,990 487,956 112,561 50,198

Table A2. Employment changes, 1992 to 2003
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