A Joint Theory of Polarization and Deunionization?
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Abstract
Over the past 50 years, the U.S. and several European labor markets have
undergone two most incisive developments: job market polarization and deunionization. In this paper, we argue that routine-biased technical change
is not only the driving force behind polarization, as prevalently assumed,
but that routine-biased technical change is the common driving force behind
both deunionization and polarization. In a search and matching framework
with endogenous occupational and endogenous union membership choices, we
show that the shift in employment and income shares in favor of high-skill
and low-skill occupations worsens the bargaining position of unions, which
crucially depends on the occupational structure inside a firm. This directly
affects the votes of workers, who base their membership choice on the potential union wage premium. The ensuing deunionization provides further
incentives for middle-wage workers to switch occupations and thus amplifies
both job market polarization and the increasing income inequality.
Keywords: Labor markets, Inequality, Search and matching, Unions,
Occupational choice
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1. Introduction
Job market polarization and deunionization have radically changed the
labor market over the last decades. Job market polarization refers to the
falling employment shares in middle-skill occupations and increasing shares in
low-skill and high-skill occupations.1 The share of routine employment in the
U.S. has been continuously decreasing and is now almost 10 percentage points
below the value in the 1980s. Deunionization describes the ongoing declinie
in union membership rates that is accompanied by an increase in inequality.2
According to the Union Membership and Coverage Database constructed by
Hirsch and Macpherson and described in Hirsch and Macpherson (2003), U.S.
private sector union membership rates declined from 24.2% in 1973 to 6.5% in
2017. This decline is present throughout various industries and occupations.
In this paper, we argue that job market polarization and deunionization
have a common driving force in the form of routine-biased technical change.
Figure 1 plots the relative price for investment goods, the employment share
of workers in routine occupations and the union membership rate for U.S.
data between 1955 and 2005.3 The relative price of investment goods has
decreased since the 1970s.4 Both the share of routine workers and the union
membership rate have declined since the 1970s, with the rate of change increasing in the 1980s. From 1990 onwards, the decline of both series slowed
down again.
The prevalent explanation for polarization is the routinization hypothesis,
which relies on the assumption that machines or computers replace middlewage workers in occupations performing routine tasks.5 The non-routine
1

Empirical studies on this phenomenon include the seminal work by Autor et al. (2006),
Goos and Manning (2007), Goos et al. (2009), Autor and Dorn (2013), and Kerr et al.
(2016) among many others.
2
Important contributions include Troy and Sheflin (1985), Waddington and Whitston
(1997), Baldwin (2003), Checchi et al. (2010), and Frandsen (2012).
3
The FRED series for the relative price of investment goods is measured as the investment deflator divided by the consumption deflator. The relative price for investment
goods was chosen over the price for computer capital since data on the latter is more
reliable and is available for a longer time period.
4
Hubmer (2018) argues that there has been a substantial acceleration in the decrease
of the relative price of equipment and software since 1982.
5
See, for example, Autor et al. (2003), Autor et al. (2006), Autor and Dorn (2013),
Michaels et al. (2014), and Feng and Graetz (2015). Other explanations are for example
offshoring and changing institutions. Goos et al. (2009) develop and estimate a simple
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Figure 1: Relative Price for Investment Goods, Share of Routine Workers, and U.S. Union
Membership Rate

Note: The share of workers in routine occupations is constructed using the dataset and the occupational
classification from Autor and Dorn (2013). Union membership rates are constructed using data from
Mayer (2004), who merges data calculated by the CRS from the monthly Current Population Survey with
data from the BLS and the Union Membership and Coverage Database. The relative price for investment
goods is plotted as an index with 1977 = 100. Since computer capital played no major role before 1970,
the series for the relative price of investment goods from the FRED is not displayed for the time period
between 1955 and 1970.

nature of tasks performed by low-wage and high-wage workers means that
their jobs are difficult to automate. Unlike for job polarization, no consensus
has yet emerged regarding the source of deunionization.6 Up until now,
technical change as a cause for deunionization has received scant attention
in the literature.7
model to capture the effects of technology, globalization, institutions and product demand
effects on the demand for different occupations in Western Europe. Their results suggest
that the routinization hypothesis of Autor et al. (2003) is the single most important factor
behind the observed shifts in employment structure.
6
Explanations range from technological and organisational changes to globalisation, the
decline of the manufacturing sector, the expansion of flexible forms of work, and population
ageing.
7
The few papers combining deunionization and technical change are Acemoglu et al.
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Deunionization and polarization have both proven to be especially harmful for middle-wage workers: job market polarization because the relative
shifts in labor demand away from routine occupations have suppressed wage
growth in that area, and deunionization because unionization rates are highest among middle-skill workers and those are also the workers that tend to be
favored by union wage schedules. American middle class workers have been
in focus for U.S. politicians not just since President Barack Obama declared
himself ”a warrior for the middle class” in his speech on the middle class on
July 24, 2013. Even though the share of U.S. households classified as middle
class by the American Institute for Economic Research has declined steadily
since the 1980s, in 2013 still roughly 50% of households count as middle
class. Thus, identifying and implementing suitable policies to support the
middle class has become an ever more pressing issue for todays policymakers,
especially considering the recent trends of political radicalization among this
group.
To the best of our knowledge, we are the first to explain both job market
polarization and deunionization by a common source and the first to combine routine-biased technical change with an endogenous union membership
decision in an economic model. This allows us to study job market polarization and deunionization in a joint theoretical framework. While outlining
our model setup, we give a detailed description of labor market facts on job
market polarization, union structure, and deunionization that a theoretical
model should take into account.
We introduce an endogenous occupational decision and an endogenous
union membership decision into a search and matching model of the labor
market. Workers are heterogeneous and differ with respect to their ability. When unemployed, previous routine workers can decide to remain routine workers or to switch to manual occupations. Similar to the structure
proposed in Taschereau-Dumouchel (2017), employed workers decide via an
election whether they want to form a union, and consequently a collective
bargaining unit, or bargain individually about their wages with the firm.8 If
the majority of a bargaining unit votes in favor of the union, they receive
wage payments according to a union wage schedule through which the union
(2001), Açıkgöz and Kaymak (2014) and Dinlersoz and Greenwood (2016).
8
A bargaining unit is commonly defined as a group of employees that shares a set of
interests and may be reasonably represented by a collective bargaining agreement.
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distributes its share of the joint surplus.
The main mechanism behind our results is quite simple. Computer capital, which is able to replace routine tasks, becomes cheaper. This diminishes
the demand for routine workers, whereas abstract and manual workers, who
are complementary to routine tasks, are in great demand. The change in the
labor demand structure influences workers wages, which provides incentives
for routine workers to switch occupations. Non-union wages for workers employed in manual and abstract tasks increase by more than non-union wages
for routine workers. Union wages are determined by the share of the total
surplus that the union receives and by the rigid union wage schedule. The
drop in the price for computer capital positively affects the total surplus
which is distributed among all workers in the bargaining unit. In line with
the empirical literature, relatively unskilled middle-wage workers employed
in routine occupations receive the highest wage premium. As a consequence,
the non-union wages for manual workers experience a stronger increase relative to their union wages. This leads to a drop in the union wage premium
for low-skilled workers and discourages them from voting in favor of a union.
The model is calibrated to match U.S. data for the time period between
1977 and 2005. We simulate an economy with heterogeneous unions that
differ with respect to their bargaining power. In such a setup, and in line
with the empirical evidence, those unions with the lowest bargaining power
and the lowest union wage premium will be the first to disappear. Hirsch
and Schumacher (2004) estimate an increasing wage premium in the early
1930s and in the late 1970s to early 1980s. Both periods were, according to
Troy and Sheflin (1985), preceded by years with exceptionally large numbers
of union termination. Furthermore, since the unionization rates among lowskilled and middle-skilled workers decrease, the average union member does
not become less skilled over time. This accords with the empirical evidence
in Farber et al. (2018), who show that union members became more rather
than less skilled over the last decades. Models linking deunionization to skillbiased rather than routine-biased technical change, for example Acemoglu
et al. (2001), contrast strongly with this empirical observation.
Predicted changes in employment per capita, employment shares, wages,
and union membership rates are all close to the data. The simulation suggests
that up to 25% of the changes in employment per capita for routine and
manual workers are driven by deunionization, since the loss of their large
union wage premium leads to switches of formerly unionized routine workers
to manual occupations. In line with Frandsen (2012), the average effects
5

of deunionization on wages and thus also on income inequality are modest:
unions reduce inequality by 6%, and roughly 10% of the increase in income
inequality between 1977 and 2005 is caused by the termination of unions.
However, the effects on the mid-wage workers favored by the union wage
schedule are substantial. For the lower-skilled formerly unionized routine
workers, the model predicts a wage increase of about 2% compared to an
estimated increase of 13% in a scenario without deunionization. For that
group of workers about 25% of the increase in income inequality compared
to the highest skilled workers is due to deunionization. Additionally, over
25% of the decrease in the income share of lower-skilled mid-wage workers
can be associated with union termination.
In view of our results, the increase in inequality could be lessened if
unions were able and willing to adjust to the recent developments on the
labor market. However, empirical evidence suggests that unions are troubled
by rigid structures that partly prevent them from meeting today’s challenges.
Waddington (2005) argues that trade union practices are perceived as formal
and old-fashioned and that the representative structures inside unions are
often innapropriate for the participation of all members. This is in line with
the evidence that the decline in membership rates can mostly be attributed
to the failure of unions to recruit young members. While membership rates
decline across all age groups, according to data from the Bureau of Labor
Statistics, membership rates for workers aged between 16 and 24 declined at
twice the rate of overall membership between 2002 and 2012. Data on the
evolution of the median age of union members points in the same direction.
Dunn and Walker (2016) point out that over half of all U.S. union members
are between 45 and 64 years of age. Thus, it seems that unions are mostly
controlled and influenced by older members that might display a tendency
to stick to established practices. The recent article ”Technology may help to
revive organised labour” (2018) in The Economist puts forth the argument
that new technology could help unions to regain members. This argument is
supported by the example of a union of Youtube employees that was formed
by potential members joining a facebook group. While the example might
be nothing more than a marketing gag, it seems obvious that a more modern
structure is needed in order for unions to attract more and especially younger
members.
The remainder of the paper is organized as follows. Previous research and
the links between job market polarization and deunionization are discussed
in the next section. The model is presented in Section 3 and Section 4
6

describes the quantitative analysis in detail. Policy implications are discussed
in Section 5. To conclude, the results are summarized in Section 6.
2. Linking Polarization and Deunionization
Since both polarization and deunionization are prevalent topics in the
empirical literature, we are not the first to think about potential linkages
between these two phenomena. Autor (2010) argues that while unions did
contribute to the changing employment patterns, it is unlikely that deunionization is one of the main causes of job market polarization due to the fact
that unions only have a very limited ability to affect employment levels. Goos
et al. (2009) find that changes in general wage-setting institutions play only
a minor role in explaining job polarization. However, as Firpo et al. (2009)
propose, deunionization might have played a larger role for wage polarization:
since unions tend to compress the distribution of earnings, falling unionization rates might lead to a widening of the wage gap. While it seems unlikely
that deunionization caused job market polarization, the reverse appears to
be more plausible. With jobs and workers in the middle of the skill distribution disappearing, coalitions between workers of different skill groups are
likely to become harder to maintain. 9
We argue that job market polarization and deunionization have a common
cause in routine-biased technical change. Overall union membership rates in
the U.S. began to decrease in the late 1950s, which is usually explained
by political resistance and the sharp increase in labor force participation of
women who tend to be less unionized.10 However, the number of private
sector union members increased until the 1970s, with the increase in the
1960s being similar in size to the increase in the 1940s. Furthermore, the
statistics on union creation and termination in Troy and Sheflin (1985) show
that in no year since the late 1890s were more unions started than in 1970.
The most terminations since 1920 are observed in 1980, while in the 1950s
and 1960s almost no unions were terminated. This evidence on the declining
union membership rates fits well with the starting point of job polarization.
9

The former link has been put forward in multiple studies including but not limited
to Alderson and Nielsen (2002), DiNardo et al. (1996), Freeman (1980), and Rueda and
Pontusson (2000). The latter approach has received only very little attention in the literature.
10
See, for example, Oh (1989) and Troy and Sheflin (1985).
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Job polarization, and to a lesser extent also wage polarization can be observed
in the U.S. and several European countries at least since the 1980s. In line
with this evidence, Meyer (2017) finds a positive cross country correlation
between union density and routine task intensity.
Figure 2: Polarization and Deunionization across Countries

Figure 2 plots the polarization indicator developed in Duclos et al. (2004) against the change in the
collective bargaining coverage for the U.S. and several European countries. For all countries, the polarization indicator is calculated for the year 2004. The percentage changes in collective bargaining coverage
are calculated based on OECD data on the share of employed workers covered by a collective bargaining
agreement in 2000 and 2015. The red line is the result of an OLS regression of the polarization indicator
on the percentage change in collective bargaining coverage. The coefficient of determination is 0.54.

Figure 2 plots the polarization indicator developed in Duclos et al. (2004)
against the change in the collective bargaining coverage for the U.S. and
several European countries.11 Despite the small sample size, the negative
coefficient in the OLS regression of the polarization indicator on the percent11

In contrast to the U.S., the differences between union membership rates and the
percentage of workers covered by a collective bargaining agreement are large for most of
the European countries. Thus, when looking at the changes in union influence, the share of
workers covered by a collective bargaining unit seems to be more appropriate. The results
also hold when exchanging the change in collective bargaining coverage for the change in
union density.
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age change in collective bargaining coverage is statistically significant at the
5%-level. The coefficient of determination, R2 , is equal to 0.54.12
Since the 1980s, the decline in U.S. union density has accelerated perceptibly. At about the same time, union membership rates began to decline
in many European countries. The decline in union membership rates is on
average more pronounced in countries with larger degrees of job and wage
polarization. This is visible when comparing the U.S. to Europe or Canada,
but also within the group of European countries. The Nordic countries,
which experienced upgrading rather than polarization, exhibit constant or
even increasing union membership rates. Relatively stable union membership rates can be observed for Canada. In accordance to that observation,
Green and Sand (2015) show that until 2005 the Canadian wage pattern
exhibits increasing inequality with greater growth in high paid than middle
paid occupations and greater growth in middle than low paid occupations.
The evidence presented in this section exposes that, contrary to the common believe, there is little discrepancy in timing between the two phenomena
of job market polarization and deunionization. This motivates us to study the
effect of routine-biased technical change on both phenomena in a joint theoretical framework. Our focus lies on the way in which technology influences
the occupational choice of workers and how this is reflected in the bargaining
between firms, individual workers, and unions. For that reason, we employ a
search and matching model à la Mortensen and Pissarides (1994) with heterogeneous workers, endogenous occupational choice, and endogenous union
membership choice. The positive match surplus due to search frictions allows us to examine different bargaining regimes. Our work bridges the gap
between the literature that deals with the changing employment structures
and the literature on deunionization.
The empirical literature on job market polarization is quite extensive,
starting with the seminal work by Autor et al. (2006) that first documents
stronger wage and employment growth for low-wage and high-wage occupations in the U.S. Other influential papers include Goos and Manning (2007),
Goos et al. (2009), and Autor and Dorn (2013). These papers establish the
presence of job polarization for the UK, across European countries, and in the
U.S., respectively. However, few studies analyze these developments in a the12

When excluding the U.S., U.K., and Ireland from the sample, the beta coefficient stays
strongly negative but becomes insignificant.
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oretical framework. We follow the theoretical framework of Albertini et al.
(2017), who develop a multi-sectoral search and matching model with endogenous occupational choice to examine the impact of task-biased technical
change. Other related work includes Jaimovich and Siu (2012), Zago (2017),
Nellas and Olivieri (2011), and von Brasch et al. (2018). Jaimovich and Siu
(2012) use a simple search and matching model with occupational choice
and routine-biased technical change to explain job polarization and jobless
recoveries. Zago (2017) studies the effect of job polarization and the Great
Recession on the allocation of skills across occupations in a model which
combines elements of a Diamond-Mortensen-Pissarides search and matching framework with a model of cross-skill mismatch. Nellas and Olivieri
(2011) analyze the joint effect of technology and institutions on labor market
changes. von Brasch et al. (2018) analyze the effect of deunionization on job
polarization in a small open economy model.
Technical change as a source for deunionization has received very little
attention in the literature. Acemoglu et al. (2001) show that skill-biased
technical change can trigger deunionization by increasing the outside option
of skilled workers. In their model, deunionization is entirely driven by quitting high-skilled workers. This stands in sharp contrast to the empirical evidence in Açıkgöz and Kaymak (2014) and Farber et al. (2018). Açıkgöz and
Kaymak (2014) show that union coverage declines over all skill types with
middle-skilled workers losing the largest proportion. Farber et al. (2018)
provide evidence for union members becoming more and not less skilled over
time. Açıkgöz and Kaymak (2014) are the first to study deunionization in
a search and matching framework with an endogenous union membership
decision. In their model it is a rise in the skill premium that encourages the
most skilled workers to leave the union, while unions themselves decide to
get rid of the least skilled workers. Dinlersoz and Greenwood (2016) focus
on the connection between technology, unionization, and inequality. In a
general equilibrium model of unionization with heterogeneous firms, skilled,
and unskilled labor, they show that when the productivity of unskilled labor
is high, the union decides to organize a lot of firms and demands generous
wages for its members.
A large literature analyzes search and matching models à la Mortensen
and Pissarides (1994) with collective wage bargaining, but only a few are
dealing with the phenomenon of deunionization. Pissarides (1986) introduces a monopoly union into the Pissarides (1985) framework, and studies
the impact on equilibrium outcomes in the labor market. Ortigueira (2006)
10

provides an explanation for the initial establishment of collective wage bargaining and deunionization in a search and matching model. In his model,
the setup of unions and its collapse can be accounted for in terms of the interplay of fiscal and technological links among different types of workers. In
Taschereau-Dumouchel (2017) unions are created by a majority vote within
a firm. The possibility of unionization distorts the behavior of non-union
firms, who over-hire high-skill workers, who vote against the union. Bauer
and Lingens (2010) study the welfare and employment effects of individual
versus collective bargaining in a large firm search model with homogeneous
workers. Krusell and Rudanko (2016) analyze a labor market with search
and matching frictions, homogeneous workers, and decreasing returns to scale
in production where wage setting is characterized by collective bargaining.
They find that wage solidarity leaves the unionized labor market vulnerable
to potentially substantial distortions due to hold-up. Garibaldi and Violante
(2005) and Boeri and Burda (2009) study the effects of employment protection policies, and Ebell and Haefke (2009) the effects of product market
regulation. These papers generally introduce unions as an explanation for
exogenous wage compression.
3. Model
In this section, we present a discrete time search and matching model with
an endogenous occupational and an endogenous union membership choice.
Workers are heterogeneous, differ with respect to their ability η, and are born
as either manual, routine, or abstract workers. For each ability level there is
a continuum of workers. As depicted in Figure 3, when unemployed, workers
formerly employed in routine tasks can choose to switch occupations and join
the unemployment pool of manual workers.13 In our model, in the spirit of
Taschereau-Dumouchel (2017) unions arise endogenously through elections
within firms.14 When a simple majority of the respective bargaining unit
votes in favor of a union, a collective bargaining agreement is formed and
wages are bargained collectively between the respective firm and the union.
The collective bargaining agreement covers all workers in the bargaining unit,
13

To ease notation, and in line with empirical evidence, we abstract from other switches.
As the production function features constant returns to scale, in contrast to
Taschereau-Dumouchel (2017), firms have no incentive to overhire high-wage and lowwage, and underhire middle-wage workers in our model.
14
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regardless of whether or not the worker votes in favor of the union. 15 Thus,
in our model deunionization works through within-industry shifts in unionization rates rather than between-industry shifts in employment. This is consistent with the evidence presented in Baldwin (2003). A firm uses computer
technology K and workers in abstract La (η), routine Lr (η) and manual jobs
Lm (η) as input factors.16 Routine workers can be substituted by computer
technology K, whereas abstract and manual workers are complementary to
routine tasks. Routine-biased technical change is introduced through falling
computer capital prices.
Figure 3: Labor Market Flows

As shown in Figure 4, the model is characterized by two different types of
thresholds: one concerning the occupational choice of workers and one con15

In the simulation the bargaining unit will, as depicted in Figure 3, consist of all manual
and routine workers. However, the general model setup presented here allows for a wide
range of different bargaining units. Subsection 3.6 takes a closer look at our specific choice
of the bargaining unit.
16
Evidence presented in Kerr et al. (2016) suggests that within-firm polarization is at
least as important as between-firm polarization. Tüzemen and Willis (2013) show that
job market polarization is mainly driven by changes in employment composition within
industries, with changes across industries accounting only for a minor part. Contrary to
conventional modeling strategies, the largest part of polarization is not explained by shifts
away from industries such as manufacturing but by shifts from middle-skilled to low- and
high-skilled jobs within industries
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cerning the union membership decision. The occupational threshold between
manual and routine workers is denoted by the ability level ηm . Workers born
with an ability level greater than ηm work in routine occupations. Following
Albertini et al. (2017), workers have homogeneous skills at performing manual tasks. This is consistent with the view that blue-collar workers differ in
performing their tasks on the assembly line, while for manual workers like
janitors differences in ability do not translate into differences in performing
their jobs. In line with the empirical evidence in Smith (2013), labor supply of abstract workers is exogenous. The greatest part of the increase in
high-skilled labor supply is not due to switches from former routine workers
but due to increased educational attainment. The occupational threshold
between routine and abstract workers is denoted by the ability level ηa .
The second type of threshold is related to the union voting decision of
workers. Workers can decide to form a union which bargains with the firm
and distributes the surplus according to a union wage schedule. If a majority of the workers in a bargaining unit votes against a union, each worker
bargains with the firm individually.17 Relative to individual bargaining, the
union has a stronger threat point which leads to an increase in wages for
workers within a specific range of abilities. The voting decision of an individual worker is endogenously determined by comparing union and non-union
wages, and thus directly depends upon the potential union wage premium.
There are two ability thresholds in the model regarding the union voting
u
u
u
u
decision of workers denoted by ηlow
and ηhigh
(with ηlow
> ηhigh
). All workers
with ability levels between these two thresholds receive a positive union wage
premium and therefore decide to vote in favor of the union. Thus, whether
a union is established or not depends crucially on the composition of the
workforce in a firm.
3.1. Labor Market Frictions
Labor markets are characterized by search and matching frictions à la
Mortensen and Pissarides (1994). Search is directed, as there are labor submarkets for each of the three occupations and for each ability level η. Within
each pool, vacancies and unemployed workers are matched randomly in any
period. Given the number of vacancies vi (η) posted and the share of unemployed workers ui (η) for every occupation and every ability level η, the
17

This setup is in line with the institutional framework for U.S. unions described in
detail in Subsection 3.6.
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Figure 4: Occupational and Union Membership Choice

Note: The exact position of the voting thresholds crucially depends upon the union bargaining power
and the union wage schedule.

number of matches is determined by the following Cobb-Douglas matching
technology
mi (η) = Ψvi (η)ψ ui (η)1−ψ where 0 < ψ < 1 and i = a, r, m.
A vacancy is filled with probability qi (η) =
ability is fi (η) =

mi (η)
.
ui (η)

mi (η)
vi (η)

and the job finding prob-

The labor market tightness is defined as the ratio

vi (η)
.
ui (η)

When the labor market is tight, many firms compete for few
θi (η) ≡
unemployed workers. The job finding probability is high but the job filling
rate is low.
3.2. Occupational Choice
Workers can either be employed in abstract, routine, or manual tasks.
Existing jobs are destroyed at the exogenous rates si , with i = a, r, m. When
fired, routine unemployed workers can choose to remain routine workers or to
switch occupations and join the pool of unemployed workers looking for manual jobs. The value functions for union workers employed in the respective
occupations are given by

14

u
n
Wau (η) = wau (η) + Γ + β[(1 − sa ) 1u,+1 Wa,+1
(η) + (1 − 1u,+1 )Wa,+1
(η)



+ sa Ua,+1 (η)],


u
n
Wru (η) = wru (η) + Γ + β (1 − sr ) 1u,+1 Wr,+1
(η) + (1 − 1u,+1 )Wr,+1
(η)
+ βsr max {Um,+1 (η), Ur,+1 (η)},

n
u
u
(η)
(η) + (1 − 1u,+1 )Wm,+1
(η) + Γ + β[(1 − sm ) 1u,+1 Wm,+1
Wmu (η) = wm
+ sm Um,+1 (η)],

u
where wau (η), wru (η) and wm
(η) denote the wage received by a union worker
n
n
n
and wa (η), wr (η) and wm (η) the wage received by a non-union worker with
ability η in abstract, routine and manual tasks respectively. Γ denotes government transfers received by the households. 1u is an indicator function
with 1u = 1 if and only if the worker is a union member. If a simple majority
of a bargaining unit votes in favor of a collective bargaining agreement, a
union is created and wages are bargained collectively between the firm and
the respective bargaining unit. The collective bargaining agreement covers
all workers in the bargaining unit, regardless of whether or not the worker
votes in favor of the union. If the vote fails to gain majority support, the
firm remains union-free and wages are bargained individually between each
worker and the firm. Therefore the term 1u,+1 indicates if a worker in the
firm is covered by a collective bargaining regime in the next period. The
term max {Um,+1 (η), Ur,+1 (η)} governs the occupational choice of routine
workers when unemployed in the next period. The non-union workers value
functions are given by

u
n
Wan (η) = wan (η) + Γ + β[(1 − sa ) 1u,+1 Wa,+1
(η) + (1 − 1u,+1 )Wa,+1
(η)

+ sa Ua,+1 (η)],
Wrn (η)



u
n
= wrn (η) + Γ + β (1 − sr ) 1u,+1 Wr,+1
(η) + (1 − 1u,+1 )Wr,+1
(η)
+ βsr max {Ur,+1 (η), Ua,+1 (η), Um,+1 (η)},


n
u
n
Wmn (η) = wm
(η) + Γ + β[(1 − sm ) 1u,+1 Wa,+1
(η) + (1 − 1u,+1 )Wa,+1
(η)
+ sm Um,+1 (η)].
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When unemployed, workers lose their union membership.18 Therefore,
the value functions for unemployed workers are identical for former union
and former non-union members and given by
u
(η)
Ua (η) = za (η) + β[(1 − fa (η))Ua,+1 + fa (η) 1u,+1 Wa,+1

n
+ (1 − 1u,+1 )Wa,+1
(η) ],
n
n
u
Ur (η) = zr (η) + β[(1 − fr (η)) max {Um,+1
(η), Ur,+1
(η)} + fr (η) 1u,+1 Wr,+1
(η)

n
+ (1 − 1u,+1 )Wr,+1 (η) ],
u
Um (η) = zm (η) + β[(1 − fm (η))Um,+1 + fm (η) 1u,+1 Wm,+1
(η)

n
+ (1 − 1u,+1 )Wm,+1 (η) ],

where za (η), zr (η) and zm (η) denote the unemployment benefits received by
abstract, routine and manual workers with ability η.
3.3. Firms
Good-producing firms use three intermediates goods, Za , Zr and Zm , as
input factors to produce the final product Y . Za is produced with abstract
jobs La , Zr with computer technology K and routine workers Lr (η) and Zm
with manual jobs Lm (η). Routine workers and computer technology K are
close substitutes, whereas abstract and manual workers are complementary
to routine tasks. Due to constant returns to scale in production, the firms
maximization problem can be solved in two steps. The firms problem is given
by
Π = max{Y − pZa Za − pZr Zr − pZm Zm }
s.t. Y ≤ [(AZaα Zr1−α )ρ + (Am Zm )ρ ]1/1−ρ .
Firms maximize profits by choosing employment next period and the number
of vacancies to be posted, subject to the firm-level employment constraint.
Job creation comes at a flow cost of ca , cr , and cm . The behavior of firms in
18

This is in line with Lewis (1989) who finds that unions are not perceived to represent
the interests of the unemployed.
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producing the intermediate good Za using workers in abstract non-routine
cognitive jobs La is described by
n
o
Za
n
Za
u
Π = max pZa Za − 1u wa La − (1 − 1u ) wa La − ca va + βΠ+1
s.t. Za ≤ La
La,+1 = (1 − sa )La + qa va ,
La,+1 denotes the total abstract workforce with ability level next period. 1u
is again the indicator function with 1u = 1 indicating if the workforce in the
firm is covered by a collective bargaining regime.
The behavior of firm in producing the intermediate good Zr using workers
in routine tasks Lr (η) and computer technology K is described by
Z η̄
Z η̄
n
Zr
u
Π = max pZr Zr − pK K − 1u
wr (η)Lr (η) − (1 − 1u )
wrn (η)Lr (η)
η
η
Z η̄
o
− cr
vr (η) + βΠZ+1r
η


Z
s.t. Zr ≤
(1 − µ)

η̄

1
σ

σ
ηLr (η) + (µK)σ

η

Lr,+1 (η) = (1 − sr )Lr (η) + qr (η)vr (η)
where η̄ denotes the exogenous ability threshold between workers in routine
and abstract tasks.
The behavior of firms in producing the intermediate good Zm using workers in non-routine manual tasks Lm is described by
n
o
n
u
ΠZm = max pZm Zm − 1u wm
Lm − (1 − 1u ) wm
Lm − cm vm + βΠZ+1m
s.t. Zm ≤ Lm
Lm,+1 = (1 − sm )Lm + qm vm .
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3.4. First Order Conditions
Defining the value of a marginal worker in abstract non-routine cognitive
occupations for a firm as Ja , the first-order conditions for hiring and vacancy
posting are given by
ca = µ a q a ,
µa = βJa,+1 ,
where µa is the Lagrange-multiplier on the employment constraints for workers in abstract occupations. The corresponding value of a marginal worker
in abstract non-routine cognitive occupations for a firm is given by
Ja = ηpZa − 1u wau − (1 − 1u )wan + (1 − sa )βJa,+1 .
Defining the value of a marginal worker with ability η in routine occupations for firms as Jr (η) the first-order conditions for hiring workers in routine
tasks and vacancy posting are given by
cr (η) = µr (η)qr (η)
µr (η) = βJr,+1 (η),
where µr (η) is the Lagrange-multiplier on the employment constraints for a
worker with ability η in routine occupations. The corresponding value of a
marginal worker with ability η in routine occupations for a firm is given by
Jr (η) = pZr yr (η) − 1u wru (η) − (1 − 1u )wrn (η) + (1 − sr )βJa,+1 ,
K
∂Z2
= η(1 − µ)σ [(1 − µ)σ + (µk)] and k ≡ R η̄
.
with yr (η) =
∂Lr (η)
ηLr (η)
η
Defining the value of a marginal worker with ability η in non-routine
manual occupations for firms as Jm (η) the first-order condition for hiring
workers in manual tasks and vacancy posting is given by
cm = µ m q m ,
µm = βJm,+1 ,
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where µm is the Lagrange-multiplier on the employment constraints for worker
in manual occupations. The corresponding value of a marginal worker with
ability η in manual occupations for a firm is given by
u
n
Jm = pZm − 1u wm
− (1 − 1u )wm
+ (1 − sm )βJm,+1 .

3.5. Job Creation Conditions
Since firms are subject to vacancy posting costs, the Job Creation conditions are given by
c̃
= β J˜+1
q̃
with c̃ = ca , cr , cm ,
q̃ = qa , qr (η), qm ,
J˜+1 = Ja,+1 , Jr,+1 (η), Jm,+1 .
Together with the values of marginal workers for firms, it follows that
#
"
ca
c
a
,
= β ηpZa − 1u,+1 wau − (1 − 1u,+1 ) wan + (1 − sa )
qa
qa,+1
"

#
cr
cr
u
n
= β pZr yr (η) − 1u,+1 wr (η) − (1 − 1u,+1 ) wr (η) + (1 − sr )
,
qr (η)
qr,+1 (η)
"
#
cm
cm
u
n
= β pZm − 1u,+1 wm − (1 − 1u,+1 ) wm + (1 − sm )
.
qm
qm,+1
As we are mainly interested in the long-run effect of routine-biased technical
change on the economy and especially on the wage bargaining regimes, we
focus on the steady state of the economy. The steady state job creation
conditions are given by
"
#
ca
c
a
= β ηpZa − 1u wau − (1 − 1u ) wan + (1 − sa )
,
qa
qa
#
"
c
cr
r
= β pZr yr (η) − 1u wru (η) − (1 − 1u ) wrn (η) + (1 − sr )
,
qr (η)
qr (η)
"
#
cm
c
m
u
n
− (1 − 1n ) wm
+ (1 − sm )
= β pZm − 1u wm
.
qm
qm
19

A firm hires workers of each type and each ability level η until the costs of
labor are equal to the discounted marginal product. Here the costs consist
of the vacancy posting costs plus the discounted wage minus the discounted
cost of hiring next period.
3.6. Wage Bargaining Regimes
We integrate features of the institutional environment for U.S. unions into
the model. Once a firm has hired its new workers, all manual and routine
workers vote to decide whether to form a union or not. Abstract workers
are excluded since they are generally not part of a bargaining unit consisting
of manual and routine workers. According to the National Labor Relations
Board (NLRB), professional employees who engage in predominantly intellectual and not in routine mental, manual or mechanical work are excluded
from bargaining units with manual and routine workers, since they do not
share a community of interests. Additionally, the unionization rate for highskilled abstract workers has stayed roughly constant over the last decades,
while estimates of the union wage premium for these workers tend to be close
to zero or even negative. As pointed out by Checchi et al. (2010), the reason
for union membership among the highest-skilled are mostly non-monetary
and related to their normative views on inequality. Following TaschereauDumouchel (2017), in the model unions arise endogenously through an election. Workers vote in favor of a union if the value of being a worker in a
unionized firm is a higher than the value of being a worker in a non-union
firm, meaning when their respective union wage premium is positive. Therefore, a worker in routine or manual occupation with ability η votes in favor
of a union if
Wiu (η) > Win (η), with i = r, m.
When a simple majority of the workers votes in favor of unionization, a
union is created and wages are bargained collectively between the firm and
all of its manual and routine workers.19 If the majority of the bargaining unit
votes against a collective bargaining agreement, wages are negotiated individually. Union and non-union wages are both determined by generalized
19

The wages of abstract workers will still be bargained individually between these workers and the firm.
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Nash bargaining over the match surplus. However the surplus that is bargained over differs between the two bargaining regimes. Non-union workers
bargain individually over their marginal product, while the union bargains
over the entire match surplus of all manual and routine workers. Surpluses
accruing to the matched parties are split according to a rule that maximizes
the weighted average of the respective surpluses.
By way of comparison, in the U.S., unions base their right to represent
workers on the voting decision of a so called bargaining unit. The National
Labor Relations Act (NLRA) stipulates that only a union that demonstrates
majority support in an appropriate bargaining unit can be certified as the collective bargaining representative. An appropriate bargaining unit is a group
of employees in a workplace, who meet the legal test of sufficient community
of interest to be represented by the union, whereby managers and supervisors are excluded from any bargaining unit. The structure of bargaining in
the United States is highly decentralized, with the estimated number of separate collective bargaining agreements in the U.S. ranging between 170000
and 190000 according to the Bureau of Labor Statistics.
Oh (1989) documents a steady decrease in the importance of craft unions
and an increase in the importance of industrial unions for the U.S. While
the former is mostly limited to workers of a specific craft (and therefore
of a specific skill group), the latter aims at including all workers employed
in certain industries (and therefore covers workers of different skill groups).
Moreover, most collective bargaining in the private sector takes place at the
level of the individual firm.20 The NLRA specifies the structure through
which union organization and legal recognition takes place. This structure
focuses on a system of elections to determine whether a majority of employees
in the workplace wants to be represented by a union. The union then becomes
the exclusive representative of all employees in the bargaining unit, whether
they are union members or not. If a majority of the employees votes against
union representation, the unit is not represented by the union no matter if
workers individually choose to be union members or not.
Individual Bargaining
If a majority of the manual and routine workers votes against a union,
each worker bargains individually with the firm. Denoting the worker’s
20

See, for example, Traxler (1994) and Nickell and Layard (1999).
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weight in the bargaining process by γ n ∈ [0, 1], this implies the following
sharing rule for individual bargaining
Win (η) − Ui (η) =

γn
J n (η),
1 − γn i

with i = a, r, m,
where Win (η) is the asset value of employment for non-union members,
Ui (η) is the value of being unemployed, and Jin (η) is the value of the marginal
non-union worker of type i to the firm. This results in the wage schedules
for the three occupational types given below.21
Abstract Jobs:
wan = γ n pZa + γ n ca θa + (1 − γ n ) za
Routine Jobs:
wrn (η) = γ n pZr yr (η) + γ n cr θr (η) + (1 − γ n ) zr (η)
Manual Jobs:
n
wm
= γ n pZm + γ n cm θm + (1 − γ n ) zm

It follows that the wages resulting from individual bargaining are given
by the sum of the marginal productivity of every η worker in every occupation, the search returns and the outside option. This result is identical
to the Nash-bargained wage in a standard Mortensen-Pissarides search and
matching model.
As outlined above, we consider the influence of routine-biased technical change on the occupational choice and unionization decision of workers.
Crucial for these decisions is the influence of routine-biased technical change
on both bargaining regimes. When considering the wage schedules resulting
from individual bargaining for manual, routine, and abstract workers, the
positive relationship between labor market tightness and non-union wages is
21

See the appendix for a detailed derivation of the wage schedules.
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striking. This relationship implies that workers receive higher wages when
they are relatively scarce. Routine-biased technical change reduces the demand for routine workers and increases the demand for manual and abstract
workers. The total effect is a decline in both relative tightness and relative wages for routine workers and an increase in both relative tightness and
relative wages for manual and abstract workers.
Collective Bargaining
We consider a union which negotiates wages on behalf of both manual
and routine workers within a firm. If the bargaining unit votes in favor of a
union, the union bargains over the the total surplus S u of all union members.
If no agreement on wages can be reached, all manual and routine workers go
on a strike and the firm can only produce using abstract workers and computer capital. With risk-neutral heterogeneous workers, our approach only
pins down the total share of the surplus going to the workers, not how it is
shared among them. In contrast to the approach of Taschereau-Dumouchel
(2017)Taschereau-Dumouchel (2017), we need to impose an additional parametric structure on union wages due to the linear nature of the union bargaining problem.
For simplicity, and to keep the degrees of freedom in choosing the wage
schedule small, we assume that the union sets a constant wage for each occupation. Additionally, the share of the surplus used for each occupational
group is constant over time.22 This is in line with the idea that after certain
union goals like equal pay for equal work are reached, the union mostly negotiates for across-the-board percentage wage increases. Empirical evidence
is largely supportive of this view. The total surplus is distributed according
to the following wage schedule
wru = S u ∗ xr
u
wm
= S u ∗ xm ,
where S u is the total surplus of the union and xr and xm are the shares of
the surplus that go to manual workers and routine workers, respectively. The
chosen union wage schedule tends to favor the lowest middle-wage workers
the most. Card et al. (2004) provide evidence for this type of union wage
22

The results are robust to other wage schedules as well. The share of the surplus used
for each group is kept constant, as employment shares in unionized firms will not change.
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pattern.23 Several studies support the view that the incentives for union
membership are highest for middle-skilled workers. Checchi et al. (2010)
show that the probability of union membership is largest for those workers earning roughly the median income. White (1982) finds that the wage
structure inside the bargaining unit favors those earning the median income.
Furthermore, in his literature review Schnabel (2002) shows that most of
studies concerning union membership find a negative relationship between
education and union membership. He argues that educated employees have
greater individual bargaining power. Furthermore, he finds that workers in
non-operative occupations are less likely to be union members than manual
workers and that the probability of unionization first increases with earnings,
and after a certain wage level decreases with wages. Estimates of the average
union-nonunion wage differential across workers range from close to zero in
Bryson (2002) and Frandsen (2012) to 25% in Hirsch and Schumacher (2004).
Generally, more recent studies tend to find only very small wage premia on
average.
Under collective bargaining, the outside option of a union member is not
the value of being unemployed, but the value of being a union member during
a strike.24 Therefore, denoting the union’s weight in the bargaining process
by γ u ∈ [0, 1], the following surplus sharing rule holds in the case of collective
23

Some studies argue that there exists a negative linear relationship between worker skill
levels and the union wage premium with the lowest skill workers profiting the most from
union membership. However, these estimates might be biased by the union membership
composition and by the presence of compensating wage differentials. Studies by White
(1982), Schnabel (2002) and Checchi et al. (2010) all document that union members among
low-skilled workers tend to be positively selected, while union members among middleskilled workers tend to be negatively selected. Thus, the union wage premium for lowskilled workers is likely to be overestimated, as they would earn more than their non-union
counterparts even in the absence of unions. For middle-skilled workers the reverse is likely
to be true. In addition, Duncan and Stafford (1980) among others establish the presence
of compensating wage differentials for union workers, generating an upward bias in the
estimated union wage premium. It is plausible to assume that this effects low-skilled
manual workers more than routine workers and thus adds to the overestimation of the
wage premium for low-skilled workers.
24
Since a match between a union-worker and a firm always generates a positive bilateral
surplus the possibility of a strike is zero.
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bargaining
max

XZ
i

!γ u

η̄

Lui (η) [Wiu (η) − W u,s ]

η
η̄

Z
Xn
0
pZi (Zi − Zi ) −

Li (η)wiu (η) +

η

i

Z

η̄

! u
o 1−γ
Li (η)(1 − si )βJi (η)

η

with i = r, m,
where Wiu (η) is the asset value of employment for union members with productivity η, W u,s is the value of being a union member during a strike. Zi
is again the production of each of the three intermediate goods produced
with abstract, routine and manual tasks and Zi0 the production in each of
the three sectors when manual and routine workers are on a strike.
It follows that the total surplus received by the union S u is given by 25
X
X Z η̄ ci
u
u
0
u
Li (η)
S =γ
pZi (Zi − Zi ) + γ (1 − si )
q
(η)
i
η
i
i
X Z η̄
Li (η)wu,s
+ (1 − γ u )
i

η

with i = r, m.
The total union surplus is given by the sum of the production of all η workers in manual and routine occupation, the search returns, and the outside
options. This is similar to the wage resulting from Nash bargaining in the
standard Mortensen-Pissarides search and matching model.
As shown above, there exists a positive relationship between labor market tightness and non-union wages. Similarily, the union surplus is positively
related to the number of vacancies posted. The increasing relative demand
for manual workers in response to the drop in the price of computer capital
increases the size of the share of the surplus the union can extract relative
to the non-union wages of manual workers, while the decreased relative demand for routine workers works in the opposite direction. The surplus gain is
distributed among all union workers, with middle-skill workers receiving the
25

See the appendix for a detailed derivation.
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highest union wage premium. Thus, for low-skilled workers formerly indifferent between union and non-union wages, the increase in non-union wages
is larger than the increase in union wages. The opposite is true for middleskilled workers. Thus, due to routine-biased technical change the incentives
to vote in favor of a collective bargaining agreement decrease for manual and
increase for routine workers.
Comparing Collective and Individual Bargaining
The wage schedules resulting from individual bargaining, wi (η), and the
total surplus received by the union S u exhibit very similar structures. Both
are a combination of a term related to the production, a term related to
the outside option of the worker or workers and a term related to the hiring
costs. All three terms differ between the two bargaining regimes. When
bargaining breaks down under individual bargaining, the worker becomes
unemployed. When collective bargaining breaks down, the worker goes on
a strike.26 The total surplus of the union is a function of the abilities of all
manual and routine workers, while the nonunion wage is a function of the
individual ability of the respective worker. Most important for our analysis
is the difference in the term concerning the production. Under individual
bargaining, every worker with ability η behaves as if he is the last hired
worker. In contrast, under collective bargaining the union bargains over the
production of all workers. The union has a higher implicit bargaining power
due the fact that the average product of all workers employed in routine
tasks with ability η exceeds the marginal product of a worker with ability η
performing routine tasks.27 This distinction between collective and individual
bargaining is an important driver behind the union membership decision.
3.7. Household Preferences and Demand
Households consume the good produced by the firms with input factors
Za , Zr and Zm . There are no savings. For each worker the budget constraint
is given by
C(η) = I
n
u
with I ∈ {wan , wrn (η), wru , wm
, wm
, za , zr (η), zm } + Γ.
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If we instead assume that all union workers become unemployed when bargaining
breaks down, the difference in the solutions with respect to the outside option vanishes.
27
This is not true for manual workers, where the average and marginal product is identical.
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3.8. Government Expenditures and Transfers
Government expenditures are
X
G = za ua +
zr (η)ur (η) + zm um .
η

Firms can generate profits, which are given by
Ω = ΠZa + ΠZr + ΠZm .
Therefore, the transfers received by each household are
Γ = −G + Ω.
3.9. Equilibrium
Definition 1. An equilibrium is defined as a set of i) firm’s policy functions;
ii) household’s policy functions; iii) a union wage schedule; iv) prices; and
v) a law of motion for the aggregate states, such that: i) the firm’s policies
satisfy the firm’s first order conditions and the job-creation conditions; ii)
household’s policy functions satisfy the household’s first order conditions; iii)
the wage is determined through individual or collective bargaining; iv) the
aggregate states clear the markets; v) the law of motion for aggregate states is
consistent with individual decisions and with the processes for capital prices.
4. Quantitative Analysis
This section calibrates all the parameters discussed above to match different aspects of the U.S. data for the time period between 1977, the date
from which on both polarization and deunionization can be observed in our
dataset, to 2005. We use the calibrated model to asses the effects of a drop
in investment capital prices on the occupational choice of workers and on
union elections. For the simulation we choose a setting with heterogeneous
unions that differ with respect to their bargaining power. We consider an
economy that consists of a number N of independent islands that cannot
interact with each other. All islands are identical except for the bargaining
power of the potential union. The performance of the model is evaluated
along several dimensions, especially with regard to the empirical evidence on
deunionization in the U.S.
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4.1. Calibration
The model is calibrated to quarterly frequencies. Table 1 lists the exact
parameter values as well as the source that encourages the specific choice. We
first calibrate the labor market variables. For the separation rates, we choose
values of sm = 0.13, sr = 0.085, and sa = 0.05. These rates imply an average seperation rate that is close to the actual seperation rate constructed by
the Bureau of Labor Statistics using the Job Openings and Labor Turnover
Survey for the time period between December 2000 and June 2004 which is
equal to 0.038 for the seasonally adjusted monthly time series.28 The matching efficiencies are chosen to match a steady state unemployment rate of
10%. While this value is slightly larger than the actual unemployment rate
in the U.S. for the given time period, it is common in the literature since the
standard models do not account for workers that are not strongly attatched
to the labor market.29 Vacancy posting costs are chosen to correspond on
average to 20% of a workers monthly steady state wage. This value is in
line with the empirical evidence on worker recruitment, especially when also
accounting for training costs after hiring. Unemployment benefits and strike
pay are both set to zero.30 All production specific parameters are chosen to
match data on employment per capita in 1977. As Albertini et al. (2017)
demonstrate, focusing exclusively on employment shares tends to blur polarization dynamics. In order for the results to be comparable to the related
literature, most of the values are taken from Albertini et al. (2017).
The calibration of the union bargaining powers is mainly based on Frandsen (2012) who conducts a detailed analysis of union election data from the
NLRB. In his study Frandsen (2012) reports that in about 11% of all union
elections the share of pro-union votes is 90% or higher. Thus, for 11% of the
islands the bargaining power of the potential unions is set to γ u,h = 0.22,
which generates a pro-union vote share of 90% over the considered time period.
For 22% of the islands the union bargaining power is equally distributed
between γ u,m ∈ [0.203, 0.205].31 The number of islands with that bargaining
28

The Job Openings and Labor Turnover Survey is only available since December 2000.
A month is one third of a quarter. Thus, the average quarterly separation rate is roughly
equal to 0.11.
29
See, for example, Garı́n (2015), Chugh (2009), and Petrosky-Nadeau (2011).
30
The results are robust to alternative parameter choices.
31
The results are robust to alternative intervals of the union bargaining power as long as
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Table 1: Calibrated Parameters
Symbol
β
c
ca
Ψa
Ψr
Ψm
ψ
sa
sr
sm
γn
γ u,l
γ u,m
γ u,h
xr
xm
A
Am
α
ρ
σ
µ
η̄
η
ηm,1977
gK
g La

Interpretation
Discount factor
Recruiting costs
Abstract recruiting costs
Manual matching efficiency
Routine matching efficiency
Manual matching efficiency
Unemployment-elasticity of matching
Abstract separation rate
Separation rate
Separation rate
Worker’s bargaining power
Union bargaining power
Union bargaining power
Union bargaining power
Routine Share of Surplus
Manual Share of Surplus
Productivity routine and abstract input
Productivity of manual input
Marginal return to abstract labor
Production parameter
Production parameter
Production parameter
Upper bound on skill
Lower bound on skill
Occupational threshold 1977
Growth rate of investment capital
Growth rate of abstract labor supply

Value
0.9966
0.3
0.5
0.11
0.09
0.067
0.5
0.05
0.085
0.13
0.5
0.18
0.203 - 0.205
0.22
0.81
0.19
3.5
0.3
0.3
0.65
0.74
0.5
1.77
0.48
0.72
0.024
0.014

Source
Interest rate of 4%
20% of monthly wages
20% of monthly wages
Albertini et al. (2017)
Albertini et al. (2017)
Albertini et al. (2017)
Petrongolo and Pissarides (2001)
Albertini et al. (2017)
Albertini et al. (2017)
Albertini et al. (2017)
Midpoint of literature values
Voting share Frandsen (2012)
Wage Premium Bryson (2002)
Voting share Frandsen (2012)
Favors routine workers
Favors routine workers
Occupational shares in 1977
Occupational shares in 1977
Occupational shares in 1977
Occupational shares in 1977
Albertini et al. (2017)
Albertini et al. (2017)
Occupational shares in 1977
Occupational shares in 1977
Occupational shares in 1977
Investment prices in 2005
Abstract employment in 2005

power is chosen to match the overall union density in 1977 from the Union
Membership and Coverage Database constructed by Hirsch and Macpherson
and described in Hirsch and Macpherson (2003) as well as 1977 union density
for manual and routine workers. The bargaining power is set to generate an
overall union wage premium that falls in the interval of 3% to 6% reported
in Bryson (2002). An overall wage premium that is positive but close to zero
is also supported by DiNardo and Lee (2004), and Frandsen (2012).
For the remaining islands the bargaining power of the potential unions
is set to match the average pro-union vote share of 56% in Frandsen (2012).
Thus, to generate a pro-union vote share of 49% on the remaining islands,
the bargaining power is assumed to be γ u,l = 0.18. The close elections are
also in line with the evidence in Frandsen (2012), who reports that the vast
majority of union elections are decided by only a few votes.
the share of the surplus obtained by workers in the two occupations is adjusted accordingly.
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The share of the union surplus that goes to each occupational group is
assumed to be constant over time. This suggests that, even though union
membership rates were fast declining since the 1980s, union officials did little
to adjust union policies accordingly. A study by Farber et al. (2018) indicates
that this is exactly what happened. There is little evidence for changes in how
unions distribute wages over the last several decades. This is in line with the
idea that after certain union goals like equal pay for equal work are reached,
the union mostly negotiates for across-the-board percentage wage increases.
Possible reasons for that behavior are listed in Waddington (2005): Trade
union practices are perceived as formal and old-fashioned and the representative structures inside unions are often innapropriate for the participation
of all members. This encourages the impression that trade union leadership
has lost touch with current workplace realities. Thus, it seems that unions
are mostly controlled and influenced by older members that might display a
tendency to stick to established practices.32
4.2. Simulation Results
The timing of events is as depicted in Figure 5. First, given the initial
calibration, the occupational thresholds are determined. Afterwards a union
election takes place in all firms and all islands with a union bargaining power
above φ = 0.203 are unionized. Before routine-biased technical change, overall union density is equal to 25% and the union membership rates for manual
and routine workers are both equal to one third. Capital prices begin to
fall and occupational thresholds in non-unionized firms change with former
routine workers switching to manual occupations. A new union vote takes
place in every period with unions who fail to gain majority support being
terminated. Afterwards occupational shifts occur in the previously unionized
firms.
Apparently, the model predicts that the unions with the lowest bargaining
power will be the ones that are terminated. Thus, union termination in the
model is associated with increasing average union wage premia. Hirsch and
Schumacher (2004) estimate an increasing union wage premium in the early
1930s and in the late 1970s to early 1980s. Evidence from Troy and Sheflin
32

All other parameters are calibrated according to Table 1. Since the parameter choice
is either very straightforward or common in the literature there is no value in discussing
those at length.
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Figure 5: Timing of Events

(1985) suggests, that both periods of time were preceded by exceptionally
large numbers of union termination.
Table 2: Simulated Employment in 1977 and 2005

Occupation
Manual
Routine
Abstract

Employment Per Capita 1977
0.10 (19%)
0.31 (56%)
0.14 (25%)

Employment Per Capita 2005
0.13 (20%)
0.28 (46%)
0.21 (34%)

Note: Employment per capita is the employment level divided by the aggregate population. Employment shares are given in the round brackets and calculated as employment
levels divided by aggregate employment.

Employment per capita in each occupation and employment shares in the
model are close to the values found in Jaimovich and Siu (2012), Albertini
et al. (2017), and Autor and Dorn (2013). The exact values are reported in
Table 2.33 The union membership rates for routine and manual workers are
33

The model is calibrated to the employment shares in Albertini et al. (2017) which
are at the upper end of the values reported in Jaimovich and Siu (2012). The results
are virtually unchanged when calibrating the model to the employment shares in (Autor

31

both equal to 33.3% and the total union membership rate is 25%. According
to the union database by Hirsch and Macpherson (2003), the overall private
sector union membership rate was equal to 22% in 1977, with the membership
rates for manual workers and routine workers equal to 35.5% and 35.9%,
respectively.34
As capital prices begin to fall, employment in the non-unionized islands
adjusts, with the lowest-skilled routine workers deciding to switch to manual
occupations upon becoming unemployed. Since routine workers employed in
unionized firms are better of not switching, the increase of workers employed
in manual occupations is smaller compared to a model without unions. In the
subsequent elections, the unions with the lowest bargaining power fail to gain
majority support and are terminated. This leads to employment adjustments
in those firms that are identical to the ones happening in the non-unionized
firms. Figure 6 and Figure 7 display the percentage point changes in the
employment share for each occupation and the percentage changes in per
capita employment for each occupation, respectively.
The union wage schedule favors middle-skilled workers the most, as workers in routine occupations make up 75% of the bargaining unit but receive
81% of the surplus. Thus, the union wage schedule discourages employment
reallocation and the employment shifts are more pronounced in the model
with deunionization. For the counterfactual scenario without deunionization,
the union wage schedule is slightly adjusted in favor of manual workers, such
that all unions are able to maintain their majority. The changes in employment per capita and the changes in employment shares are both close to the
changes reported in the literature.35 Even though the manual employment
share appears roughly unchanged, there has been substantial employment reallocation with about 15% of the routine workers in 1977 deciding to switch
to manual occupations. 25% of the changes in manual and routine employand Dorn, 2013), which are at the lower end of the values reported in Jaimovich and Siu
(2012).
34
For these numbers we use data on the union density of construction workers (manual)
and manufacturing workers (routine). More detailed data on the union membership rates
of workers in manual and routine occupations is only available since 1983. From 1983
onwards, union density for all manual workers and for construction workers as well as
union density of all routine workers and manufacturing workers behave very similarly in
terms of absolute values and changes over time.
35
See, for example, Jaimovich and Siu (2012) and Albertini et al. (2017).
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Figure 6: Simulated Percentage Point Changes in Employment Shares from 1977 to 2005

Note: BLS CPS denotes the changes in employment shares according to the Bureau of Labor Statistics
Current Population Survey.

ment are triggered by the termination of unions. Thus, while the model in
line with the empirical literature predicts routine-biased technical change to
be the main explaination for job market polarization, deunionization seems
to play an important role.
The changes in employment are accompanied by changes in wages for
workers in all three occupations. Depicted in Figure 8, the model predicts
wages for manual workers to increase by 15%, wages for routine workers to
increase by 13.5%, and wages for abstract workers to increase by 26%. These
wage changes are close to the wage changes of 16%, 11%, and 25% reported
in Autor and Dorn (2013).
Just like changes in employment, wage changes are slightly more pronounced with deunionization. Inequality, measured as the 50:50 income ratio, is roughly 5% higher without unions.36 The income inequality increases
by 23% between 1977 and 2005. Comparing the different scenarios, more
than 10% of this increase are caused by deunionization. Thus, terminated
unions are responsible for 2.3% percentage points of the increase in income
36

This is also true for the 60:40 and 70:30 income ratio.
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Figure 7: Simulated Percentage Changes in Employment per Capita from 1977 to 2005

Note: BLS CPS denotes the changes in employment per capita according to the Bureau of Labor Statistics
Current Population Survey.

inequality. These rather modest effects of deunionization on inequality accord with the empirical findings in Frandsen (2012). The reason is that the
overall union wage premium is, contrary to earlier studies, close to zero.
While the overall effect of deunionization on income inequality seems to
be rather small, those groups that traditionally receive a high union wage
premium are disproportionally effected. For the 50% lowest-skilled formerly
unionized routine workers the simulated union wage premium amounted to
roughly 20% before routine-biased technical change. This group makes up
one third of all union members and 10% of the entire workforce in 1977,
meaning that the results concern several million people. Since those workers
lose their union wage premium going from 1977 to 2005, the average wage
growth for that group is only 2%. In a counterfactual exercise where the
wage schedule is adjusted to maintain union support, wages for those workers
grow by 13%. Furthermore, the relative wage of the highest-skilled workers
compared to the group of formerly unionized routine workers grows by 24%
over the considered time period, with over one third of the increase accounted
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Figure 8: Simulated Percentage Changes in Wages from 1977 to 2005

for by deunionization.37 When looking at income shares, the 50% lowestskilled routine workers make up one quarter of the population and receive
23% of the income in 1977. Going to 2005, the income share drops by 24%,
with one quarter of the decrease attributable to deunionization.
Figure 9 is the model equivalent to Figure 1. The relative price of the
investment good is halved between 1977 and 2005. The share of routine
workers drops from 56% in 1977 to 46% in 2005. The union membership
rate falls by 18 percentage points from 25% to 7.3%. In the data, the overall
union membership rate decreases by 16 percentage points from 22% to 7.9%.
For manual workers, the union membership rate falls from 33.3% to 9.4% in
the model and from 35.5% to 13% in the data. For routine workers, the union
membership rate falls from 33.3% to 12.4% in the model and from 35.5% to
13.1% in the data. The model is unable to capture the observation that the
decrease in the share of routine workers and in the union membership rates
has flattend out since the late 1990s to early 2000s. This might have to do
with the reversal in the demand for cognitive skills since 2000 reported in
37

The increase in inequality is close to the data. U.S. real weekly wages for the top 10%
have grown by 24% relative to the median real weekly wages over this time period.
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Figure 9: Relative Price for Investment Goods, Share of Routine Workers, and Union
Membership Rate

Note: The number of islands is set to N = 90 for the plot. The relative price of investment is plotted as
an index with 1977 = 100.

Beaudry et al. (2016). In the model, such a reversal would be able to generate
a flatter decrease in both the share of routine workers and the overall union
membership rates.
4.3. Deunionization in a Single Firm
In this section, in order to expose the underlying mechanisms, we focus on
the occupational choices and union elections in a firm that generates union
support in 1977 but fails to do so in 2005. The union bargaining power lies
in the interval of γ u,m . While this might appear to be a knife’s edge scenario,
Frandsen (2012) provides evidence for union decisions being on average very
close. Using data on union elections between 1992 and 2001 in which at least
ten votes were cast, Frandsen (2012) shows that the average voting share in
favor of unions is 56.5%. Unions won 54.2% percent of the elections and the
margin of victory was on average close to one vote.
Under the baseline 1977 calibration, two thirds of the manual and routine workers vote in favor of the union, as they are close enough to the
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median skill-level to profit from the union wage schedule.38 The pro-union
vote share corresponds to the average value for union elections in Frandsen
(2012). Given the high prices for computer capital in 1977, wage inequality is relatively low with the highest skilled worker earning twice as much
as the least skilled worker. Thus, for a majority of the bargaining unit the
union wage schedule is beneficial. A union is formed and all manual and
routine workers, regardless of their individual voting decision, are covered by
the union contract. The collective bargaining agreement decreases inequality
measured by the 50:50 earnings ratio by 6%.
Going from 1977 to 2005, the price of investment capital drops by 50%.
Routine workers can be substituted by computer technology K, whereas abstract and manual workers are complementary to routine tasks. The drop in
the price for computer capital K leads to a relative wage drop for routine
workers who can be replaced by computers. The high union wage premium
for the lowest-skilled routine workers discourages those workers from switching to manual occupations. Since labor supply in the occupations does not
adjust to the changing demand structure, the non-union wages for routine
workers fall by more relative to the non-union wages of manual workers.
While non-union wages of manual workers grow by 16%, union wages for
those workers only grow by 14% and manual workers decide to vote against
a collective bargaining agreement. Since union wages for routine workers
increase by more than non-union wages, more routine workers vote in favor
of a union. However, the decrease in votes by manual workers more than offsets the increasing votes among routine workers and the union voting share
drops below 50%. Routine workers lose their union wage premium and for
some it is now beneficial to switch occupations upon becoming unemployed.
The ensuing employment reallocation is identical to the one happening in
non-unionized firms.
5. Policy Implications
While routine-biased technical change hurts middle-wage workers, job
market polarization in the sense of changing employment shares does not.
38

Note, that under the assumed union wage schedule either all manual workers or no
manual worker vote in favor of the union. The results are robust to other specifications of
the wage schedule, as long as the decrease in the number of votes from manual workers is
larger than the increase in the number of votes from routine workers.
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In the model, the possibility to switch occupations allows labor supply to
adjust to the changes in labor demand and thereby to partly offset the wage
effects of routine-biased technical change. As shown by Kambourov and
Manovskii (2009), Gathmann and Schnberg (2010) and Cortes and Gallipoli
(2017), occupational switching costs could be large.39 Therefore, policies that
simplify job switches or that aim at making them less costly for workers could
serve to dampen the income inequality caused by routine-biased technical
change.
The previous analysis has shown that while the overall effect of deunionization on income inequality is small, there are huge effects for those groups
typically favored by union wage schedules. Taking into account evidence
from Frandsen (2012), who reports that most union elections are very closely
contested, even a very small subsidy for unions or union workers could lead
to large effects on income inequality for lower-skilled mid-wage workers. Such
interventions however, are not well suited to stop the overall trend of declining union membership rates.
Empirical evidence suggests that unions are troubled by rigid structures
that partly prevent them from meeting today’s challenges. Waddington
(2005) argues that union practices are perceived as formal and old-fashioned
and that the representative structures inside unions are often innapropriate
for the participation of all members. This encourages the impression that
trade union leadership has lost touch with current workplace realities. Additionally, the decline in membership rates can mostly be attributed to the
failure of unions to recruit young members. While membership rates decline
39

Kambourov and Manovskii (2009), show that occupational experience is a major determinant of earnings and that it is considerably more important than either firm or
industry tenure. They find that 5 years of occupational tenure are associated with an
increase in wages of 12% to 20%. Gathmann and Schnberg (2010) show that task-specific
human capital is an important source of individual wage growth, in particular for university graduates. For high-skilled workers at least 40% of overall wage growth over a ten year
period can be attributed to task-specific human capital. For the low- and medium-skilled,
task-specific human capital accounts for at least 35% and 25% of overall wage growth,
respectively. Cortes and Gallipoli (2017) assess the role of task distance as a component
of the cost of switching among any two occupations. They find that raising task distance
by one standard deviation increases the cost of switching occupations by approximately
14%. In addition, if the switch involves moving across major task groups, mobility costs
are raised much further. Additionally, despite the role of task content, they find that the
largest share of occupational mobility costs is attributable to task-independent factors.
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across all age groups, according to data from the Bureau of Labor Statistics
membership rates for workers aged between 16 and 24 declined at twice the
rate of overall membership between 2002 and 2012. Data on the evolution
of the median age of union members points in the same direction. Dunn
and Walker (2016) point out that over half of all U.S. union members are
between 45 and 64 years of age. Thus, it seems that unions are mostly controlled and influenced by older members that might display a tendency to
stick to established practices. The recent article ”Technology may help to
revive oragnised labour” (2018) in The Economist puts forth the argument
that new technology could help unions to regain members. This argument is
supported by the example of a union of Youtube employees that was formed
by potential members joining a facebook group. While the example might
be nothing more than a marketing gag, it seems obvious that a more modern
structure is needed in order for unions to attract more and especially younger
members.
6. Conclusion
This paper explores how routine-biased technical change effects both the
occupational and the union-membership choice of workers. To do so we
develop a model that endogenizes both decision in a search and matching
framework.
We use the calibrated model to show that routine-biased technical change,
represented by a sharp drop in computer capital prices, generates employment and wage polarization. The drop in computer capital prices reduces
the demand for routine workers, while abstract and manual workers are in
great demand. The changing demand structure influences the surplus the
union can extract and thereby also the individual union wage premium of
workers. Manual workers, who benefit from the changing demand structure,
are discouraged from voting in favor of a collective bargaining agreement.
The wage gains for manual workers, that would be disproportionately given
to routine workers by the union, lead to the least skilled workers being better of when bargaining individually with the firm. Former routine workers,
when faced with lower wages compared to manual workers, decide to switch
occupations.
Using the calibrated model, we demonstrate that this effect can lead
to a change in the voting outcome, with the majority of the workforce of
formerly unionized firms now voting against unionization and in favor of
39

individual bargaining. In an economy in which unions differ with respect
to their bargaining power, routine-biased technical change leads to a large
decrease in union membership, as those unions with the lowest bargaining
power are terminated. While overall effects on wages and income inequality
are small, the effects on the lower-skilled mid-wage workers are substantial.
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