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Abstract

This thesis furthers our understanding of several recent changes affecting labor markets and
the macroeconomy. Chapter 1 addresses the role of technological change in the recent polarization
of the labor market through a quantitative assessment of the relative price of investment channel,
using an extension of the standard growth model, allowing for an endogenously determined supply
and demand for occupational labor. The model is able to account for a substantial fraction of
changes in relative employment and wages across occupations, but only through the year 2000,
suggesting a reduced role for technological change in the last decade. The model is also able to
capture 25% of the observed decline in the labor share and 35% of the decline in the employment
to population ratio after 2000, suggesting a substantial role for secular factors in recently sluggish
labor markets.

Chapter 2 addresses the recent decline of the U.S. labor share and its relation to changes across
occupations specializing in different tasks, reaching two main conclusions. First, the labor share
decline is linked to the decline of compensation of workers employed in routine occupations. Sec-
ond, until the year 2000, most of this decline in routine compensation was offset by growth in
income paid to high-skill occupations, but this growth ceased in the year 2000, generating the
accelerated decline in the labor share thereafter. I show that this recent slowdown of high skill
compensation is specific to certain detailed industries and occupations and suggest implications of
this evidence for theories of the slowdown.

Chapter 3 makes several points regarding changes in the cyclicality of labor productivity. I
show the that change in cyclical productivity is not statistically synonymous with recent jobless
recoveries, but is synonymous with the change in the relative cyclical volatility of hours and output.
I show there is substantial heterogeneity in this relative volatility within industries and across time,
and that aggregate changes in this relative volatility are also partially explained by changes in
between industry co-movements. Existing theories focusing on changes in labor frictions appear

unable to fully reconcile these facts.
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Chapter 1

Labor Market Polarization and the Decline

of Routine Work: A Quantitative Analysis

1.1 Introduction

Much attention has been given to changes in wage inequality occurring in recent decades. A sub-
stantial literature has focused on understanding the growth in both the supply and wages of skilled
workers relative to unskilled workers, and identified skill-biased technical change as a leading ex-
planation for these changes.! However, as shown in Autor et al. (2006, 2008), this framework
for understanding wage inequality has been unable to capture the recently observed polarization of
wage and employment growth across skill levels. Since the 1980s, wage and employment growth
has been biased against middle-skilled occupations, with the fastest growth occurring in high and
low skill occupations. As a result, a growing literature on this polarization of the labor market
has not only thought about worker skills, but the tasks they perform in different occupations.” A

common conclusion of this literature is that middle skilled jobs tend to specialize in performing

ISkilled workers are generally defined as those possessing at least a college degree. See Katz
and Autor (1999) for a survey of this early literature.

2See Autor et al. (2003) and Goos and Manning (2007) for early work relating job tasks and
labor market outcomes, and see Acemoglu and Autor (2011) for a survey of the literature that has
risen in its wake.



routine tasks - tasks that are repetitive, follow strict rules or procedures, and require accuracy and
precision.

One prominent hypothesis for labor market polarization is the presence of routine-biased tech-
nical change, a refinement of previous theories of skill-biased technical change. This idea, orig-
inally set forth in Autor et al. (2003), conjectures that these routine tasks can also be performed
by machines, particularly information and communications technologies (ICT), and that the re-
cently progress (and declining price) of ICT technology has motivated a labor demand shift away
from routine labor inputs towards other more complementary, non-routine labor inputs at both
ends of the skill distribution.> Persuasive suggestive evidence in favor of this hypothesis has been
presented recently in Goos et al. (2010), Autor and Dorn (2013) and Michaels et al. (2014).

However, this notion of routine-biased technical change has yet to be formally evaluated quan-
titatively. In this paper, I take a first step towards a formal quantitative evaluation of this hypothesis
by developing a dynamic general equilibrium model of occupational labor supply and demand and
comparing the model’s predicted outcomes to the data on changes in employment and hourly earn-
ings across occupational groups. My model augments the standard growth model by adding three
key features: (1) the occupational tasks framework of Autor and Dorn (2013), (2) a Roy model
over occupational choice, patterned after Jung and Mercenier (2010) and Cortes (2012), and (3)
equipment investment specific technical change, as in Greenwood et al. (1997). The model allows
for endogenous determination of the supply and demand for labor in occupational tasks (abstract,
routine and manual) in response to exogenous technological change, occurring through the equip-
ment investment channel, creating a rich framework to quantitatively explore the recently observed
changes in occupational employment and earnings.

Further, in contrast to much of the related literature, I give particular attention to the labor
supply decision of employment vs. non-employment, and my model explicitly incorporates this
margin. Two observations motivate the inclusion of this margin. First, employment to popula-

tion ratios across the skill distribution do not display polarization, but have declined far more for

31t is also possible that recent technological change has also facilitated greater offshoring of
routine labor inputs. See Grossman and Rossi-Hansberg (2008) for a discussion.
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lower skilled workers than middle and higher skilled workers.* Understanding this disconnect be-
tween employment shares by occupational skill and employment to population ratios by worker
skill is important for understanding recent changes in inequality. Second, the aggregate employ-
ment to population ratio has decreased significantly since 2000 and there is an ongoing debate
about whether this decline has been due to cyclical or structural factors. Inclusion of this employ-
ment decision margin allows me to consider the extent to which the structural forces leading to
polarization might be affecting the aggregate employment rate.

With this framework in place, I feed in a measured series for technological change and evaluate
the extent to which the model can account for: (1) changes in employment shares across occupa-
tions differentiated by their task specialties, (2) changes in relative hourly earnings among these
same tasks, and (3) changes in the employment to population ratio in the aggregate and across skill
levels. In performing this quantitative exercise, I give particular attention to the time paths of these
changes, and not just the long run differences between two periods.

To implement this quantitative evaluation, I measure technological change using the relative
price of equipment investment and consumption goods, as in Cummins and Violante (2002). Given
this series, an important question for the quantitative implementation is how to obtain values for
parameters governing the elasticities of substitution between different capital and labor task inputs.
With no existing estimates of these exact elasticities as they appear in my model, as a starting
point, I calibrate these parameters to match changes in employment and equipment quantities in
the 1980s and early 1990s. By restricting the calibration time window to this period, I avoid
potential conflation with other plausible driving forces of polarization that have not emerged until
more recently, such as recent increases international trade, particularly with China.

I find that technological change plays a substantial role in explaining polarization and other
recent labor market outcomes, but that this role may have somewhat diminished in the recent
decade. In particular, my model accounts for all observed changes in occupational employment

shares in the 1990s, but substantially overstates trend changes in abstract and manual occupations

“This fact has been shown for longer periods of time in Autor (2010), and for more recent
declines in the 2000s by Moffitt (2012).



since the year 2000. The model is able to capture well the qualitative changes in relative hourly
earnings, and accounts for 35-55% of the decline in routine hourly earnings relative to hourly
earnings in abstract occupations. Further, the model is consistent with qualitative observations
regarding changes in employment rates across skill levels and explains 35% of the decline in the
employment to population ratio since 2001, suggesting a substantial role for secular factors in
explaining ongoing sluggish growth of employment.

Another salient feature of recent secular changes in the US labor market is the substantial
drop in labor’s share of income. As routine-biased technological change has potentially strong
implications for this aggregate statistic, I also consider the model’s predictions for the labor share.
I show that the model can capture 25% of the observed decline in the labor share, but is unable to
account for the more recent sharp decline in this series since the year 2000.

This paper relates to the literature on technological change and occupational tasks as cited
above, as well as recent efforts to disentangle the dual roles of trade and technology in determining
labor market outcomes, as in Autor, Dorn and Hanson (2013b). Further, the emphasis on quan-
titatively evaluating the role of technological change in determining labor market outcomes is in
the same spirit as the work done by Krusell et al. (2000), who performed a similar evaluation of
the role of equipment investment specific technological change in explaining the skill premium. In
addition to focusing on three types of tasks instead of just two types of skills, in contrast to Krusell
et al., I do not restrict labor supply to be exogenous, instead allowing for endogenous employment
and occupational choice decisions, giving even a richer and broader framework for understanding
and evaluating recent changes occurring in the labor market.

The remainder of the paper is structured as follows. Section 2 gives background on labor market
polarization and its connection to worker tasks, and then documents the four facts considered in the
quantitative evaluation: occupational employment and hourly earnings trends in abstract, routine
and manual occupations, as well as changes in employment to population ratios and the labor share.
Section 3 lays out the model framework, in particular the extension of the standard growth model to

include occupational tasks, a Roy model, and equipment investment specific technological change.
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Section 4 outlines procedures for how I measure the model’s driving forces and how I solve the
model, and Section 5 presents the calibration strategy. Section 6 presents the results from feeding
in the data series on the relative price of equipment investment, gives some analysis of these results

and briefly discusses possible extensions. Section 7 concludes.

1.2 Polarization, the Decline of Routine Work and Aggregate

Labor Market Changes

In this section, I start by giving background on the recent polarization of the labor market and its
connection to occupations specializing in performing routine tasks. I also highlight how polariza-
tion has not been observed in changes in employment rates across different skill levels. Following
this background, I present the four sets of facts I will focus on in my quantitative analysis: (1)
occupational employment shares (2) relative hourly earnings across occupations (3) employment
to population ratios, both aggregate and across skill populations (4) the labor share of income. I
use data from the monthly Current Population Survey files to construct evidence on occupational
employment shares and I use income data from the CPS March Supplement to construct measures
of occupational hourly earnings from 1976-2011. A more detailed description of data construction
used for these results and the results presented in subsequent sections is presented in the Appendix.
Occupational employment and hourly earnings trends are reported for the non-farm business sec-

tor, but they are robust to using total economy data.

1.2.1 Polarization, Routine Work, and Employment Rates: Background
1.2.1.1 Polarization and Routine Work

Figure 1.1 plots the growth in wages and the growth in employment shares across the occupational

skill distribution between 1982 and 2009, where the mean of occupational log wages in 1982 is



Figure 1.1: Employment and Wage Polarization Across the Skill Distribution, 1982-2009
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Data comes from the March Annual Supplement to the CPS from 1982-2009 for full-time, full-year
workers above the age of 16. Occupations are ranked by their log mean wage between the years
1982 and 1984, where labor supply weights are used in taking the average (the product of weeks
and hours worked). With this ranking scheme, occupations are divided across 100 percentiles
of the wage distribution. The left panel documents employment growth between 1982 and 2009
- the log change in the share of employment for occupations in a given skill percentile. Wage
growth between 1982 and 2009 is documented in the right panel, where growth is given by log
changes in the average nominal wage for a the composition of occupations in a given percentile.
The smoothed lines shown above come from a locally weighted regression, with bandwidth of 0.8,
of the growth rates of different percentiles, where the data has been winsorized at a 5% rate. The
results, however, are robust to this procedure in dealing with outliers. The construction of these
plots is very similar to those presented in Autor and Dorn (2013).

used as a proxy for skill>. Employment and wages have grown most rapidly for occupations in the
lowest and highest skill percentiles, and have grown much slower for occupations in the roughly
the middle 60% of the skill distribution. This is what has been termed the polarization of the labor
market.

To better understand this phenomenon, economists have focused attention on the different types
of tasks performed in occupations across the skill distribution - see Acemoglu and Autor (2011)
for a recent survey. A common framework that has emerged from this literature features two broad
groups of tasks performed by workers - routine tasks and non-routine tasks. A routine task is

highly repetitive, follows a strict set of rules or procedures, and requires precision and accuracy.

>This figure follows the same general construction methods as those in the literature, particu-
larly Acemoglu and Autor (2011) and Autor and Dorn (2013). Results are robust to excluding the
recent recession and considering the growth through the year 2007. Additional details regarding
data sources and construction can be found in the Appendix.
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On the other hand, non-routine tasks require either creativity, abstract reasoning, persuasion or
some degree of physical exertion and dexterity or personal interaction. While different studies
have further decomposed these two broad groups of tasks in different ways, I follow Autor and
Dorn (2013) and consider three types of tasks - abstract, routine and manual tasks.® Abstract tasks
are those non-routine tasks which require intuition, creativity, persuasion and/or abstract reasoning
and can be thought of high-skilled non-routine tasks. Manual tasks are those non-routine tasks
which require physical dexterity, strength and/or interpersonal interaction and are thought of as
low-skilled non-routine tasks.

Although almost all jobs perform each of these three types of tasks to some extent, occupa-
tions can be sorted by the tasks which are most prominent in the work they do. Autor and Dorn
(2013) using data from the Dictionary of Occupational Titles to identify different task intensities
across occupations and classify occupations according to these three task groups; I use these same
classifications. Examples of occupations that specialize in each of these three types of tasks are:

Abstract: teachers, doctors, lawyers, engineers, economists

Routine: secretaries, bookkeepers, retail salespersons, machine operators, assembly line work-
ers

Manual: hairdressers, auto mechanics, bus drivers, housekeepers, construction laborers

Autor and Dorn (2013) have shown that these three occupations map fairly well into the wage
and educational distribution. Abstract occupations tend to be high-skilled, high-paying jobs, rou-
tine occupations more middle-educated and middle-paying, and manual occupations are generally
lower-skilled, lower-paying jobs.

As routine jobs tend to be middle-skilled jobs, they are closely related to labor market polar-
ization. To highlight this, I consider growth in employment and wages across the skill distribution

when routine occupations are omitted.” Figure 1.2 shows these results. With routine occupations

%The seminal work on tasks and labor market outcomes by Autor et al. (2003) originally
introduced five categories of occupations; more recent work by the authors has focused on three or
four categories, as in Autor and Dorn (2013) and Acemoglu and Autor (2011).

"In removing routine occupations, they are only removed from calculating the growth of wages
and employment in each percentile; not in determining skill ranking of different occupations.

7



Figure 1.2: Polarization Over the Skill Distribution, With and Without Routine Occupations, 1982-
2009
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Data comes from the March Annual Supplement to the CPS from 1982-2009 for full-time, full-
year workers above the age of 16. Figure construction mimics that of Figure 1.1. For the removal
of routine occupations, these occupations were removed after the ranking of occupations by mean
log wages, but prior to computing growth in wages and employment shares.
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removed, a substantial fraction of polarization vanishes from these figures. For employment shares,
between the 15th and the 60th percentiles, employment share growth increases substantially when
routine occupations are removed. Moreover, with routine occupations removed, employment share
growth is positive at all levels of the skill distribution. For wages, the contribution of routine oc-
cupations is even more stark. With routine occupations removed, the polarization phenomenon in
wages is completely gone. Removing routine occupations leads to wage increases that are mono-
tone in skill.® This exercise highlights that recent changes in employment and wage growth in

routine occupations contribute substantially to the broader phenomenon of labor market polariza-

tion.

8Some may find it noteworthy that wage growth actually slight declines for the lowest skill
percentile when routine occupations are removed from the sample. As observed in Autor and Dorn
(2013), the job requirements of some lower skilled routine occupations (such as some types of
secretarial work) may have changed over time and led to wage increases for this small subset of
routine occupations, and this would be consistent with these observed patterns.
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1.2.1.2 Employment Participation and Skill Levels

It is important to observe, however, that the above on labor market polarization is conditional on
employment. But what about labor market outcomes without conditioning on employment, in
particular, employment participation decisions? Here I briefly review long run changes in the em-
ployment to population ratio across skill populations and show that employment rates, in contrast,
have not polarized. As occupation-based measures of skill are not available for non-employed
individuals, I measure skill using educational categories.

Figure 1.3 uses data from Autor (2010) and presents the growth in the employment to popu-
lation ratio between 1979 and 2007 for men and women across five different educational groups,
where the employment to population ratio is with respect to the population in that skill level, not
the aggregate population.” I consider men and women separately, as there have been substantial
changes in female labor force participation in the 1980s and 1990s. Over this time horizon, the
employment to population ratio for men has fallen while the employment to population ratio has
risen for women, but both genders show similar patterns in the relative growth across educational
groups. The least growth has been observed amongst those with less than a high school diploma,
and growth generally increases with educational attainment. For men, this relationship is nearly
monotone, with growth in the employment rate increasing with education levels up through post-
college education. For women, the relationships is slightly more nuanced. Growth in employment
rates increases with education from high school dropouts though having some college, but declines
slightly thereafter, particularly for women with more than a college degree. Thus, if anything, for
women, middle-skilled individuals have seen the most growth in employment rates.'®

The evidence of Figure 1.3 stands in stark contrast to the polarization phenomena described be-

fore. Although employment growth has declined amongst middle skilled occupations, employment

9These measures from Autor (2010) measure employment as being employed at any time in
the previous year, and are thus more long-term measures of non-participation.

101 give slightly more discussion of this in the following section, where it is evident this is largely
due to smaller growth in this ratio during the 1980s and 1990s, when there was rapid expansion
of the female labor force participation rate, which may have occurred for many reasons that would
interact heterogeneously with skill levels.



Figure 1.3: Growth in Employment to Population Ratio by Educational Level, 1979-2007
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Data is from Autor (2010), drawing from the May ORG Samples of the Current Population Survey.
The time window of 1979 to 2007 is chosen such that the starting and endpoint are both at similar
points of the business cycle.

rates have fallen the most among the lowest skilled workers, and growth in these rates is gener-
ally increasing with the skill level. Thus, explaining the recent changes in inequality across skill

levels extends beyond labor market polarization and includes reconciling this disconnect between

outcomes conditional and not conditional on employment.

1.2.2 Labor Market Trend Dynamics

Given that background, I now present the four sets of facts that I will use in my quantitative evalua-
tion of the role of routine-biased technological change in labor market outcomes: (1) occupational
employment shares (2) relative hourly earnings across occupations (3) employment to population
ratios, aggregate and by skill (4) labor’s share of income. As understanding the changes occurring
in routine occupations is central to polarization, I focus on specific changes in these occupations.
From here forward, I restrict my attention to the three occupational groups - abstract, routine, and
manual - and I present secular trends in their relative hourly earnings levels and shares of total
employment. For all these trends, I focus particularly on the time paths of these changes; this

contrasts with much of the existing literature on polarization, which has only focused on changes
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between two points in time.!!

1.2.2.1 Occupational Employment Shares

Figure 1.4 plots the shares of total employment belonging to abstract, routine and manual task
occupations from 1976 to 2013. Prior to the 1980s, employment in routine task occupations com-
prised more than 40% of total employment, the largest employment share of all three occupational
groups. But beginning with the early 1980s, employment in routine task occupations has been
steadily declining, and in 2013 had fallen to 26% of total employment.'? Simultaneously, the
share of employment in abstract jobs has steadily risen from roughly 25% before the 1980s to well
above 40% in 2013. The share of employment in manual jobs has remained roughly stable, hov-
ering at about 30% of total employment throughout the entire sample period, with a slight surge

observed in the decade of the 2000s!3.

1.2.2.2 Relative Hourly Earnings Across Occupations

Figure 1.5 presents the average hourly earnings in routine occupations relative to hourly earnings
in abstract and manual occupations from 1975 to 2011. Between 1975 and 2011, hourly earnings
in routine occupations relative to abstract ones has fallen by 20%. This decline began in the 1980s,
but has been particularly substantial in the 1990s and early 2000s, though it appears to have slowed
down some in the latter half of the past decade. Meanwhile, hourly earnings in routine occupations
relative to manual occupations has has been relatively flat throughout the entire period, with the

exception of some slight prior to 1990. These trends are consistent with the evidence already

""More recently, Foote and Ryan (2012), Cortes et al. (2012) and Smith (2013) have also given
some attention to these time paths.

120ne common concern is that this decline is simply capturing changes occurring with the man-
ufacturing industry’s recent decline. I show in the Appendix that the changes in employment and
hourly earnings in routine work are occurring across all industries and that only a third of routine
employment is concentrated in manufacturing.

3Note that this surge is unlikely to be completely explained by a boom in construction preceding
the Great Recession, as much of the growth in the manual employment share has remained since
the recession.
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Figure 1.4: Employment Shares of Abstract, Routine, and Manual Occupations
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Data is from the CPS basic monthly files on employed persons in the non-farm business sector
between the ages of 16 and 65. The above results are robust, however, to including the employed
over age 65 or including employees in agricultural or public sectors of the economy. Occupational
classifications come from Autor and Dorn (2013). Additional details regarding data construction
and sources are available in the Appendix.

seen on polarization - not only has employment in routine occupations declined relative to other

occupations, but so has hourly earnings.

1.2.2.3 Employment to Population Ratio

Figure 1.6 plots the employment to population ratio from 1975 Q1 to 2013 Q3. Through the year
2000, especially in the 1980s, there was an upward trend in the percentage of the population that
was employed, largely due to the rise of female labor force participation.!* However, since the
year 2000, there have been substantial declines in this ratio. An ongoing discussion regarding
this decline considers whether it is purely due to cyclical factors surrounding the two most recent

recessions, or if there are deeper structural forces at work as well.!

14 Although it is true that the participation rate for men has declined over time as well, the decline
is quantitatively far smaller (~2%) in the 1980s than is the increase amongst women (~10%).

15See Jaimovich and Siu (2012) for a recent argument about how routine work could suggest
trend movements are embodied in these cyclical fluctuations.
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Figure 1.5: Relative Average Hourly Earnings Across Occupational Groups
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Data is from the CPS March Supplement files on employed persons in the non-farm business
sector. Occupational classifications come from Autor and Dorn (2013). Average hourly earnings
is constructed by dividing total wage and salary income for an occupational group by total hours
worked by individuals in that occupation. Relative hourly earnings is normalized to 1 in 1975.
Additional details regarding data construction and sources are available in the Appendix.

Figure 1.6: Employment to Population Ratio, 1975-2013
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As shown above, these changes in the employment to population ratio have not been uniform
across skill groups. Figures 1.7 and 1.8 show growth in the employment to population ratio across
educational groups for men and women, respectively, for each of the past three decades, ending in
2007 to be distinct from the recent Great Recession.!® For men, the relationship between growth
in the employment to population and skill levels has been fairly consistent throughout time - lower
skill levels have seen the most declines throughout each of the past few decades and the amount
of decline tends to decrease as skill increases. For women, the picture is slightly less clear. The
employment to population rate was growing for almost all skill levels in the 1980s and 1990s, the
period when there was a significant expansion of female labor force participation. Fluctuations
in the amount of growth across skill levels in this period may be due to differences in the forces
generating female labor force participation, be it changes in the welfare program and the earned
income tax credit (Meyer and Rosenbaum (2001)) or declining child care costs (Attanasio et al.
(2008)).!7 But in the last decade, the relationship between employment rates and skill levels for
women has far more resembled patterns observed among men, with greater declines among lower
skill levels.

This evidence suggests that, with the exception of changes in female labor supply in the 1980s
and 1990s, declines in the employment rates in the past three decades have consistently been the

most severe among lower skilled workers.

1.2.2.4 Labor Share of Income

Since Kaldor (1961), one of the standard growth facts is that labor’s share of total income is

constant over time. While this empirical regularity held for many decades in the United States,

16 Although, as the recent recession has been particularly severe for low-skilled individuals, in-
clusion of this data would only heighten the results presented here.

171t may also simply be that the employment rate for the highest educated women was so high
that there was little room for increase. See Juhn and Potter (2006) or Fogli and Veldkamp (2011) for
further discussion on the range of possible theories for this increase and how it might differentially
affect women of varying skill levels.
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Figure 1.7: Growth in Employment to Population by Skill Level by Decade, Men
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Figure 1.8: Growth in Employment to Population by Skill Level by Decade, Women
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Figure 1.9: Labor’s Share of Income, 1975-2013
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Data for the labor share of income for the non-farm business sector comes from the BLS Labor
Productivity and Costs series.

recent evidence suggests that the labor share has actually been declining.'® Figure 1.9 presents the
labor share of income for the non-farm business sector from 1975 Q1 to 2013 Q3. In the past 40
years, the labor share has fallen by roughly 7 percentage points, about a 10% decline in total.'® Of
note, this decline appears to have accelerated recently, with a much steeper decline since the early
2000s, and as of 2013, there are no signs of a reversal in this trend.

With the addition of this evidence on the labor share, the evidence presented regarding the
decline of routine work can be used to disaggregate the labor share into occupational labor income
shares.?’ While this does not provide any new evidence per se, it provides a direct link between
declines in the labor share and the decline of routine work. Figure 1.10 plots the occupational labor
shares - total income paid to an occupation divided by nominal GDP - for abstract, routine and
manual occupations. What is immediately evident is that while the aggregate labor been declining,
particularly in the 2000s, the shares of income paid to different occupations have been changing

quite a bit over time.?!

18 As documented in Karabarbounis and Neiman (2014), this decline is occurring worldwide as
well.

19Elsby et al. (2013) suggest that a modest fraction of this decline may be due to measurement
methods employed by the BLS.

20precise details on how occupational labor income shares are generated are available in the
Appendix.

2 An interesting observation is that most stark change among labor shares in the 2000s, when
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Figure 1.10: Occupational Shares of Income, 1976-2011
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Occupational income data comes from the March CPS Supplement and data on nominal GDP
comes from the BLS Labor Productivity and Costs series. Data is for the non-farm business sector.
The occupational share of income for occupation j is defined as total wage and salary income paid
to a worker in occupation j divided by nominal GDP. As such, the sum of all occupational shares

of income equals the aggregate labor share of income. Additional details regarding data sources
and construction are available in the Appendix.
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1.3 Model

With the facts I am considering for the quantitative evaluation documented, I now turn to de-
veloping the model used for this exercise. In this section, I present an extension of the standard
one sector growth model that includes the following three key features: (i) the tasks framework
of Autor and Dorn (2013), (ii) a Roy model of occupational choice, and (iii) equipment specific
technological change as in Greenwood et al. (1997). Adding these three features generates a rich
and flexible framework in which to consider the changes documented in the prior section. Time in

the model is discrete, and one period is assumed to equal one year.

1.3.1 Environment
1.3.1.1 Technology

An aggregate production function produces output using five inputs - structures (Kj), equip-

ment (K ), and efficiency units of manual (N,,), routine (N,;), and abstract (N,;) labor:

(-

c

+uaN5t} p] (1.1)

<o

Y, =K | umNg + (1= i) | (1= pta) [(1 — 1) Ky + 11N} ]

The terms in square brackets represent three levels of aggregation. The innermost square brack-
ets combine routine labor and equipment, to produce routine tasks, with the elasticity of substitu-
tion between routine labor and equipment given by ﬁ Routine tasks are then combined with
abstract labor, with an elasticity of substitution given by ﬁ. Finally, the combination of routine
and abstract tasks is combined with manual labor to complete the CES structure of production,
with the elasticity of substitution between manual labor and the routine-abstract composite given
by ﬁ.

This production technology is a natural generalization of the tasks framework exposited in

the aggregate labor share shows the most decline, was the slowdown of the labor share for abstract
occupations. This is a potentially useful insight in understanding the recent labor share decline,
and is addressed in Chapter 2.
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Autor and Dorn (2013).2> They argue that if capital equipment and routine labor are substitutes
(i.e. 7> 0), routine tasks and abstract labor are combined in a Cobb-Douglas aggregate (i.e. p = 1),
and manual labor is complementary to the combination of routine and abstracts tasks (i.e. ¢ < 0),
then this framework provides qualitative predictions consistent with the decline of routine work.>3
Relative to Autor and Dorn, I add structures as an input to production and do not impose p = 1.

This production structure is also similar to the capital-skill complementarity structure used in
Krusell et al. (2000). The capital-skill complementarity considers only two skill groups, skilled
and unskilled, however, and is thus not well-suited to a discussion of the decline of routine work,
as there is no substitutability between equipment and middle-skilled labor. However, if manual
labor tasks are only performed by unskilled labor and abstract labor tasks are only performed by
skilled labor, then their framework is the special case of the above where uy, = 0.

Output can be used for consumption or investment in structures or equipment according to the

aggregate resource constraint:

Yt :Ct +Ist+1et

Following Greenwood et al. (1997), I assume capital accumulates as follows, where g; repre-

sents equipment investment specific technological change:

Kst—l—l = (1 - SS)KYZ +Ist (12)

Ke11 = (1 - 6e)Ket + qgile (1.3)

22Which itself builds on earlier work by Autor et al. (2003) and Autor et al. (2006).

23 Autor and Dorn (2013) consider two output sectors, goods and services, where services is only
produced by manual labor and goods are produced by a combination of routine and abstract task
inputs. Because household utility is a CES aggregate of both outputs, the final consumption good
in their model is the same as mine. Note, however, that their model considers a specialized version
of manual tasks where these are exclusively low-skill service occupations, and not manual tasks
more generally.

19



I assume that movement in ¢; is exogenous and deterministic. With these laws of motion for

capital accumulation, the aggregate resource constraint can be rewritten as:

1
Yl — Ct +Kst+l - (1 - 8S)I<st +— (Ket—H - (1 - Se)Kel) (14)

q:

1.3.1.2 Household

There is a representative household comprised of a continuum of individuals.>* Each individual
in the household has preferences over consumption and labor supply, with period flow utility for

an agent i given by:

U(Cit,Eir) =log(Cy) — EnXlY;

where Cj; represents consumption by agent i, E;; is a 0/1 choice regarding work, and y is the
disutility incurred by working.

Individuals differ in their disutility of work parameter, ), as well as their skill level, z. Skill is
distributed continuously across the real line, with z ~ F(z), and % follows a uniform distribution,
X ~ UNIF(0,%;). The upper bound for this uniform distribution, ¥, will be allowed to vary
exogenously and deterministically over time to proxy for female labor force participation changes
driving early growth in aggregate employment rates in the 1980s and 1990s. The skill distribution
is assumed to be constant throughout time. I assume that skill level and disutility of work are
orthogonal at the individual level.

The household makes decisions regarding who works and who stays at home, and conditional
on working, which occupation individuals are employed in. Workers can be employed in one of

three types of occupations - abstract, routine or manual. Conditional on employment in occupation

24 T assume a representative household construct largely for tractability here; a possible exten-
sion would be to consider allowing for incomplete consumption insurance across skill types and

realistically modeling transfers between agents.
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J» J € {a,r,m}, a worker with skill level z provides ¢ ;(z) efficiency units in production, where ¢(z)
is an occupation specific productivity function. In equilibrium, earnings of a worker employed in
occupation j are given by the product of the efficiency units and the wage per efficiency unit in
that occupation: w;0;(z). I assume that occupational productivity is non-negative for all values of
skill in each occupation.

As in Jung and Mercenier (2010) and Cortes (2012), I assume that workers with higher skill
have a comparative advantage in abstract jobs relative to routine jobs and in routine jobs relative to

manual jobs. Specifically, this is imposed by the following condition, akin to log supermodularity:

o< dzn(2?<z>) . dln(jzr(z)) _ dln(jl)Z(Z)) (1.5)

For notational convenience in presenting the household’s maximization problem, I first de-
scribe several properties of the optimal decision rules for occupational choice and employment
participation. A direct implication of the comparative advantage condition in (1.5) is that it is op-
timal for the household to choose two skill cutoffs, zo; and z;;, where employed individuals with
skill below zo; are employed in the manual occupation, workers with skill between zp; and z;; are
employed in the routine occupation, and workers with skill above zj; are employed in the abstract
occupation.>> This implies that the following indifference relationships must hold, characterizing

the relationship between relative wages and the occupational choice decision:

. q)a(zlt)
. q)m(ZOt)
Wrt/Wmt = q)r(ZO_t) (L.7)

The household will find it optimal to choose a cutoff function, §;(z), to determine which work-

ers are employed and which stay at home, where a worker of skill level z is employed only if his

2These sorting conditions will have strong implications regarding which types of workers tran-
sition in and out of these occupations; Cortes (2012) has shown empirical support for these impli-
cations.
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disutility of work is less than the cutoff, x < §/(z). Given that skill and the disutility parameter
are orthogonal, similar to Gali (2011), the employment rate for skill level z can be expressed as
X:(2) /%

The household maximizes an equal weighted integral of individual utilities. Given separabil-
ity of preferences over consumption and labor supply at the individual level, the household will

equalize consumption across individuals and flow utility for the household in period # is given by:

. o0 )AQ(Z) XV
UC () = log(C)+ / / L yar (o
— oo 0 1

= log(ct)_|_/oo Mid

F
e 1V Yy (2)

As shown in Gali (2011), v is equivalent to the inverse Frisch elasticity of labor supply.
In equilibrium, the household takes prices as given and chooses sequences for consumption,

next period’s capital stocks, and cutoffs for occupational choice and employment to maximize:

o0 . o () XV
;p{mmm—[mé iﬁmna}

subject to their budget equation for each period:

1
Ci+Kgp1+(1-9, )Ksl+ (Ket+1 (1=8¢)Ker) =

t/@n” dF (2 /¢r” )+Wl}ﬂ&@”

et Ker + 1o Ky

(2)+

as well as subject to non-negativity constraints on capital and consumption and subject to initial

capital stocks.
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1.3.1.3 Firm

A representative firm produces aggregate output and behaves competitively, renting equipment and
structures from the household at rental rates, r,; and ry, and paying wages wj, per efficiency units

of labor provided in occupation j, j € {a,r,m}. The firm’s problem is standard and is given by:

MAXK,, Koy Ny N Nog Tt = Y2 — Pt Kt — Fer Kot — Wit Nyt — Wit Nyy — WarNag

1.3.2 Equilibrium

I focus on competitive equilibrium outcomes. A competitive equilibrium is an set of allocations

(CZ‘?KEDKstuNatuthNmtaZOtvzll‘axt (Z))’ SUCh that given prices (r€t7 FstsWat s Wrt Wmt):

* (Ci, Ko, Ky, 200,211, %1 (2) ) solves the household problem, taking (W, Wys, War, Fst, Fer) and the

initial conditions as given
* (Kety Kty Nyt s Nyt y Nyp) solve the firm problem, taking (W, Wyr, War, Tty Ter) @S given

* Labor, Capital and Output Markets clear

In equilibrium, the share of employment and average hourly earnings in occupation j are given by:

wiiNji/Eji =

Wit [, 0;(2) (1 (2)/T)dF (2
I, (@) /%)dF )

where Z;; = {z| skill z = employment in occ