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CHAPTER 1

INTRODUCTION

This dissertation is comprised of three essays, which examine various aspects
of macroeconomics linked to labor economics. The major themes of these essays
contribute to developing a better understanding of when heterogeneity matters for
macroeconomic outcomes, of what factors can play an important role in the deter-
mination of the relative trend behavior of work hours, and also of what factors, in
addition to taxes, can account for the labor wedge.! Each of these topics is represen-
tative of recent and ongoing research in the joint area of macro and labor economics.

The first essay develops an understanding of how, in addition to search frictions,
labor heterogeneity can influence aggregate labor-market fluctuations, and, in par-
ticular, the cyclical behavior of aggregate unemployment. I capture heterogeneity by
considering a labor force composed of individuals who have a comparative advantage
in a particular job, yet are still able to work in jobs in which they are at a compara-
tive disadvantage. I assume no worker has an absolute advantage in production. In
addition, I endogenize the optimal job-seeking behavior across job opportunities of all
searchers, both those unemployed and those searching on the job. On-the-job search
results from workers who are employed in jobs in which they are at a comparative
disadvantage, but search for comparative advantage employment.

The extent to which vacancies and unemployment coexist is summarized by the
aggregate vacancy-unemployment (V/U) ratio. Empirically, in the US, the V/U ratio
is strongly procyclical, and part of its adjustment in response to changes in produc-

tivity is sluggish. Under standard calibrations the benchmark, homogeneous-agent

!The labor wedge is the name given to the percent difference between labor hours predicted by
a standard neoclassical macroeconomic model and their empirical counterparts.



model of equilibrium unemployment theory can account for slightly less than half
of the empirical elasticity of the V/U ratio with respect to productivity. However,
contrary to the data, all adjustments occur instantaneously. Results from the model
developed in the first essay suggest that the impact of worker-side heterogeneity
and optimal job-seeking behavior can be substantial. Quantitative analysis reveals
that the model can account for the majority of the empirical elasticity of the V/U
ratio with respect to productivity in the United States. In addition, the theory un-
covers a natural channel through which adjustments in the V/U ratio can be slow
moving. Given heterogeneity, vacancy-posting decisions are based on firms’ expec-
tations regarding match quality. These expectations depend on worker-side optimal
job-seeking behavior. In addition, they also depend on the (slow-moving) masses
of unemployed and on-the-job searchers. Ultimately, this results in slow-moving ex-
pected gains from posting vacancies, which contributes to sluggish adjustment in the
V/U ratio in response to changes in productivity.

Over the last centuries there has been a dramatic world-wide increase in real out-
put, consumption, and wages. John Maynard Keynes predicted a large increase in
leisure in his 1930 essay “Economic Possibilities for Our Grandchildren.”? However,
the leisure boom predicted by Keynes has not taken place; instead work hours have
remained relatively constant compared to trends in other aggregate variables. The
objective of the second essay, which is co-written with Miles S. Kimball,? is to under-
stand why people are still working so hard, and what the implications of this paradox
of hard work are for the economy as a whole. In particular, we develop a theory that
focuses on the long-run macroeconomic consequences of changes in on-the-job utility.

A typology of different sources of improvement in on-the-job utility elucidates
how these improvements can be endogenized. Amenities, such as air-conditioning,
increase due to both income effects and ordinary technological progress. Effort -
which can be defined broadly as undesirable dimensions of a job that lead to higher

output - behaves in a way qualitatively similar to hours per worker. However, unlike

2Printed in Vol. IX of The Collected Writings of JM Keynes, 1973. London: Macmillan for The
Royal Economic Society.
3Miles is a Professor of Economics at the University of Michigan, Ann Arbor.



work hours, effort is unmeasured in standard data series. Unobserved movements in
effort can act as substitutes for movements in hours per worker. A decline in drudgery
represents an increase in on-the-job utility for a given level of effort and amenities.
Such increases in on-the-job utility lead to firms gaining a competitive advantage.
Therefore, profit-driven innovation is a natural channel through which declines in
drudgery can occur. These declines, along with endogenous increases in amenities,
tend to increase hours per worker and effort. This serves to counteract decreases in
work hours and effort that would otherwise take place when income effects exceed
substitution effects.

The third essay, which is joint with Shanthi P. Ramnath,* relates to recent litera-
ture that has shown that the standard neoclassical macroeconomic model falls short
of explaining the trend behavior of hours per population within countries. This is
captured by the extent to which the model’s first-order conditions for equilibrium
hours per population fail to hold: the labor wedge. The literature argues that across
countries a substantial fraction of the labor wedge can be explained when the stan-
dard model is enhanced to account for taxes. However, this improvement is limited
to European countries. In particular, the model’s predictions regarding the trend
behavior of US and Canadian hours per population are for all purposes contrary to
the data. While over the last several decades these two countries have exhibited
an upward trend in hours per population, the standard model enhanced with taxes
predicts that the opposite should have occurred. This suggests that the labor wedge
amounts to more than just taxes. The aim of the third essay is to understand what
factors, in addition to taxes, can account for the labor wedge.

The analysis we develop implies a surprising result, which is that the limitations
of the standard model in accounting for the long-run behavior of hours per population
in Canada and the US are actually evidence of the model’s overall inability to explain
the behavior of hours per population. The standard model implicitly assumes that
all household members are employed and work the same amount of hours. There-

fore, it has no channels through which adjustments in the employment-to-population

4Shanthi is an Economist at the US Treasury. The views and opinions expressed in this essay do
not necessarily represent those of the US Treasury.



ratio can be captured. Because the labor wedge is defined as a residual, that is,
the portion of the data that model-predicted hours per population cannot explain,
the employment-to-population ratio automatically becomes part of the labor wedge.
After identifying the shortcomings of the standard model, we develop a model that
explicitly incorporates employment as a choice variable. In our model, a household
planner maximizes household utility, which is a weighted sum of all employed and
non-employed individuals’ utility. Our model incorporates a time-varying fixed cost
associated with employment, as well as a general non-employment disutility variable.
The model nests the standard theory, and helps explain its shortcomings regarding
the U.S. and Canada. We use our model to examine the macroeconomic implications
of tax policy on hours per population through its disaggregate components: hours
per worker and the employment-to-population ratio.

This dissertation’s main contributions to the literature are as follows. The first
essay establishes that determinants of match quality and aggregate labor-market fluc-
tuations are tied together, sharing common roots in labor-force heterogeneity and in-
dividuals’ optimal job-seeking behavior. In particular, worker-side heterogeneity can
help explain why, empirically, the V/U ratio exhibits a stage of sluggish adjustment
in response to changes in productivity. This is a key feature of the data that the stan-
dard, homogenous-agent model of equilibrium unemployment theory cannot account
for. Many standard macro models are cast in representative agent frameworks given
the notion that, at the aggregate level, heterogeneities average out, and therefore
accounting for them is unnecessary for accounting for the average behavior of the
aggregate economy. The first essay reveals that, in fact, labor-force heterogeneity
can be an important factor behind the dynamic behavior of aggregate labor-market
variables, and therefore, this type of heterogeneity is one that does not necessarily
average out.

The second essay contributes to the labor economics literature by developing a
theoretical framework through which an intertemporal understanding of the primi-
tives that determine an economy’s available trade-offs between output, wages, and

job utility can be attained. Moreover it contributes to the macroeconomics literature



by showing that secular improvements in on-the-job utility are such that it is possible
for work hours to remain relatively constant over time even if the income effect of
higher wages on labor supply exceeds the substitution effect of higher wages. In turn,
secular improvements in on-the-job utility can themselves be a substantial compo-
nent of the welfare gains from technological progress. These two implications are
connected by an identity: improvements in on-the-job utility that have a significant
effect on labor supply tend to have large welfare effects.

The third essay contributes to the literature by providing substantial empirical-
and theory-based evidence that implies that the standard neoclassical macroeconomic
model lacks explanatory power regarding the extensive margin of labor supply. This
limitation of the model leads to inaccurate predictions of hour per population when
there are large changes in the employment-to-population ratio relative to those in
hours per worker. Given this finding, the so-far puzzling fact that the standard
neoclassical macroeconomic model extended to account for taxes is unable to match
the trend behavior of hours per population in the US and Canada, even though it has
been relatively successful in doing so for most European countries, can be rationalized.
In contrast to the US and Canada, in most European countries the employment-to-
population ratio has not changed much relative to hours per worker. Hence, in these
countries the long-run behavior of hours per worker and hours per population is
virtually indistinguishable. Moreover, the third essay provides an understanding of
the labor wedge that complements previous studies. Earlier research successfully
identifies that part of the existence of the labor wedge results from ignoring the role
of taxes. The third essay complements this research by showing that another part of
the labor wedge actually holds by construction, and stems from an inherent inability

of the standard model to predict extensive-margin changes in labor supply.



CHAPTER I1

HETEROGENEOUS WORKERS, OPTIMAL JOB SEEKING, AND
AGGREGATE UNEMPLOYMENT

2.1 Introduction

Why do vacancies and unemployment coexist? The standard model of equilibrium
unemployment theory is cast in a homogeneous-agent framework, and explains in-
voluntary unemployment as the result of search frictions.! This essay develops an
understanding of how heterogeneity, in addition to search frictions, can influence ag-
gregate labor-market fluctuations, and, in particular, the cyclical behavior of aggre-
gate unemployment. I capture heterogeneity by considering a labor force composed
of individuals who have a comparative advantage in a particular job, yet are still
able to work in jobs in which they are at a comparative disadvantage. I assume no
worker has an absolute advantage in production. Within this context, two impor-
tant questions emerge. Given changes in economic conditions, how does the search
behavior of job seekers across employment opportunities affect the quality of em-
ployment matches that firms can expect to form (where quality refers to the relative
productivity of a match)? In addition, how do cyclical changes in firm-side expected
match quality affect vacancy-posting decisions, and therefore, the cyclical behavior

of aggregate vacancies and unemployment??

1See, for example, Pissarides (1985), Mortensen and Pissarides (1994), and Pissarides (2000).
In addition, Diamond (1982) and Mortensen (1982) represent key contributions to the search and
matching framework.

2Bils, Chang, and Kim (2009) study worker-side heterogeneity in a different context, their fo-
cus being on unemployment and work hours. In their paper, “comparative advantage” refers to
individuals who have high market productivity relative to their home productivity. Moreover, la-
bor markets are segmented: although the labor force is heterogeneous, conditional on idiosyncratic
characteristics individuals seek employment in only one production sector.



The extent to which vacancies and unemployment coexist is summarized by the
aggregate vacancy-unemployment (V/U) ratio. Empirically, in the US, the V/U
ratio is strongly procyclical, and part of its adjustment in response to changes in
productivity is sluggish.? Understanding the slow-moving behavior of the V/U ratio
is important, since it captures the extent to which the labor market responds per-
sistently, for example, in the wake of a recession. Under standard calibrations, the
benchmark, homogeneous-agent model of equilibrium unemployment theory accounts
for slightly less than half of the elasticity of the V/U ratio with respect to productiv-
ity. However, contrary to the data, in the standard model all adjustments in the V/U
ratio occur instantaneously: the model has no channels through which the V/U ratio
can exhibit sluggish adjustment.* In this essay, I show that worker-side heterogeneity
and optimal job-seeking behavior can have an important role in shaping aggregate
labor-market fluctuations. Combined, these worker-side factors aid in accounting for
the amplification of productivity shocks in the V/U ratio. Moreover, I show that
slow-moving changes in expected vacancy-posting gains that stem from the presence
of worker-side heterogeneity can help explain why, empirically, the V/U ratio exhibits
a stage of sluggish adjustment in response to changes in productivity.

Sections 2.2.1 through 2.2.4 develop the essay’s theory. The framework consists
of an economy with two types of workers and two production sectors.” Each worker
type has a comparative advantage in one of the two production sectors, and no worker
type has an absolute advantage. Each production sector is composed of a continuum
of firms. The production functions of all firms in a particular sector are identical.
As in the standard model, there exists one job at each firm, which is filled through
vacancy posting.

Employment in situations of comparative advantage (skill match) yields the high-

3See, for example, Shimer (2005) and Fujita and Ramey (2007) with regards to these facts, and
also with regards to limitations of the standard/benchmark model in accounting for them. Empiri-
cally, on impact of a positive productivity shock the V/U ratio jumps, and thereafter continues to
slowly increase for several months.

4 A detailed explanation of the “standard/benchmark” (homogenous-agent) model /theory can be
found in chapter 1 of Pissarides (2000).

S0 is the case in similar work, although with different focus, such as Albrecht and Vroman
(2002), and Gautier (2002).



est economic surplus. However, comparative disadvantage employment (skill mis-
match) is still a valuable alternative for both workers and firms. For workers, it
represents an additional channel through which they can exit unemployment. For
firms, it represents a means through which vacancies can be filled faster, and there-
fore, through which expected vacancy-posting costs can be reduced. Hence, although
both firms and workers prefer skill-matched employment, they are also willing to en-
gage in skill-mismatched relationships; I assume this is the case for all states of the
economy. In particular, unemployed individuals take advantage of all available job
opportunities by searching across sectors.

Whenever a job seeker meets a firm with a vacant job a match is formed, wages
are negotiated via Nash bargaining, and production begins. Nash bargaining implies
that wages are fully flexible and are instantly renegotiated given any change in the
state of the economy. When an individual is skill-mismatched, he or she engages in
on-the-job (OTJ) search directed towards skill-matched employment. This results
in endogenous job destruction. In addition, as in the standard theory, there is an
exogenous job destruction component.

In Section 2.2.5 I focus on how heterogeneity in job seekers makes firms’ vacancy-
posting incentives depend on expected match quality (with some probability, the
vacancy will be filled with a worker who has a comparative advantage in the sec-
tor to which the firm belongs).® T show that firm-side match-quality expectations
are slow moving, since they depend on the slow-moving masses of unemployed and
OTJ searchers. Slow-moving match-quality expectations translate into slow-moving
expected gains from posting vacancies. In particular, during an economic expansion,
relative changes in the composition of searchers slowly increase the firm-side proba-
bility of skill-matched employment. This provides an incentive for vacancy-posting
to remain higher than otherwise. The result: given an increase in productivity, the
aggregate vacancy-unemployment (V/U) ratio will exhibit a stage of sluggish adjust-
ment.

Initially, I treat workers’ job-seeking decisions as being exogenously determined:

6Recall that “match quality” refers to the relative productivity of a match.



as in the standard theory, job seekers passively wait for job opportunities to arrive.
However, in section 2.2.6 I extend the model to allow for job-seekers’ search deci-
sions to be endogenous. Search decisions depend on the state of the economy, worker
idiosyncratic characteristics, and any given employment state an individual may be
in. Optimal search enhances the model’s channel for slow-moving changes in the
V/U ratio. This owes to differences in endogenous search behaviors between unem-
ployed and on-the-job searchers that result from differences in search incentives. In
particular, the latter have a more attractive outside option (employment).

In Section 2.2.7 T show that the standard, homogeneous-agent model of equi-
librium unemployment theory is nested in the theory I develop. Then, in order
to quantify this essay’s theoretical implications, I simulate the model numerically.
Section 2.3.1 describes my methodology, and Section 2.3.2 details my selection of pa-
rameters for calibrating the model. Sections 2.4.1 through 2.4.3 present the essay’s
main results. The model can account for the majority of the elasticity of the V/U
ratio with respect to productivity in the US, and also for the majority of the elastic-
ity of US aggregate unemployment with respect to productivity. In particular, the
model’s ability to generate slow-moving adjustments in the V/U ratio is consistent
with a much larger response of aggregate unemployment to changes in productivity
than otherwise. Relative to the benchmark, homogeneous-agent model of equilibrium
unemployment theory, the model’s improvements in accounting for the data are sub-
stantial. Results imply that worker-side heterogeneity and optimal search can play
an important role in shaping aggregate labor-market fluctuations.

Additionally, Section 2.4.4 shows that the theory has implications for cyclical
changes in match quality, as measured by the fraction of skill-mismatched employ-
ment. I show that the dynamic response of the fraction of skill-mismatched employ-
ment to changes in productivity can involve both periods over which match quality
is above average, and periods over which it is below average. This result can aid in
reconciling research regarding the cyclical reallocation of resources. As noted in Bar-
levy (2002), while some research suggests that recessions are times in which resources

are exclusively reallocated to better uses, other research implies the contrary.



Section 2.5 discusses related literature, and Section 2.6 concludes. This essay’s
main contribution lies in its finding that determinants of match quality and aggregate
labor-market fluctuations are tied together, sharing common roots in labor-force het-
erogeneity and individuals’ optimal job-seeking behavior. In particular, worker-side
heterogeneity can help explain why, empirically, the V/U ratio exhibits a stage of
sluggish adjustment in response to changes in productivity. This is a key feature of
the data that the standard, homogenous-agent model of equilibrium unemployment

theory cannot account for.

2.2 The Model

The model is cast in discrete time, which aids the mapping of theory to numerical
simulation. I assume that each period of time is small enough so that discrete time
represents a close approximation to continuous time.” All economic agents discount
the future at rate r, and § = 1/(1+r) is the discount factor. In addition, all
variables are normalized by the aggregate labor force.

As noted earlier, the framework consists of an economy with two types of workers
and two production sectors. Each worker type has a comparative advantage in one
of the two production sectors, and no worker type has an absolute advantage. Each
production sector is composed of a continuum of firms, and the production functions
of all firms in a particular sector are identical.

Workers and sectors/firms are indexed by i, j € {1,2}. In the notation subscripts
refer to workers and superscripts to sectors/firms. Skill-matched employment occurs
when the worker and firm type coincide. For example, a type-1 worker who is matched
with a type-1 firm is skill-matched, and he or she is skill-mismatched when employed
by a type-2 firm. For simplicity, I cast the model under full symmetry. Therefore,
in all periods any type-specific worker/firm variable is equal to half of its aggregate
counterpart, and all model parameters are symmetric across sectors. Given symmetry,
whenever helpful I present the model from the point of view of type-1 economic agents.

All statements carry over to type-2 agents by simple re-indexing.

"See Hagedorn and Manovskii (2008) for an analogous specification.

10



Let p; denote an economy-wide (exogenous) productivity component that affects
all firms. In steady state, p, = 1. I assume that the output generated by a type-i
individual employed by a type-i firm (skill-matched employment) is yzt = p;. More-
over, for j # i and i, j € {1,2}, the output generated by a type-j individual employed
by a type-i firm (skill-mismatched employment) is y;t = p(1 — ¢), where ¢ € (0,1)
is a penalty parameter that captures the degree of comparative disadvantage. The
higher ¢ is, the greater the degree of comparative disadvantage of a type-j worker
employed in sector i # j. Unless noted otherwise, henceforth when i and j appear

together in some expression, assume i # j.

2.2.1 Stocks and Flows

Let 1, denote the fraction of type-1 workers. Then,
% = U1t + Xl,t + Nyt = 05, (21)

where uyy, X7, and n;; are, respectively, the mass of type-1 individuals who are
unemployed, skill-mismatch employed, and skill-match employed. Job seekers are
in employment state S € {u, x}, where v means “unemployed” and x means “skill-
mismatch employed.” Unemployed individuals direct their search to both sector-
1 and sector-2 firms.® Given comparative advantage, skill-mismatched individuals
direct their search towards the sector in which they are relatively more productive.’
Moreover, individuals who are skill-match employed do not search because they are
already employed in their best possible match. Recall that, given symmetry, all
statements regarding type-1 economic agents carry over to type-2 agents by simple
re-indexing.

Fach period, the number of matches formed in sector ¢ is determined by the
sectoral matching function m! = m(v?, s), where v* are sector-i vacancies, and s* are

sector-i searchers. Following related literature and empirical evidence, I assume m

81 assume that it is always optimal for them to do so.
9Since the production functions of all firms within a sector are identical, there are no gains in
transitioning from skill-mismatched to skill-mismatched employment.

11



has constant returns to scale.!’ In particular, let m = A(v")*(s")*~%, where a € (0, 1)
is the elasticity of sectoral matches with respect to sectoral vacancies, and A is the
matching efficiency parameter.

Conditional on being in employment state S € {u, x }, the probability that a type-1
individual searching for a job in sector i € {1,2} finds a job in that sector is F] f’&t =
isfi. Fori e {1,2} f/ = mji/s, (sector-i matches per sector-i searchers). Given
constant returns to scale, this can be stated as ff = f(6!), where §' = v'/s* denotes
sectoral (market) tightness, and f’ > 0. Moreover, gli,s is a worker-type/employment-
state specific technological component in the job seeking process.!! 1 refer to the
search technologies ¢{ 5 as effective search. Since Fjg, = {igf{, it follows that £{ g
summarizes the effectiveness with which all of an individual’s job-seeking activities
lead to a job offer given his or her employment state and the sector in which the
individual is searching. /4 ¢ includes different kinds of search activities and methods,
the intensity with which search methods are used, etc.

It follows that sector-1 searchers are a weighted sum of individuals searching in

that sector, where the weights are effective search:

Stl = gi,u c ULt + K%,u s Uzt + g%,x “ X1t (22)
Note that sector-1 searchers do not include the weighted mass of skill-mismatched
type-2 individuals K%,x * Xa2.t» since type-2 individuals who are employed in sector-1
only search for sector-2 jobs.'?

Using similar reasoning as earlier, the probability with which a sector-: vacant

10See, for example, Petrongolo and Pissarides (2001), Gautier (2002), and Krause and Lubik
(2006).

"'This is based on the theory developed in Pissarides (2000), chapter 5, in which the standard,
homogeneous-agent model features an endogenous job-seeking technological component. Later in
the essay I endogenize the choice of idiosyncratic search technologies within the present multi-agent
framework. For now, I assume that search technologies are fixed.

12Note that total matches in sector-1 are given by

1 1 1 _ 1 1 1 1 1
Fl,u,tul,t + F2,u,tu2,t + Fl,xﬁtXLt = gl,u,tft Uit + gQ,u,tft Uzt + él,x,tft X1,

_ (1 1 1 1_ .1 1,1 _ 1
= (él,u,tuLt + E2,u,tu2,f/ + él,x,tXl,t)ft =5 My [sp =my.
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job is filled is given by ¢ = m!/v! (sector-i matches per sector-i vacancies). This can
be stated as ¢! = q(G,’;), where ¢’ < 0. The probability that a sector-1 vacant job is
filled with a worker who has a comparative advantage in that sector is ¢} (1 — ﬂéyt),
and qtlﬂé,t otherwise. Given the earlier development,

1 1
€2,u T U2t €2,u T U2t

1 7 ,
7 01 e + gQ,u Uy T+ gl,x " X1t Sy

That is, ’/T%jt is the effective fraction of type-2 individuals looking for jobs in sector 1.

Let 0 denote the economy-wide probability with which any employed individual
becomes unemployed. Following related literature, for simplicity this probability is
assumed to be time invariant.!®* Then, the evolution of the mass of unemployed

type-1 workers satisfies
Ut+1 — Ut = 0 (nl,t + Xl,t) - (Fll,u,t + Ff,u,t)ul,t- (2-4)

This equation captures that with probability 0 any employed type-1 individual,
whether skill-matched (n,,) or -mismatched (x; ;), enters unemployment. Moreover,
because unemployed individuals search across sectors, they exit unemployment with
probability Fll,u,t + F] fut Note that the aggregate unemployment rate is u; = ), u; ;.

The evolution of the mass of type-1 workers who are skill mismatched is given by

Xig+1 — X1t — Fﬁu,tul,t — (0 + Fll,x,t)X1,t~ (2.5)

The first term in this equation captures that with probability Fﬁmt a type-1 unem-
ployed individual finds a job in sector-2, and therefore becomes skill-mismatched.
The second term captures the two reasons for which a skill-mismatched job can end.
With exogenous probability d the job is destroyed, leading to unemployment. More-
over, given OTJ search, with endogenous probability F} ll,x,t a type-1 individual finds
a job in sector-1; in this case he or she changes jobs, which implies that the skill-

mismatched relationship is endogenously terminated. It follows that the aggregate

13In particular, this is also assumed in the standard, homogenous-agent model.
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rate of skill-mismatch is x;, = ), x; ;- Moreover, let e, = (1 — u;) denote the fraction
of employed individuals. Then, x,/e; is the aggregate fraction of skill-mismatched

employment.

2.2.2 Workers

All unemployed individuals receive constant exogenous flow benefits b > 0. b includes
unemployment benefits, the value of home production, etc. Denote net unemploy-
ment flow benefits by z = b — C', where C' represents effective-search costs. The value
of unemployment for a type-1 worker in period ¢ is denoted by U, and his or her
value of employment in sector i € {1,2} is W},. A type-1 unemployed individual
searching for a job in sector ¢ € {1,2} during period ¢ finds a job in that sector with
probability Ff7u7t, and is employed in that job in the following period. Comparative
advantage in production means that W}, > W2, > Uy, (I assume this last inequality

always holds). Then,

Ui =2+ 5(F11,u,t : Ethl,t+1 + F12,u,t : Ethz,t+1

+ (1= Flyy— Floy) - BlUe), (2.6)

where [, is the expectation operator, and from earlier [ is the discount factor.

In period t a type-1 skill-mismatched individual receives the wage wit, and en-
gages in OTJ search directed towards sector 1. With probability F! ; he or she finds
a job in that sector, in which case in period ¢ + 1 the skill-mismatched job is endoge-
nously destroyed, and the worker transitions to skill-matched employment. Moreover,
with probability ¢ the job is destroyed exogenously, in which case in period ¢ + 1 the
individual in question is unemployed. Therefore, the value of skill-mismatched em-

ployment for a type-1 individual is

W12,t = wit +B((1—46— Fll,x,t) ) EtWﬁtH

+ F o BWiy + 0 BolUypn). (2.7)
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Using analogous reasoning, it follows that the value of skill-matched employment for

a type-1 individual is
Wll,t = w},t + B((1—4) - EtWit-{-l + 0 ByU 1) (2.8)

2.2.3 Firms

Consider the value of a skill-matched job for a sector-1 firm: J{,. Recall that my
notational convention assigns subscripts to workers and superscripts to firms. In
period ¢, output yit is generated. With exogenous probability ¢ the job is destroyed,
in which case the firm has a vacancy in period ¢ + 1. I denote the period-t value of a

vacancy for a sector-1 firm by V;'. Tt follows that
‘]ll,t = yit - w%,t + 6<<1 - 5) ’ Etjll,tﬂ +4- Etvtil)' (2~9)

Now, consider the value to a sector-1 firm of a skill-mismatched job: J;,. Because
skill-mismatched individuals engage in OTJ search, the job is destroyed endogenously
with probability F22 .t Hence, the value of skill-mismatched employment for a sector-

1 firm is
J21,t - y%,t - w%,t + ﬁ((l — 0= F22,X,t) ' Etjzl,tﬂ + (5 + F22,X,t) ’ Et%i’l)' (2-10)

Comparative advantage in production implies that Ji, > J217t.
Following the literature, while a firm has a vacancy it incurs the time-invariant

flow cost ¢ > 0. Therefore the value of a vacancy for a sector-1 firm is
Vi =—c+ (g (1= ma,) Bl g + @y Bedyy) + (1= ) EV,).  (2.11)

Free entry into vacancy creation implies the zero-profit condition V;! = 0 V¢. Using
this condition in equation (2.11) and rearranging yields the vacancy/job-creation

condition

A1 - ﬂ-;,t) : EtJll,tH + ﬂé,t : Etjzl,tﬂ) = c/q(6;). (2.12)
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This equation’s left-hand side represents the expected gains from vacancy posting,

and its right-hand side the expected costs.

2.2.4 Surpluses, Wages, and Equilibrium

For i € {1,2}, S{, = W{, — Ups + Ji, is the surplus generated by an employ-
ment match between a type-1 worker and a sector-i firm. Wages are negotiated
via Nash bargaining, and instantly renegotiated given any changes in the state of
the economy. In particular, for ¢ € {1,2} the wage maximizes the Nash product
(Wi, — Up)"(J; )", where n € (0,1) is the bargaining power of workers. This

results in the surplus-sharing rule

(Wli,t —Uis)/n = i,t = Jf,t/ (L—mn). (2.13)

Since S}, > S}, (and S}, > S ), given Nash bargaining wy , > w{, (and w{, > wy,).
Therefore, the wage of an individual who is skill-mismatched is lower than his or her
skill-matched wage. Moreover, the wage of an individual who is skill-mismatched in
a sector is lower than that of individuals who are skill-matched in that same sector.

Using the definition of surplus, the job-creation condition in equation (2.12) can

be stated, for ¢ # j, as

B(L—n)((1- 773',1&) ’ Etsf,tﬂ + 73’,1& ) EtS;',tH) = c/q(@i). (2.14)

This is, in fact, the model’s fundamental equilibrium equation. Changes in the ex-
pected gains from vacancy posting require changes in expected costs, which occur
through changes in ¢. In turn, ¢’ is a (decreasing) function of #". Therefore, ' and
62 are the model’s fundamental equilibrium variables. Once searchers s’ are deter-
mined, sectoral vacancies can be backed out from 6. Given knowledge of the masses
of unemployed and skill-mismatched individuals it is straightforward to derive s, and
therefore, 7r§, where i # j. Hence, for ¢,j € {1,2} and i # j knowledge of the key
endogenous variables 7'(';-, u;, x;, and @' (eight variables total) is sufficient to derive

all of the model’s endogenous variables. There are four employment values: J}, Jj,
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J2, and J?. Using the surplus-sharing rule in equation (2.13) these can be stated in
terms of employment surpluses, and solved for using the four job values implicit in
equations (2.9) and (2.10). As noted before, ' and 6? are defined by the two corre-
sponding job creation conditions defined by equation (2.14). Finally, the remaining
six key variables 72, 73, u1, us, X;, and Y,, are defined through the 6 expressions
implicit in equations (2.3), (2.4), and (2.5): recall the environment is symmetric.

Thus, the model reduces to 8 equations in 8 unknowns.

2.2.5 The Role of Worker Heterogeneity

I refer to the model developed above as the multi-agent (MA) model. For simplicity,
unless noted otherwise, assume that in this model all effective search is fixed at unity:
for 7,7 € {1,2} éfu = 1 and /; = 1. This simply means that the number of searchers
in any sector are one and the same with the number of individuals searching in that
sector. The MA model is not solvable analytically. However, it is still possible to
gauge the role of worker heterogeneity.

In the multi-agent model, expected vacancy-posting gains are directly dependent
on the key variables p (through the value of output) and 7'('3», where ¢ # j. Consider
a permanent increase in p. On impact, the expected gains from vacancy posting
(the left-hand side of equation (2.14)) rise, so firms respond by posting more vacan-
cies. This results in an instantaneous increase in sectoral market tightness 6°, which
increases the expected costs of posting vacancies (the right-hand side of equation
(2.14)). Hence, the job-creation condition in equation (2.14) continues to hold. How-
ever, all adjustments do not end there. This is because the probabilities 7r§. consist of
the slow-moving masses of unemployed and OTJ searchers (see equation (2.3)), and
are therefore slow moving themselves. Slow adjustments in these probabilities will
lead to post-shock slow-moving changes in the expected gains from vacancy posting,
which for equilibrium to hold will be matched by slow-moving changes in 6°.

Given symmetry, to understand the adjustment process in 7r§, I focus on the firm-
side probability of skill-mismatched employment in sector 1: 3. Consider the pool

of sector-1 searchers: us, uy, and x;. When productivity increases, firms post more
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vacancies. This immediately translates into an increase in all job-finding probabili-
ties (0" rises). In particular, the increase in the probability of exiting unemployment
triggers a slow-moving reduction in u; and ug (see equation (2.4)). As the pool of
unemployed individuals declines, all type-2 individuals who exit unemployment also
exit the pool of sector-1 searchers: they either become skill-matched, and therefore
exit search entirely, or they become skill-mismatched, in which case they direct OTJ
search towards sector-2 only. At the same time, as the pool of unemployed individ-
uals declines, not all type-1 individuals who exit unemployment also exit the pool
of sector-1 searchers: while some of them become skill-matched, and therefore exit
search entirely, others become skill-mismatched. Type-1 individuals who exit unem-
ployment by becoming skill-mismatched continue to form part of the pool of sector-1
searchers: they engage in OTJ search directed towards this sector. It follows that in
an expansion, as unemployment declines, because type-1 individuals take longer to
exit the pool of sector-1 searchers than type-2 individuals, 73 will decline.

Proposition 1. In the multi-agent model the firm-side probability of skill mis-
matched employment, 7T§-, where 1 # j, 1s countercyclical.

Proof. In Section 2.9.!4

Because 7r§- is a function of the slow-moving masses u;, u;, and x;, it follows that
a positive shock to productivity will induce a slow-moving decline in 7T; Given the
job-creation conditions in equation (2.14), this will lead to slow-moving increases in
the expected gains from vacancy posting, and therefore to slow-moving increases in
sectoral market tightness #°: the availability of vacancies per searchers will continue
to rise after its initial post-shock jump (propagation in sectoral market tightness).
By extension, after an increase in productivity, the availability of vacancies per un-
employed searchers will experience a period of slow-moving increase. Hence, the
aggregate vacancy-unemployment (V/U) ratio will exhibit propagation as well. I

denote the V /U ratio by © = v/u.

14 As noted in Shimer (2005) and Mortensen and Nagypal (2007), the cyclical properties of models
of this sort are well assessed by considering differences between steady states. Therefore, in the
present essay propositions and proofs referring to the cyclicality of variables are based on steady-
state to steady-state changes.
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Proposition 2. In the multi-agent model, the rate of skill-mismatch, x, s coun-
tercyclical.

Proof. In Section 2.9.

Intuitively, note from equations (2.4) and (2.5) that given an increase in produc-
tivity, while the probability of exiting unemployment increases, both the probabil-
ity of entering and exiting skill-mismatched employment rise. In an expansion, the
decline in the pool of unemployed individuals serves to ultimately decrease inflows
into skill-mismatched employment relative to outflows. In particular, given a perma-
nent increase in productivity, this results in a decrease in the rate of skill-mismatch.
Proposition 3 and Corollary 1, which follow below, highlight the importance of OTJ
search for the multi-agent model’s propagation channel: 7r§

Proposition 3. In the absence of OTJ search, in the multi-agent model 7r§» 18
always constant.

Proof. Given symmetry, for i # j u;y = uj; = 0.5u;, and x;, = x;; = 0.5x;-

Then, rearranging equation (2.3) implies that

; b laxi)
Ty = <1 + E;—u + K;_uu_t) . (2.15)
Assuming OTJ search is not possible is equivalent to setting f;x = 0, in which case
7' is equal to the constant (1+¢;,/¢;,)~". In particular, under the assumption that
t;, =, =1, where i # j, in the absence of OTJ search 7%, = 0.5 Vt. [

Corollary 1. In the multi-agent model skill-mismatched employment is necessary,
but not sufficient, for propagation in the V/U ratio to occur in response to productivity
shocks.

Corollary 1 is straightforward to understand. Eliminating the possibility of skill-
mismatch implies that for i # j 7%, = 0 Vt (see equation (2.3)). Since slow-moving
changes in 7T; are what generates propagation in the V/U ratio, 7r§7t = 0 Vt shuts
down the MA model’s propagation channel. Moreover, given Proposition 3, even if

)

skill-mismatched employment does exist, in the absence of OTJ search 7;

is always

constant as well; this also results in the MA model’s propagation channel being shut
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down.

To understand the benchmark, homogeneous-agent model’s lack of propagation
in the V/U ratio, note that assuming identical economic agents is equivalent to
assuming that in the MA model ¢ = 0. Such homogeneity means that no skill-
mismatch is possible to begin with, which implies that x = 0, and hence, for i # j,
7w, = 0 Vt. Since there is no skill-mismatch, there are no incentives for OTJ search,
and the only job seekers are individuals who are unemployed. Thus, matches are
a function of aggregate vacancies and unemployment: m; = m(v, uy). It follows
that the expected costs of posting a vacancy can be stated as ¢/q (©;), and the (only)
key variable affecting expected vacancy-posting gains is economy-wide productivity p.
Given the absence of the slow-moving variables 7r§- in the expected gains from vacancy
posting, in the standard model all adjustments in these gains occur instantaneously.

This instantaneous adjustment must be matched by an instantaneous adjustment in

¢/q(©;), and therefore, in © (no propagation).

2.2.6 The Role of Optimal Effective Search

In the multi-agent model, workers have different job opportunities available. There-
fore, a natural step that follows in understanding the economic implications of worker-
side heterogeneity is to endogenize the choice of effective search. Since job-finding
probabilities are linear in effective search, in order to bound effective-search choices,
search costs must be introduced. The costs of effective search directed towards a sec-
tor are simply the costs of generating job offers in that sector. As noted in Krueger
and Mueller (2008), the time that unemployed individuals spend searching is small,
which suggests that time constraints are not binding in optimal search decisions.!’
Given this, an intuitive reason for which unemployed individuals might limit the ef-
fective search they devote to any given type of job opportunity is that search costs

are sector specific. In turn, sector-specific search costs are a natural motivation

for individuals to broaden their search to include jobs in which they do not have a

5Tn their cross-country investigation, Krueger and Mueller (2008) find that, conditional on search-
ing, the average search time ranges from 40 minutes per week in Slovenia, to slightly less than 4
hours per week in Canada (which is a small amount more than in the U.S.).
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comparative advantage. Hence, I assume that individuals bear the effective-search
disutility function

Ol Bsr) =T ()95 + () 97), (2.16)

"y

where I' > 0 is a scaling parameter and £ > 0. Since skill-mismatched individuals

direct their search to the sector in which they have a comparative advantage,
Oy e) = T(0 ) (2.17)

Within this context, the only value functions that must be updated are the
worker’s value of skill-mismatched employment and the value of unemployment.
These now become, respectively,

W12,t = lgllax {wit - C(él )+ B((1—6 - Fll,x,t) ) EtWﬁtH

1x,t
1,x,t

+ Fll,xyt ‘ Ethl,t—l—l +0-BUi i)} (2.18)
and

1 1 2 2
|, max {2+ B(Fl,u,t : Eth,t+1 + Fl,u,t -EWi

lu,t’ “1,u,t

Uy =

+ (1= Fp = Fyy) - BilUi) ) (2.19)

As before, z; is net unemployment flow benefits; in particular, for i # j, z; = b —
C(@,t,u’ gg,t,u) .

I continue to assume that in all states of the economy it is optimal for unem-
ployed individuals to search for jobs across sectors. Given the surplus-sharing rule in

equation (2.13), the first-order conditions for optimal search can be stated as

F1+€

(@,X,t)l/g = ftlﬁnEt<Sit+1 - Sitﬂ) (2.20)
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when skill-mismatched, and for ¢ € {1,2}

Fl—l—s

(6u)"® = FiBNESS s (2.21)

when unemployed.!® In each of these first-order conditions the right-hand side repre-
sents the expected gains from search. Therefore, ¢ is the elasticity of effective search
with respect to any given sector’s expected-search gains. In terms of equilibrium, the
first-order conditions above define optimal effective search.

The first-order condition for unemployed effective search, in particular, highlights
the intuitive nature of the chosen cost function. Under symmetry, f! = f2 = f.
Therefore, since S > S%, given equation (2.21) unemployed individuals will always
devote greater effective search towards skill-matched employment: (7, , > #; , ;. This
implies self selection. Furthermore, if non-symmetric environments were considered,
the chosen cost function provides an additional and natural motivation for skill-
mismatched employment to exist. Suppose f! = 0. Then, it is optimal to set
ﬁiu,t = 0, but as long as the expected gains from skill-mismatched search are positive
60> 0.

Although the model is not solvable analytically, the impact of effective search
can still be gauged. In the model, procyclical expected gains from search imply
that effective search is procyclical. Intuitively, in an expansion, jobs are easier to
find and employment surpluses are higher. This means that, all else constant (in
particular, gross unemployment flow benefits), the opportunity cost of not having a
job increases. Therefore, individuals react to above-average economic conditions by
supplying above-average effective search. In a recession, the opposite occurs. For
instance, think of discouraged workers as an extreme example of this: these are
individuals who have set effective search equal to zero.!”

Procyclical effective search provides a channel for the amplification of aggregate

‘161ndividuals choose effective search taking market conditions as given (in particular, they take
0" as given). In addition, note that it is endogenously optimal to set E%%t =0.

17Christensen et al. (2005) provide empirical analysis on the procyclicality of effective search.
The procyclicality of effective search is also a feature of the standard, homogenous-agent model
enhanced to account for endogenous effective search: see Pissarides (2000), chapter 5.
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shocks.!'® On impact of a positive shock, firms post more vacancies. This increases
job-finding probabilities, which on its own provides an incentive for job seekers to
increase effective search (see the expected gains from search in the relevant first-
order conditions). Higher effective search decreases expected vacancy-posting costs:
all else equal, the job-filling probability increases. These lower costs induce firms to
further increase vacancy posting, which induces greater effective search, and so on
and so forth. This feedback between firm- and worker-side decisions will generate
amplification of productivity shocks in the V/U ratio in excess of that which would
occur in the absence of endogenous effective search.!?

In addition to contributing towards amplification, procyclical effective search will
enhance the model’s propagation channel. Employed skill-mismatched job seekers
have a more attractive outside option than unemployed job seekers. Indeed, note
from equation (2.20) that OTJ effective search is a function of the difference between
employment surpluses. In contrast, note from equation (2.21) that unemployed ef-
fective search is a function of the employment surplus associated with a particular
job. Given procyclical employment surpluses, it follows that the effective search of
unemployed individuals will be more procyclical than that of OTJ searchers. In
particular, this means that on impact of a positive productivity shock entries into
skill-mismatched employment will exceed exits. Combined with the fact that unem-
ployment will be decreasing, an increasing rate of skill-mismatch will tend to further
enlarge the pool of searchers who are directing their search exclusively towards the
sector in which they have a comparative advantage. This will occur beyond what
would happen in the absence of endogenous effective search, and will therefore in-
duce further post-shock reductions in the firm-side probability of skill-mismatched

employment, 72, than otherwise.

18See Krause and Lubik (2006) and Nagypal (2006) for an analysis of amplification induced by
procyclical effective search in other theoretical contexts.

19The structure of the model implies that after an increase in productivity, in spite of increases in
effective search, the job-filling probability ultimately declines. This countercyclicality of job-filling
probabilities is also a feature of the standard and MA models, and is in line with the data. See, for
example, Davis, Faberman, and Haltiwanger (2009).
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2.2.7 Nested Models

I refer to the multi-agent model enhanced with optimal effective search as the multi-
agent optimal-search (MA-OS) model. The MA-OS model nests three models. These
are the multi-agent model, the standard (homogeneous-agent) model, and a version of
the standard model in which effective search is endogenous (standard optimal search
(standard-OS) model). Taking the MA-OS model and fixing all effective search at
unity recovers the multi-agent model. Alternatively, taking the MA-OS model and
setting ¢ = 0 (that is, imposing that everyone is identical and therefore eliminating
skill-mismatch), but allowing unemployed individuals to choose their effective search
endogenously, recovers the standard-OS model. In the homogenous environment of
the standard-OS model, denote the effective search of unemployed individuals (the
only searchers) by ¢;. Taking the standard-OS model and setting ¢; = 1 V¢ recovers
the standard model.2’ Moreover, as noted earlier, taking the multi-agent model and
setting ¢ = 0 recovers the standard model as well. Therefore, the MA-OS model
nests the multi-agent and standard-OS models, and through them, the standard,
homogenous-agent model of equilibrium unemployment theory.

Since the standard-OS model is a special case of the standard model, the key
variable influencing expected vacancy-posting gains is limited to economy-wide pro-
ductivity, p. Hence, as is the case in the standard model, the standard-OS model has
no channels through which propagation in the V/U ratio can occur.

Given its relative tractability, some points discussed intuitively with regards to
the MA-OS model can be shown analytically when effective search is endogenized
in a homogeneous-agent framework. In particular, Propositions 4 and 5 address,
respectively, the cyclical behavior of effective search in the standard-OS model, and
the impact of endogenous effective search on the amplification of shocks in the V/U
ratio.

Proposition 4. In the standard-OS model effective search is procyclical.

Proof. In Section 2.9.

20Recall that further details on the standard and standard-OS models can be found in Pissarides
(2000), chapters 1 and 5.
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Proposition 5. If effective search is endogenized in the standard model, then the
elasticity of the V/U ratio with respect to productivity is greater than otherwise.

Proof. In Section 2.9.

2.3 Simulation Methodology and Calibration

Although I have made reference to several models, this essay’s central model of in-
terest is the MA-OS model. Since the MA-OS model is not solvable analytically, I
will further the analysis by making use of the model’s linearized representation to
generate impulse response functions, and also to calculate elasticities based on model-
generated data. Below, I describe general aspects of my analysis methodology, and

also the choice of parameter values for the MA-OS model.?!

2.3.1 Simulation Methodology

I assume the time period is equal to one week. Using the model’s linearized represen-
tation, following the literature, model-generated data is obtained by using the exoge-
nous productivity process Inp, = plnp;_1 + &, where p € (0,1), and £ ~ N (0, O’Z).
Empirical productivity data is only available at quarterly frequency. Hence, I present
statistics of interest at this frequency. Since the model’s time period is defined to
be one week, I obtain a series of data by simulating 4000 weeks worth of data. To
control for initial conditions I discard the first 1000 observations. Then, I average
the remaining data to obtain 250 quarters.?? The logarithm of the data is detrended
using a Hodrick-Prescott filter with, following Shimer (2005), smoothing parameter
equal to 10°. This data is used to obtain any desired statistics, and results are stored.

I repeat this process 10,000 times, and then present averages over stored results.

2I'Whenever appropriate, later in the paper other models are referenced and their calibrations
noted.
22Empirical counterparts to model-generated data are available for approximately 250 quarters.
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2.3.2 Parameter Values

As noted in Table 2.1, twelve parameters require that values be assigned to them.?
Given that the time period is one week, I set the discount factor, 3, equal to 0.999.
This is consistent with a quarterly interest rate of 0.012. Moreover, given the research
in Hall and Milgrom (2008), I choose gross unemployment flow benefits, b, so that
equilibrium net unemployment flow benefits, z, are equal to 0.71. I use the bargaining
power of workers, 77, to set the equilibrium expected sectoral cost of posting a vacancy,
c/q', equal to 14% of equilibrium (sectoral) average quarterly wages. This cost is in
line with the research in Silva and Toledo (2006), in which the Saratoga Institute’s
(2004) estimate of vacancy-posting costs is used. The parameters for the economy’s
exogenous productivity process, p and o, are chosen so that the model-generated
output per worker (OPW) matches that of the US, which at quarterly frequency has
standard deviation 0.02 and autocorrelation 0.88.2*

Petrongolo and Pissarides (2001) find that the elasticity with respect to the V/U
ratio of aggregate matches formed with individuals exiting unemployment is approx-
imately 0.5. To target this elasticity, I use the elasticity of sectoral matches with
respect to sectoral vacancies, a.. The elasticity of effective search, ¢, determines the
extent to which effective search changes in response to changes in the expected gains
from search. In particular, this means that given a change in productivity, ¢ will
impact the change in unemployment relative to vacancies. Hence, I use ¢ to target
the slope of the Beveridge curve, which is the empirical negative relationship between
aggregate vacancies and unemployment. Using quarterly data, I find the slope of the
Beveridge curve approximately equal to —1.%

Although I have used the term “sectors” to structure the notion of skill-mismatch,

23 All tables are available in Section 2.8.

24 Data spans 1948:Q1 through 2009:Q4, and uses the Bureau of Labor Statistic’s (BLS) measure
of non-farm business output per person. Statistics are based on the data’s log deviations from trend,
obtained using a Hodrick-Prescott filter with, following Shimer (2005), smoothing parameter equal
to 10°.

25Data spans 1951:Q1 through 2006:Q2. As is standard in the literature, I use the Conference
Board’s Help-Wanted Advertising Index for vacancies (data span is limited to the availability of
this index). Data on unemployment is available from the BLS. Statistics are based on the data’s
log deviations from trend, obtained using a Hodrick-Prescott filter with, following Shimer (2005),
smoothing parameter equal to 10°.
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in reality skill-mismatch can exist over a wide range of situations. These can relate
to industry affiliation, education, job-specific requirements, etc. McLaughlin and
Bils (2001) argue that average within-industry wage differentials between individuals
who remain in an industry and those who switch can be interpreted as the result of
equilibrium self-selection. McLaughlin and Bils show that, empirically, the wages of
industry switchers are on average 16% lower than those of industry non-switchers. I
take this number as a reference point. Therefore, I use the skill-mismatch penalty
parameter, ¢, to set the equilibrium ratio of wages of skill-mismatched individuals to
average wages in a sector equal to 0.84; I denote this ratio by w.

I use the matching function efficiency parameter, A, and the flow cost of vacancy
posting, ¢, to target, respectively, the equilibrium V/U ratio © = 0.72 and the
equilibrium aggregate unemployment rate u = 0.057.2° Note that an increase in the
search-cost parameter, I', makes search more costly; all else equal, this decreases
optimal effective search and increases unemployment. Hence, for example, increasing
I' means that in order to attain any given target for the unemployment rate A must
be increased as well. Numerical analysis reveals that for each I' there is a value of
A that will hit the target equilibrium unemployment rate, but nothing else in the
model will change. For concreteness I follow Lise, Seitz, and Smith (2003) and set
I = 0.0526.%

Using US unemployment data, I obtain the job-finding probability of the (average)
unemployed worker using the methodology described in Shimer (2005). At monthly
frequency, the average of this is equal to 0.44.%® The implied job-finding probability
at weekly frequency is given by 1— (1 — 0.44)1/ 4, which is equal to 0.135; I take this as
the relevant steady-state value. Using this and the target equilibrium unemployment

rate, solving for the exogenous job-destruction probability implies § = 0.0082. The

26The unemployment rate corresponds to the average at monthly frequency spanning 1948:M1
through 2010:M5 using data from the BLS. The value of © is based on findings noted in Pissarides
(2009).

2TLise, Seitz, and Smith (2003) focus on program evaluation and endogenize the effective search
of unemployed individuals in a theoretical framework in which search is non-directed. In the present
model, recall that the value of skill-matched employment is normalized to unity. Intuitively, I' must
necessarily be reasonable relative to this so that b is as well, and results are unaffected by the choice
of I'.

281 construct this variable using the same unemployment data noted earlier.
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full choice of parameter values for analysis of the MA-OS model is available in Table

2.1.%

2.4 Results
2.4.1 The V/U Ratio and Unemployment

Figures 2.1 and 2.2 show the dynamic adjustment of © and u in response to a 1%
permanent increase in economy-wide productivity, p, in the MA-OS and standard
models.®* Note from Figure 2.1 that while in the standard model on impact of
the shock © instantaneously jumps to its new equilibrium value, in the MA-OS
model © jumps, but thereafter continues to increase for a period of approximately
4 months (propagation). That is, in the MA-OS model the availability of vacancies
per unemployed individual continues to rise after the shock. As shown in Figure
2.2, relative to the standard model, the slow-moving increase in the V/U ratio that
characterizes adjustment in the MA-OS model is consistent with a much larger decline
in aggregate unemployment than in the standard, homogeneous-agent model.

As in Pissarides (2009), I turn attention to the elasticities of the V/U ratio and the
aggregate unemployment rate with respect to output per worker (OPW). As shown
in Table 2.2, in the US the empirical elasticities of © and u with respect to OPW are,
respectively, 7.261 and -3.580. Table 2.2 also shows the multi-agent optimal-search
(MA-OS) model’s counterpart to these elasticities based on model-generated data.
In the MA-OS model the elasticity of © is 5.201, and the elasticity of u is -2.611
(in both cases, around 72% of the data). This is reasonable, since for simplicity
I have assumed that the probability of entering unemployment, 9, is constant. In

fact, Elsby, Michaels, and Solon (2009) show that in a recession approximately 30%

29The choice of parameters are such that, in equilibrium, output per worker is equal to 0.996 and
the fraction of skill-mismatched employment is 0.03. These values are not targeted. Moreover, the
fact that z = 0.71 in equilibrium implies that net unemployment flow benefits are almost exactly
71% of equilibrium output per worker.

30Dynamic-adjustment results are best understood in the context of permanent productivity
shocks. In explaining and contrasting results, this avoids having to keep track of mean-reverting
changes in p. Later in the essay I return to the issue of temporary shocks. All figures can be
found in Section 2.7. The calibration for the standard model is available in Table 2.3; all applicable
calibration targets are as described earlier for the MA-OS model.
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of the increase in unemployment stems from an increase in unemployment inflows,
while the remaining 70% owes to a decrease in the outflows from unemployment. In
the present model, it is the probability of exiting unemployment that is endogenous,
while the entry probability is kept constant. For reference, the last column of Table
2.2 shows elasticities based on data generated using the standard, homogenous-agent
model. The standard model predicts an elasticity of © equal to 3.462 (48% of the
data), and an elasticity of u equal to -1.537 (43% of the data). The MA-OS model
yields substantial gains in explanatory power relative to the standard model. Results
suggest that worker-side heterogeneity and optimal search can have an important

role in aggregate labor-market fluctuations.

2.4.2 Propagation

For the purposes of comparison, Figure 2.3 once again shows the dynamic response
of ©® in the MA-OS model given a 1% permanent increase in p, and also in the
three models it nests: 1) the MA model (relative to the MA-OS model, endogenous
effective search is shut down) 2) the standard-OS model (relative to the MA-OS
model, there is no heterogeneity) and 3) the standard model.*! As suggested by
the earlier analysis, the response of © in the MA-OS model is a combination of
that in the MA and standard-OS models. In particular, the MA model is the key
behind propagation, which neither the standard-OS nor standard models feature. In
addition, amplification (the total change in ©) is enhanced by endogenous effective
search. This is highlighted by contrasting the response of © in the standard-OS model
relative to the standard model. Moreover, note that the MA-OS model’s combination
of endogenous effective search and heterogeneity yields greater amplification and

propagation than in, respectively, the standard-OS and MA models on their own.

2.4.2.1 Propagation in the MA Model To understand propagation, I focus ini-

tially on the MA model. Recall from the earlier analysis that propagation will result

31The response of © in the MA-OS and standard models was already shown in Figure 2.1 and is
reproduced for the purposes of comparison. The calibration for the MA and standard-OS models is
available in Table 2.4.
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from slow-moving changes in the firm-side probability of skill-mismatched employ-
ment 73 = uy/se'. 32 Fori € {1,2} symmetry implies that the percent changes in u;
and y, are the same as those in their aggregate counterparts u and y. The relative
rate of adjustment between y and u is key for the direction of change in 71 (see equa-
tion (2.15), and recall that in the MA model all effective search is fixed at unity).
In particular, given an increase in productivity, as long as x/u is increasing, w3 will
be decreasing. Intuitively, relatively more individuals directing their search towards
skill-matched employment only (OTJ searchers) imply a lower firm-side probability
of skill mismatch.

An increase in productivity increases the probability of exiting unemployment
(see equation (2.4)), but increases both the probability of entering and exiting skill-
mismatched employment (see equation (2.5)). These opposing forces on skill mis-
matched employment imply that unemployment will adjust relatively faster. Figure
2.4 shows the dynamic response of y and u to a 1% increase in economy-wide pro-
ductivity in the MA model. The fact that unemployment adjusts faster than skill-
mismatched employment has two effects. Immediately after the shock, the rate of
adjustment in y is slower than that in u: this tends to decrease 73. Because u adjusts
faster than y, then it converges towards its new equilibrium value faster (while y con-
tinues to decline): this tends to increase wi. Therefore, although from Proposition
1 after an increase in productivity 7} will ultimately decrease relative to its initial
value, its adjustment will be U-shaped.

The U-shaped adjustment in the firm-side probability of skill-mismatched employ-
ment, 73, is shown in Figure 2.5. This figure depicts the dynamic adjustment of 71 in
the MA model given a 1% permanent increase in productivity p. The corresponding
dynamic adjustment in © is also shown for reference. While 73 decreases incentives
for vacancy-posting remain relatively high and © increases. Thereafter, © decreases

and converges to its new (higher) equilibrium value.

32For simplicity, whenever convenient I continue to exploit the model’s symmetry, developing
analysis from the point of view of type-1 economic agents.
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2.4.2.2 Propagation in the MA-OS Model Now, consider the MA-OS model.
Figure 2.6 shows the response of 73 and © to a 1% permanent increase in p. Note
that after the shock, the dynamic response of 73 is similar to that in the MA model.
Therefore, the reasons for propagation in the MA-OS model are analogous to those
in the MA model. Note, however, that on impact of the shock 7} rises. This implies
that the jump (effective search) components of 7} dominate its on-impact response,
but thereafter its behavior is dominated by its slow-moving components. Proposition
1 can be thought of carrying over as follows: on impact of a shock 73 can jump, but
relative to its position after this initial jump, 7} will decrease. Figure 2.6 highlights
that what matters for propagation is the slow-moving post-shock direction of change
in 73, and not its initial jump.

To understand the jump in 73 shown in Figure 2.6, consider Figure 2.7, which
shows the response of effective search in the MA-OS model given a 1% permanent

increase in p. Note that the effective search that unemployed individuals devote

to skill-mismatched jobs (U — skill-mismatch, ¢

Suis © 7 J) experiences the great-

est percentage-wise increase, while unemployed and OTJ effective search devoted to
skill-matched search (U — skill-match, ¢;, ,, and OTJ search, £; ;) follow in magni-
tude. In particular, the relatively greater percent increase in effective search devoted
towards skill-mismatched employment is what makes 7} increase on impact of the
shock (recall that in the MA-OS model 7y = 3, ,us;/se;). This relatively greater
percent increase in @,u will always occur, and stems from the expected gains from
search for skill-mismatched employment always being relatively lower.>*> To further
understand this, consider an extreme example. Suppose the expected gains from
skill-mismatched search were zero; then, the first-order conditions for optimal effec-
tive search imply that @’u would be zero as well. Given a positive productivity shock,
assume these expected gains increase by an arbitrarily small amount. Then, so will

0% .. However, because £} was originally zero, the percent change in £}, would

technically be infinity.?*

33However, recall from earlier that by comparative advantage 0} i > U5, for all states of the
economy.
34 Note from Figure 7 that although small in magnitude, effective search does exhibit propagation.
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Having analyzed the jump components of 7} in the MA-OS model, Figure 2.8
turns to its slow-moving components. As before, given symmetry, I focus on the
aggregate rates of unemployment and skill mismatch. Note that the dynamic response
of unemployment is similar to that in the MA model. However, while in the MA model
Y is always decreasing after the shock, in the MA-OS model after the shock y initially
rises, and thereafter decreases. The initial rise in y owes to the greater procyclicality
of unemployed effective search relative to OTJ effective search (which results in entries
into skill-mismatch initially exceeding outflows), and serves to magnify the slow-
moving decrease in 3. This induces greater propagation in © in the MA-OS model
than in the MA model.

Note from comparison of Figures 2.6 and 2.8 that changes in the mass of skill-
mismatched employment are not a sufficient statistic for changes in vacancy-posting
incentives. In particular, in response to an increase in productivity, there are stages of
adjustment over which at the same time that the rate of skill-mismatched employment
is increasing, the firm-side probability of skill-mismatch is decreasing. Given the
earlier analysis the intuition for this is straightforward: the relatively more skill-
mismatched individuals there are, the more job seekers there are who direct their

search exclusively towards skill-matched employment; this tends to decrease 3.

2.4.3 The V/U Adjustment Process: Temporary Shocks

In their detailed analysis, Fujita and Ramey (2007) show that, empirically, in the US,
in response to a temporary increase in productivity: 1.a) on impact the V/U ratio
jumps; however, around 60% of the total increase in the V/U ratio occurs during
its post-shock stage of slow-moving adjustment, 1.b) the peak of the response of the
V/U ratio in response to a temporary increase in productivity occurs approximately
12 months after the increase in productivity takes place, 2) the aggregate unemploy-
ment rate declines for approximately 15 months before mean reversion begins, and

3) vacancies exhibit propagation as well; on impact of the shock vacancies jump, and

After the shock, all effective search continues to increase for approximately 5 months. Given equation
(2.15), if OTJ search is not possible, then even when effective search is endogenous all adjustments
will be instantaneous. It is the the slow-moving ratio x/u in m; that triggers propagation.
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thereafter they continue to increase for approximately 12 months before mean rever-
sion begins. It follows that, empirically, propagation in vacancies is a contributing
factor to propagation in the V/U ratio.

It is of interest to gauge the extent to which worker-side heterogeneity and optimal
search contribute to the dynamic adjustments noted in Fujita and Ramey (2007).
Hence, in the MA-OS model, I consider the response of the V/U ratio, aggregate
vacancies, and aggregate unemployment to a temporary shock in productivity, p,
similar in magnitude and persistence to the (empirical) one shown in Fujita and
Ramey (2007).% Figure 2.9 shows the dynamic adjustment of the V/U ratio in
response to such shock, while Figure 2.10 shows the evolution of productivity. On
impact © increases by around 3%. Thereafter, propagation of the shock occurs: ©
continues to rise for 3 months. In addition, out of the total increase in ©, around
16% owes to the period over which it slowly increases. Given the evidence in Fujita
and Ramey (2007), in the MA-OS model the length of time it takes adjustment in ©
to peak is around 25% of its empirical counterpart. Moreover, the relative fraction of
the total rise in © owing to propagation in the MA-OS model is approximately 27%
of that which occurs empirically.

I now turn to the dynamic adjustment of aggregate vacancies and unemployment
themselves. Because © = v/u, there are three ways through which propagation in
© can emerge. Consider an increase in p. Of course, u will decline. Therefore, as
long as dlogv; > dlogu;, © will be increasing. This can occur either because after
the shock vacancies are increasing, vacancies remain fixed, or vacancies decrease at
a slower rate than unemployment does. As shown in Figure 2.11, it is the last of
these possibilities that generates propagation in © in the MA-OS model. The post-
shock slow-moving decline in 7} maintains incentives for vacancy posting higher than
otherwise. Therefore, after an initial jump vacancies decrease, but at a slower rate
relative to unemployment than they would in the absence of a post-shock decline in
mi. In the standard and standard-OS models vacancies do not exhibit propagation

either; however, after a productivity shock vacancies return to their mean value too

3 Fujita and Ramey (2007) show the empirical effects of a temporary shock in productivity of 0.7
percent, with persistence parameter at quarterly frequency approximately equal to 0.95.
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fast. This lies at the center of these models’ lack of propagation in ©.

If vacancies did exhibit propagation in the MA-OS model, then the model-generated
propagation in the V/U ratio would be enhanced. The model’s two worker types,
two production sectors structure serves to intuitively uncover the latent propaga-
tion channel implied by the firm-side probability of skill-mismatched employment.
However, a clear path for future research involves exploring extensions of the model
in order to understand how slow-moving changes in 73 could induce propagation in
vacancies. Intuitively, two reasons for which the effects of changes in 71 could be
magnified are greater heterogeneity in the labor force, and job-training costs that are
decreasing in the actual quality of the employment match. The former is sensible
given that heterogeneity is the key to the model’s propagation channel. The latter
would imply that slow-moving increases in the firm-side probability of skill-matched
employment would induce declines in expected training costs; this could increase
expected vacancy-posting incentives enough so that vacancies would in fact exhibit

propagation.

2.4.4 Match Quality

Although a main focus of this essay has been understanding propagation in the V/U
ratio, the heterogeneous worker framework of the MA-OS model allows for broader
applications. One interesting issue that I consider is related to match quality itself,
which in the model is captured by the fraction of skill-mismatched employment y/e.

There is no readily applicable index of match quality. However, in a broad sense
of match quality Barlevy (2002) notes a dichotomy: while some research suggests
that recessions are times in which resources are exclusively reallocated to better uses,
other research suggests the opposite. For example, using US manufacturing plant-
level data, Bailey, Bartelsman, and Haltiwanger (2005) use the Longitudinal Research
Database and find that the labor shares of less productive plants fall in recessions,
suggesting that under such circumstances there is a relative reallocation of resources
to better uses. Alternatively, Bowlus (1995) assumes that matches of better quality

last a longer time. Using job-tenure National Longitudinal Survey of Youth data,
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Bowlus finds that during recessions workers increase their acceptance of jobs that
on average dissolve faster, suggesting a decline in match quality. In the spirit of
reconciling this evidence, Barlevy (2002) argues that given a negative productivity
shock, matches of the worst quality may be destroyed, thus increasing average match
quality. At the same time, a worsening of overall economic conditions can slow down
the reallocation of workers across jobs enough so that individuals have a relatively
more difficult time moving into jobs for which they are best suited for; this tends to
decrease average match quality.?¢

Figure 2.12 shows the dynamic response of the fraction of skill-mismatched em-
ployment x/e to a 1% permanent increase in productivity in the MA-OS model. Of
course, the response of /e closely mimics that of xy shown earlier in Figure 2.8. Note
that x/e first increases (implying a decrease in average match quality) and thereafter
declines (which implies an improvement in average match quality). The intuition
for this result is as noted earlier for the dynamic response of y. Employed skill-
mismatched job seekers have a more attractive outside option than unemployed job
seekers. Therefore, the effective search of unemployed individuals is more procyclical
than that of OTJ searchers. This means that, on impact of a positive productivity
shock, entries into skill-mismatched employment exceed outflows. Overall, results im-
ply that changes in productivity can yield different stages of adjustment over which

increases and decreases in match quality are observed.3”

2.5 Related Literature

The model developed in the present essay builds on the search-and-matching frame-
work as developed through the work of, for example, Diamond (1982), Mortensen
(1982), Pissarides (1985), Mortensen and Pissarides (1994), and Pissarides (2000).

Shimer (2005) revealed several quantitative limitations of the standard, homogeneous-

36The model in Barlevy (2002) is based on non-directed search, and does not account for en-
dogenous effective search, the main focus of the paper being the cyclical behavior of match quality
itself, and not the impact of worker-side heterogeneity on the coexistence of aggregate vacancies
and unemployment.

3"However, recall from analysis of the MA model that this is not necessary for propagation in the
V/U ratio to occur in response to changes in productivity.
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agent model of equilibrium unemployment theory in terms of explaining the empir-
ical behavior of aggregate vacancies and unemployment. Since then, much research
within the homogenous-agent framework has focused on addressing these limitations.
Among others, this includes Hall (2005), Fujita and Ramey (2007), Mortensen and
Nagypal (2007), and Hagedorn and Manovskii (2008).

Turning towards heterogeneity, Albrecht and Vroman (2002), Gautier (2002),
Chassamboulli (2009), and Dolado, Jansen, and Jimeno (2009) focus on explaining
differences in unemployment and wages between high- and low-skill workers when
high-skilled individuals can work in low-skill jobs, but not the other way around,
and effective search is exogenous. Bils, Chang, and Kim (2009) study worker-side
heterogeneity in a context in which “comparative advantage” refers to individuals
who have high market productivity relative to their home productivity. However,
labor markets are segmented: although the labor force is heterogeneous, conditional
on idiosyncratic characteristics individuals seek employment in only one production
sector. Bils, Chang, and Kim focus on understanding differences in unemployment
and work hours across labor force participants.

Krause and Lubik (2006) explore the role of endogenous OTJ search by developing
a single-worker, two-sector model in which one sector is “good” and the other is “bad.”
The value of output in the good sector is always higher than the value of output in the
bad sector. Since there is only one type of worker, there is no firm-side uncertainty
with regards to expected match quality. Moreover, the search behavior of unemployed
individuals is not endogenized. Although all workers are identical, in equilibrium a
fraction of unemployed individuals only search for jobs in the good sector, and the
remaining fraction only searches for jobs in the bad sector. Krause and Lubik show
that in an expansion, endogenous OTJ search along with a decrease in the fraction of
unemployed individuals searching for good jobs can induce amplification in the V/U
ratio in excess of the standard model, as well as propagation.

Pries (2007) reverses the argument in Krause and Lubik (2006) by modeling an
economy in which there is a unique production sector (hence, no OTJ search is pos-

sible), and two types of workers: “high” and “low.” High types always produce more
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than low types. Pries shows that because the employment surplus associated with low
types is smaller and thus more sensitive to productivity shocks, the greater the num-
ber of low types, the greater the amplification of shocks in the V/U ratio. Pries also
shows that when the job-destruction probability associated with low-type individuals
is (exogenously) countercyclical, in a recession expected employment surpluses are
reduced through an increase in the probability of a match being formed with a low
type. This enhances the amplification channel generated by the presence of low-type
workers. Pries does not address issues of propagation. In addition, in his model

individuals’ search behaviors are not endogenous.

2.6 Conclusions

This essay develops an understanding of the effects of worker-side heterogeneity and
optimal job-seeking behavior on aggregate labor-market fluctuations. I show that
these worker-side factors can aid in accounting for the amplification of productivity
shocks in the aggregate vacancy-unemployment (V/U) ratio. Moreover, slow-moving
changes in expected vacancy-posting gains that stem from the presence of worker-
side heterogeneity can help explain why, empirically, the V /U ratio exhibits a stage
of sluggish adjustment (propagation) in response to changes in productivity. Slug-
gish adjustment in the V/U ratio is a key feature of the data that the standard,
homogenous-agent model of equilibrium unemployment theory cannot account for.?®
Understanding the slow-moving behavior of the V/U ratio is important, since it cap-
tures the extent to which the labor market responds persistently, for example, in the
wake of a recession.

The model’s channel for slow-moving changes in the V/U ratio lies in changes in
the composition of sectoral searchers. In an expansion, as the pool of unemployed
workers declines, optimal job-seeking behavior (in particular, directed search) induces
the quality of the pool of sector-specific searchers to improve. Therefore, at the
sectoral level, the firm-side probability of skill-matched employment increases. Slow-

moving increases in this probability lead to slow-moving increases in the expected

38Gee, for example, Fujita and Ramey (2007).
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gains from posting vacancies. This keeps vacancy-posting incentives higher than
otherwise. Coupled with declining unemployment, this results in sluggish adjustment
in the V/U ratio.

Although slow-moving changes in the probability of skill-matched employment
generate propagation in the V/U ratio in response to changes in productivity, in the
present context they do not induce propagation in aggregate vacancies. As shown
in Fujita and Ramey (2007), propagation in vacancies indeed occurs empirically. If
vacancies did exhibit propagation in the model developed in the present essay, then
the model-generated propagation in the V/U ratio would be enhanced.

The model’s two worker types, two production sectors structure serves to intu-
itively uncover and analyze the latent V/U-ratio propagation channel implied by the
firm-side probability of skill-matched employment. However, a clear path for future
research involves exploring extensions of the model in order to understand how slow-
moving changes in the firm-side probability of skill-matched employment could in
fact induce propagation in vacancies. Intuitively, two reasons for which the effects
of changes in the firm-side probability of skill-matched employment could be mag-
nified are greater heterogeneity in the labor force, and job-training costs that are
decreasing in the quality of an employment match. The former is sensible, given
that heterogeneity is the key to the model’s propagation channel. The latter would
imply that slow-moving increases in the firm-side probability of skill-matched employ-
ment would induce declines in expected training costs; this could increase expected
vacancy-posting incentives enough so that vacancies would in fact exhibit propaga-

tion.
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2.7 Figures
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Figure 2.1: response of the V/U ratio to a 1% permanent increase in economy-wide pro-
ductivity p. Figure 2.2: response of aggregate unemployment to a 1% permanent increase
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2.8 Tables

Table 2.1: MA-OS model calibration (weekly frequency)

Parameter Value Reason

0.772 z=0b—C =0.71, Hall and Milgrom (2008)
0.371  Petrongolo and Pissarides (2001)

0.128 data: target v = 0.057
0.0526 Lise, Seitz, and Smith (2003)
0.0082 data: implied by u = 0.057

0.529 ¢/q¢'=14%, Silva and Toledo (2007)
0.438 © = 0.72, data: Pissarides (2009)

0.151 w = 0.84, McLaughlin and Bils (2001)
0.338 Beveridge curve slope

0.999  Quarterly interest rate 0.012

0.99 US OPW, quarterly autocorrelation 0.88
0.0034 US OPW, quarterly std=0.02

S R O N I I B U SRS

Table 2.2: Elasticities with respect to output per worker (OPW)

Model
Variable Description US Data MA-OS | Standard
) V/U ratio 7.261 5.201 3.462
u Agg. unemployment rate  -3.580 -2.611 -1.537

Notes: All elasticities are calculated using the data’s log deviations from trend by applying a
Hodrick-Prescott filter with smoothing parameter 10° (as in Shimer (2005)). The standard error on
the US aggregate vacancy-unemployment ratio © is 1.175, while that on the US unemployment rate
u is 0.581. Following the literature, I use the Conference Board’s Help-Wanted Advertising Index
for vacancies. Data on © and u spans 1951:Q1 through 2006:Q2 (220 quarters), and is subject
to availability of the Conference Board’s Index. Data on US unemployment is available from the
Bureau of Labor Statistics.

Table 2.3: Standard model calibration
b ! A n c € )
0.762 0.5 0.159 0.515 0.336 0.000 0.000

Notes: For the standard model, I assume that z = b — C(1) given that effective search is fixed
at unity. Moreover, for consistency with the MA-OS model the matching function becomes m =
v*ul=®. All applicable parameters not explicitly noted are as in Table 2.1, and all applicable

calibration targets are as described for the MA-OS model. The calibration is at weekly frequency.
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Table 2.4: Standard-OS and MA model calibrations

Parameter b Q@ A n c 0] €
Standard-OS 0.775 0.330 0.148 0.514 0.337 0.000 0.338
Multi-Agent  0.815 0.572 0.151 0.554 0.479 0.165 0.000

Notes: For the MA model I assume z = b — C(1,1) given that effective search is fixed at unity.
This means that OTJ searchers incur the search cost C(1). In the standard-OS model z = b —
[¢(+e)/e and consistent with the MA-OS model the matching function becomes m = v®(fu)' .
All applicable parameters not explicitly noted are as in Table 2.1, and all calibration targets are as
described for the MA-OS model except for my use of € in the standard-OS model. To gauge the
relative contribution of the elasticity of effective search to results stemming from the MA-OS model,
in the standard-OS model I keep this parameter as in Table 2.1. In spite of this, the calibration
target otherwise associated with ¢ remains almost unchanged relative to its value in the MA-OS
model. The calibration is at weekly frequency.

2.9 Proofs

As noted in Shimer (2005) and Mortensen and Nagypal (2007), the cyclical prop-
erties of models of the sort developed in this essay are well assessed by considering
differences between steady states. Therefore, proofs in this section are based on
steady-state to steady-state changes.

Proof of Proposition 1. Given symmetry, for i # j u; = u; = 0.5u, and
X; = X; = 0.5x. Then, using equation (2.3) and rearranging implies that 7T§ =
(2 + x/u)"", where i # j, and I have used the assumption that all effective search is
fixed at unity. Therefore, if x/u is procyclical, then 7r§ is countercyclical. For i # j

symmetry implies that f* = f/ = f. Then,

dlog (x/u) ¢ dlogf>
dlogp  f+ddlogp ’

f
C= 2.22
Xi = 57 (2.22)
since f is procyclical. [J
Proof of Proposition 2. Using symmetry (x; = 0.5x, u; = 0.5u, ¥, = 0.5)
implies that

¢ :dlogx_ 2 —2f2  dlogf
X_(S—l—f 6+ 2f dlogp — (6+ f)(6+2f) dlogp

(2.23)
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For reasonable parameter values and job-finding probability f, 6% < 2f2. 39 Given
that the probability of finding a job is procyclical, it follows that dlog x/dlogp < 0.
O

Proof of Proposition 3. In text.

Proof of Proposition 4."° Consistent with the functional forms assumed for
the MA-OS model, for the standard-OS model let C' = T¢1+9)/e and m = v*s'—,
where s = fu. In this case, ¢ = A#* ', where § = v/fu. Moreover, denote the
job-finding probability of unemployed individuals by F' = ¢f, where f = A6%. The

relevant first-order condition for optimal search implies that

F@M — Bnfs, (2.24)

where S is the employment surplus (recall that individuals choose effective search
taking market conditions as given). Moreover, the job-creation condition is now

given by
B(1—n)S =c/q. (2.25)

Substituting this into equation (2.24) implies, after total differentiation, that

dlogl 6dlog@

dlogp dlogp’ (2.26)

Since 6 is procyclical, the equation above implies that so is effective search ¢. Showing
formally that 6 is procyclical, to which I now proceed, offers additional insight. Using
the definition of surplus, S = W — U + J, and substituting in for the relevant value
functions implies that

p—=z

S=p—z4+p61-0-Fn)sS = SZl—B(l—é—Fn)'

(2.27)

39Gee the calibration section.
40This proof assumes specific functional forms for ease of exposition.
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Combining with equation (2.25) yields

p—z c
= . 2.28
I—31—s—Fn) Bl-nq (22%)
Therefore,
p z BndF
dl — | —— | dl = — dlogq. 2.29
<p-2) er (p-Z> BETI B sy %1 (2:29)
Using the fact that F' = ¢f and z = b — ['¢(1t4)/¢_this can be stated as
p pnF BnFS
—— | dl =(1- — logd. (2.
(p_z>dogp ( a+(5+a)1_6(1_5_F77) p_zs dlog6. (2.30)

Of course, 1 —a > 0 and p— z > 0, the latter by assumption: otherwise, it would not
be optimal for individuals to seek employment. Moreover, 1 > (1 —0 — F'p)). Then,
given equation (2.30), to show that dlogé/dlogp > 0 it is enough to show that the

second term in the coefficient on dlog 6 is greater than the third term. Note that

pnF pnE'S
1= B(—0—Fn)  p—=z"

p—z
1-=p(1—=46-Fn)

= (e+a)s >eS, (2.31)

(c+)

= (e+ ) >eS

which will always hold (in the second line above, I have made use of equation (2.27)).
Therefore, dlogf/dlogp > 0, dlog z/dlogp < 0, and dlog¢/dlogp > 0. O

Proof of Proposition 5.*! Consistent with the functional forms assumed for
the MA-OS model, for the standard model let m = v®u!~®. 1In this case, ¢ =
A1 where © = v/u. Moreover, denote the job-finding probability of unemployed
individuals by F', where F' = A©®. Using the definition of surplus, S =W — U + J,

and substituting in for the relevant value functions implies that

oy 5 _ p—=
S=p—z+p(1-6 FU)S:>S_1—B(1—(5—F7))' (2.32)

41 This proof assumes specific functional forms for ease of exposition.
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Combining with the job-creation condition S = ¢/ (1 — ) ¢ implies that

=T (235
Hence,
(p%z) dlogp = . B(fn_d?_ i) — dlogq, (2.34)
and xo
dl(;gkzp - (p ! z) (1-a+aX)™, (2.35)

Above, X = pnF/(1 — B(1 — 6 — Fn)), and EXO denotes that effective search is
exogenous (and fixed at unity: ¢ = 1). Moreover, for reasonable values for 3, n, 4,
and F, X € (0,1).

Note from the proof of Proposition 4 that equation (2.29) can be written as

(1-—a+aX)dlog® = (L) dlogp — (—) dlogz+ (1 —a) (1 — X)dlogt
p—z p—z

dlog ©FNPO :< p >(1_a+aX)1_ (2/(p—=)) dlogz
dlogp p—z (1—a+aX)dlogp
(1—a)(1—=X)dlogt
(1—a+aX) dlogp’

(2.36)

where EN DO denotes that effective search is endogenous. From earlier, X € (0,1);
therefore, 1 —a+aX > 0. Moreover, from the proof of Proposition 4 dlog z/dlogp <
0 and dlog//dlogp > 0. Of course, p > z. Hence, using equation (2.35), equation
(2.36) can be stated as

d lOg C_)ENDO

dlogp  dlogp (1-—a+aX)dlogp (1—a+aX) dlogp
dlog ©FNDO - dlog ©FXO
dlogp dlogp

_ dlog ©F*0 (z/(p—2)) dlogz (1 —a)(l—X)dlog/

(2.37)
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CHAPTER III

THE PARADOX OF HARD WORK

3.1 Introduction

Over the last centuries there has been a dramatic world-wide increase in real output,
consumption, and wages. Keynes predicted a large increase in leisure in his 1930
essay “Economic Possibilities for Our Grandchildren.” Indeed, income effects on labor
supply are substantial.! However, the leisure boom predicted by Keynes has not
taken place; instead, work hours have remained approximately constant. This is
highlighted in Figures 3.0.A through 3.0.D, which show the natural logarithm of
consumption per population and work hours per population over the period 1960-
2004 for the United States, Japan, the remainder of the G-7 countries, and a large set
of European countries, relative to their 1960 values.? With the exception of relatively
small declines in hours per population in European countries and relatively small
increases in the US, the extent to which hours per population have remained mostly
constant across countries, given ongoing and substantial increases in consumption
per population, is striking. The objective of this essay is to understand why people
are still working so hard, and what the implications of this paradozx of hard work are
for the economy as a whole.?

There are in principle four alternative, although not mutually exclusive, expla-

nations through which the paradox of hard work can be rationalized. The first is

1See, for example, Shapiro and Kimball (2008).

2Data is at yearly frequency, and taken from the Penn World Tables and the Total Economy
Database from The Groningen Growth and Development Centre. The “FEuropean Aggregate” con-
sists of Austria, Belgium, Canada, Finland, Greece, Ireland, the Netherlands, Norway, Portugal,
Spain, Sweden, and Switzerland.

3This essay is co-written with Miles S. Kimball, Professor of Economics at the University of
Michigan, Ann Arbor.
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assuming that the elasticity of intertemporal substitution is large. However, empir-
ical evidence suggests exactly the contrary. Hall (1988) finds this elasticity to be
approximately zero, Basu and Kimball (2002) find that plausible values are less than
0.7, and Kimball, Sahm, and Shapiro (2011) find a value of approximately 0.08. The
second is an increasing marginal-wage to consumption ratio. This can be the result
of, for instance, a reduction in the progressivity of the tax system, an intensification of
competition for promotions within firms, and increasing educational debts. The third
relates to anything that keeps the marginal utility of consumption high. This can
occur, for example, because of habit formation, both internal and external (keeping
up with the Joneses), as well as the development of new goods. The fourth expla-
nation relates to anything that serves to keep the marginal disutility of work low.
This can be, for instance, the result of technological progress in household production,
non-separability between consumption and leisure (King, Plosser, and Rebelo (1988),
Basu and Kimball (2002)), and jobs getting nicer. Of the set of possible explana-
tions, in this essay we focus particular attention on the impact of improvements in
on the job utility both within the context of separable and non-separable preferences.
Indeed, economists have long understood that cross-sectional differences in on-the-
job utility at a particular time give rise to compensating differentials. This essay
develops a theory that focuses on a less-studied topic: understanding the long-run
macroeconomic consequences of trends in on-the-job utility.?

Given our focus, a natural point of departure is the theory of compensating differ-
ences, which originates in the first ten chapters of Book I of “The Wealth of Nations”
(Smith (1776)). A standard modern reference on this topic is Rosen (1986). Fig-
ures 3.1 and 3.2, where W denotes the real wage, J on-the-job utility, and Y output,
show two well-known results from the theory compensating differences. In particular,
the solid line in Figure 3.1 is a wage/job-utility frontier showing that jobs that offer
lower on-the-job utility should be expected to be associated with higher real wages
as a means of compensating individuals for such lower on-the-job utility: individuals

face a trade-off between these two variables. As the solid line in Figure 3.2 shows, a

4See Coulibaly (2006) for complementary research.
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similar trade-off is faced by firms in terms of a job-utility /output frontier: offering
higher on-the-job utility is costly in terms of output. This is because, as noted in
Rosen (1986), firms can divert part of their productive resources towards making the
quality of their jobs better. Given workers’ individual preferences and firms’ idiosyn-
cratic costs of on-the-job utility in terms of output, each economic actor respectively
optimizes by choosing a feasible point on the (J, W) plane and the (Y, J) plane.

Of course, the secular increases in real wages and consumption referred to earlier
are the result of increases in output. In Figures 3.1 and 3.2, all else equal, increases in
output and the real wage are consistent with movements along the plotted curves as
indicated by the accompanying arrows, moving the economy from points a to b and ¢
to d. Such movements are associated with decreases in on-the-job utility. Therefore,
if on-the-job utility is positively related to the amount of hours individuals desire to
spend at work, trendless labor hours in the face of strong income effects consistent
with increases in output and wages require shifts in the wage/job-utility and job-
utility /output frontiers to the dashed lines shown in Figures 3.1 and 3.2. Therefore,
the economy’s choice set should be expanding and optimal choices should be moving
in the northeast direction as exemplified by points a’ and d'.

Our principal analysis focuses on the macroeconomic implications of factors that
shift the economy’s output/on-the-job-utility possibility frontier across time. In Sec-
tion 3.2 we develop a benchmark model that allows us to study the interaction of work
hours (which stands in for all aspects of the job that interfere with leisure and home
production), effort (which stands in for all aspects of a job whose cost is in terms
of proportionate changes in effective productive input from labor), amenities (which
we define to be job characteristics whose cost is in terms of goods), and drudgery
(which is a variable capturing everything else that matters for job utility). A novel
result with respect to the Frisch elasticity of labor supply emerges, which is that this
elasticity is decreasing in job utility. Therefore, the higher job utility is, the lower
the volatility of work hours attributable to labor supply given temporary changes in
the real wage.

Section 3.3 examines the determination of equilibrium, which is partly captured by
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way of two theoretical objects that are the result of explicitly accounting for on-the-
job utility: [labor-earnings supply and labor-earnings demand. Using our analytical
framework, we show that there exists complementarity between optimal firm-level
effort requirements and ordinary changes in technology, providing a means through
which the effect on productivity of short-run technological fluctuations can be am-
plified. Moreover, we show that ongoing declines in drudgery will, all else constant,
eventually induce unambiguous increases in work hours. This stands in contrast to
the long-run impact of ordinary technological progress, the effects of which can even-
tually result in income effects outweighing substitution effects. Overall, the analysis
suggests that drudgery should be thought of as an extended concept of technology.

Section 3.4 studies the implications of heterogeneity in production when consider-
ing differences in drudgery and technology in final goods producers, as well as across
industries, and also in a setting of monopolistic competition. We show that firm-
and industry-level job utility offerings play a critical role in determining the ability
of firms and industries to endure across time given changes in economic conditions.
In particular, increases in aggregate productivity and decreases in the marginal value
of real wealth will tend to endogenously drive out firms and industries characterized
by lower job utility offerings. This result is particularly interesting in light of the
substantial degree of outsourcing that developed economies have engaged in over the
last several decades. Moreover, we argue that there are strong firm-level incentives
for developing innovations that increase job utility. In particular, this owes to the
fact that firms offering higher job utility gain a competitive advantage by enduring
a lower real wage per unit of worker productivity.

In Section 3.5 we examine the role of amenities. We show that the temporal
evolution of amenities is inversely related to the temporal evolution of the marginal
value of real wealth. As economies become richer, firms find it endogenously optimal
to increase job utility via increases in amenities in order to (partially) mute the
reduction in work hours that higher wealth would otherwise tend to induce.

Then, in Section 3.6, we explicitly relate our theory to the empirical trend(less)

behavior of work hours. We show that within our framework, given large increases
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in wealth, the extent to which work hours can remain high, and for that matter,
higher than expected, is necessarily a reflection of ongoing increases in on-the-job
utility. Moreover, the model can in principle explain a positive asymptote for work
hours if people enjoy work as much as the marginal leisure activity. We also address
welfare effects given changes in job utility in the alternative contexts of separable
and non-separable preferences, and argue that the welfare effects associated with the
paradox of hard work can be substantial under either case.

Finally, Section 3.7 concludes. Our research contributes to the labor economics
literature by developing a theoretical framework through which an intertemporal
understanding of the primitives that determine the economy’s available trade-offs
between output, wages, and job utility can be attained. In addition, we contribute to
the macroeconomics literature by showing that the paradox of hard work is not nec-
essarily evidence of a low intertemporal elasticity of substitution or non-separability
of preferences in consumption and leisure. Secular improvements in on-the-job utility
are such that it is possible for work hours to remain approximately constant over time
even if the income effect of higher wages on labor supply exceeds the substitution
effect of higher wages. In turn, secular improvements in on-the-job utility can them-
selves be a substantial component of the welfare gains from technological progress.
These two implications are connected by an identity: improvements in on-the-job

utility that have a significant effect on labor supply tend to have large welfare effects.

3.2 The General Framework

The model is cast in continuous time. Throughout the essay we omit time indexes in
order to avoid notational clutter. Since our focus is on the labor market, we assume
the context of a small open economy in which agents can freely borrow and lend
at the exogenously determined real interest rate r (equal to p, the rate at which all

economic agents discount the future, in steady state).
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3.2.1 Households

For simplicity, we begin our analysis by focusing on effort and drudgery. The treat-
ment of amenities is deferred until further in the essay.” First, consider effort: several
dimensions impact this variable. For instance, the intensity of a worker’s concentra-
tion on a task while at his or her work station, the amount of time spent at the water
cooler or in other forms of on-the-job leisure, time spent cleaning and beautifying the
work place, time spent in office parties during work hours, morale building exercises,
amount of time spent pursuing worker interests that have some productivity to the
firm but would not be the boss’s first priority, etc. Let £ be a vector describing all
such dimensions of what the average hour of work is like, including the fraction of
time spent in each different activity at work. We assume £ is determined optimally
by firms, and for simplicity focus on perfect monitoring so that moral hazard prob-
lems are not an issue. Let D denote the drudgery level associated with work and
J = J (€, D) be the function that maps £ and D into hourly utility associated with
being at work.

The maximized value of J can in principle take on any sign. In particular, let
J(E,D) = mgx{j (€,D)} such that © (&) = E.

Above, O is a function mapping the vector £ into the number F, and E gives effective
productive input from an hour of labor before multiplication by labor-augmenting
technology. We henceforth refer to E as effort per worker and J (E, D) as the job
utility function. We assume that J % 0 is such that Jp < 0, and allow for the
possibility of job utility being increasing in effort at relatively small effort levels, and
decreasing in effort at relatively high levels of effort.® Of course, Jp < 0 implies
that in (F, J) space a decrease in drudgery causes an upward shift in the job utility

function. That is, lower drudgery results in higher job utility at any given effort level.

®Understanding the role of amenities is straightforward once the implications of drudgery are
clear.

6We consider this to be the more intuitive case, although our results are unaltered by assuming
that job utility is always decrasing in effort.
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As an example of how to interpret J, consider two production techniques: 1 and
2. Suppose that production technique 1, 7, results in relatively higher job-utility
levels at lower effort levels, and production technique 2, 75, results in relatively higher
job-utility levels at higher effort levels. Then, as shown in Figure 3.3, in (E, J) space
the job-utility function J is the upper envelope (bold) of these two techniques. We
return to this issue when we analyze cross-industry implications.

Let a representative household’s utility be a function of consumption of the final
good C, work hours H, effort £, and drudgery D. We assume that households are

infinitely lived, consist of a representative worker, and seek to maximize
/e“’tb{dt = /e_pt(U (C)+@(T—H)+H-J(FE,D))dt. (3.1)

Above, p is the rate at which all economic agents discount the future, ¢ denotes time,
T is an individuals’s total per-period time endowment, U represents consumption
utility and is such that U’ > 0 and U” < 0, and ® denotes utility from off-the-job
leisure, satisfying ® > 0 and ®” < 0. In this additively separable case of U, we
normalize J and ® so that ®' (7') = 0. Given this normalization, J > 0 means that
if the worker has no other job options, then the worker would be willing to spend
some time on the job even if unpaid. On the other hand, J < 0 means that the
worker would never do such job unless paid.” The functional form in equation (3.1)
is additively separable in consumption and leisure in line with the overall theme of
our research: a rationalization of the paradox of hard work that does not require
non-separability. Nonetheless, we contrast this framework with the non-separable
case when we address welfare issues.

Consider a worker employed in a job that demands effort E and is characterized by
drudgery D. The individual’s utility maximization problem is, taking the hourly real
wage rate per worker W paid by the firm as given, to choose a path for consumption,
assets M, and work-hours to maximize equation (3.1) subject to M = rM + II +

W H —C', where the price of consumption has been normalized to 1, II represents non-

"See Section 3.9.1 for further details on this normalization.
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labor, non-interest income, and for any variable X, X refers to its change over time.

The current-value Hamiltonian associated with the household’s problem is given by
H=UC)+(®(T—-H)+H-J(E,D)+AX(rM+1I+WH —-C), (3.2)

where A is the costate variable giving the marginal value of real wealth in the house-
hold’s dynamic control problem. The first-order condition for consumption implies
that U’ (C') = A. Substituting the underlying expression for optimized consumption

into the Hamiltonian we can state the Hamiltonian maximized over C as
H=[UU"\)=-ArM+II-C)|+[®(T—H)+H-(A\W + J(E,D))]. (3.3)

Maximizing H over both C and H is the same as maximizing H over H. Note that
only the second term on the right-hand-side of equation (3.3) depends on H. There-
fore, to study the household’s labor-supply decision we can focus on the optimization

subproblem

max ®(T—-H)+ H- B, (3.4)

where

B =AW +J(E, D) (3.5)

represents hourly (marginal) net job benefits® Note that B captures the utils per
hour that an individual derives from on-the-job activities.
The individuals’s optimization subproblem implies that for any H > 0 the first-

order necessary condition for optimal per worker labor hours satisfies
o (T — H)=B. (3.6)

Therefore, at the optimal level of hours per worker the marginal utility from off-the-
job leisure is set equal to hourly net job benefits. It follows that, as shown in Figure

3.4, ®' (T — H) is the labor-hours supply function. Moreover, the market clearing

8This solution method is similar to the one used in Shapiro and Kimball (2008).
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device for work hours is in fact marginal net job benefits B.
Proposition 1. The Frisch elasticity of labor supply is decreasing in job utility.
Proof. Consider once more the solution to the worker’s optimization subprob-
lem. Since work hours are a direct function of marginal net job benefits, we can
write dlog H = ndlog B. Given B = AW + J, holding everything constant except
wages dlog B = MW/ (AW + J). Rearranging, it follows that dlog B is equal to
dlogW/ (1 — (), where ¢ = —J/AW. Therefore,

dlog H =ndlog B = dlog H/dlogW =1/ (1— () (3.7)

is the Frisch elasticity of labor supply. [

Proposition 1 implies that the higher job utility is, the lower the volatility of
work hours attributable to labor supply given temporary changes in the real wage.
Moreover, note that B = AW + J implies that B = A\(W (1 — ()). Therefore, ¢ can

be interpreted as the fraction of the wage that is a compensating differential.

3.2.2 Firms

Consider a representative firm whose jobs are characterized by drudgery D. Firms
produce output Y by means of a function that takes as inputs capital K, workers
N, hours per worker H, effort per worker F, and is subject to an exogenous labor-
augmenting technology parameter Z. In particular, let a firm’s production function
be given by Y = K*(ZEHN)"™*, where o € (0, 1).

Let R denote the rental rate of capital.” It follows that for any output level
Y a firm’s cost minimization problem involves choosing capital K and total work
hours HN to minimize RK + W (HN) such that K (ZEHN)'"® =Y. Solving this

problem, it is straightforward to show that the firm’s cost function is given by
C(w,R,Y)=R"/((a® (1 — ) ")w'Y), (3.8)

where w = W/ (ZF) is the effective wage.

9We assume no adjustment costs, so that R = r + §, where § is the capital depreciation rate.
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Since R is exogenous to the firm, given equation (3.8) the remaining issue in solv-
ing the firm’s optimization subproblem is minimizing the effective wage. In solving
this optimization subproblem we assume that firms take the marginal value of real
wealth A as given, as they do the rental rate of capital R and equilibrium hourly net
job benefits B. Of course, A and B may differ for different types of workers. For now,
we assume the existence of a representative household, but return to this issue later

in the essay. It follows that the firm’s optimization subproblem amounts to
i = ZE
min w = W/(ZE)

such that
MW+ J(E,D)=B. (3.9)

Combining these implies that W/ZE = (B — J(E, D))/ (AZE), which after rear-
ranging yields
J =B — MwE. (3.10)

In (E,J) space equation (3.10) is representative of a firm’s isocost lines in (E, J)
space: it traces out all the effort and job utility combinations that are consistent with
any given effective wage. As the firm’s optimization subproblem involves minimizing
the effective wage, in (F, J) space the solution to its subproblem involves being on
the isocost line that has the algebraically greatest feasible slope. Such feasibility is
determined by the firm’s job utility function, since this function represents all the
job utility and effort combinations that a firm is able to offer.

The left panel of Figure 3.5 shows the solution to the firm’s optimization sub-
problem. Given equilibrium marginal net job benefits B, lower effective wages are
consistent with counter clockwise rotations in the firm’s isocost lines. As seen in the
left panel of Figure 3.5 w” > w > w’ and w is the firm’s optimal effective wage: it
can do better than w”, and although w’ is preferred to w, the former is not feasible
conditional on the firm’s job utility function. In turn, the right panel of Figure 3.5

shows the determination of the number of hours per worker given marginal net job
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benefits B and hours supply H®. The relevance of job utility for the firm’s optimiza-
tion subproblem now becomes clear: job utility is the firm’s effective constraint in its
optimization subproblem. Clearly, the solution to the firm’s optimization subproblem
occurs at a point of tangency between the firm’s job utility function and one of its

isocost lines.!® Optimality is defined by

Since A\, E > 0, for positive wages it is an endogenous result from equation (3.11)
that at the optimal choice of effort Jg < 0.1

The possibility of real wages of different signs implies that the theory developed
so far is consistent with the theory of compensating differences. The left panel of Fig-
ure 3.5 is similar in spirit to the discussion in Rosen (1986) that points to a trade-off
between “job attributes” and productivity. In particular, Rosen explains that firms
may shift resources from production to improving job attributes, in which case there
is a loss in output, but at the same time for any given level of output the associated
real wage is lower. This is because higher job attributes constitute the means for
compensating differences. In that sense, Rosen’s discussion can be read as one in
which firms have a choice between investing in capital that can be used in produc-
ing output, or capital that is used as an input in the production of job attributes
(and useless in the production of output). In terms of the left panel of Figure 3.5,
the previous is consistent a north-west movement along the job utility function, and
relates back to our discussion in the introductory section regarding Figures 3.1 and
3.2. Part of our research therefore amounts to an extension of the theory of compen-
sating differentials by focusing on the primitives that determine the position of the

job utility function itself, one of which is drudgery. Moreover, in our discussion of

10Note that the tangency optimization method we use is robust to situations as shown in Figure
1. More generally, we have not needed to assume concavity of the firm’s job utility function in order
to solve its optimization subproblem.

The solution methodology employed in solving a firm’s optimization subproblem is the same
regardless of the sign of the wage. For ease of exposition we henceforth restrict attention to cases
under which the real wages associated with any given job are positive. Of course, the canonical
example of a real wage equal to zero is volunteer work. Moreover, note that Dude Ranches are an
interesting example of negative real wages.
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amenities we show that aspects of job utility other than effort that are in the firm’s
control and lead to shifts in the job utility function as opposed to movements along.
Ultimately, our framework allows us to make inferences regarding the evolution of job
utility across time, and also predictions of its evolution conditional on changes in the
economy’s labor-augmenting technology and marginal value of real wealth. This re-
sults in a novel time-series understanding of the impact of changes in job utility that
is complementary to the long-standing static framework of compensating-differences

analysis.

3.3 Equilibrium

Continue to assume a representative-agent framework with regards to both firms and
workers. Although firms set the real wage they pay their employees, we assume that
firms are price-takers in the product market. Moreover, let all firms be a producers
of the final consumption good itself. In this context profit maximization for any
firm entails a marginal cost of production equal to the price of output, which is
normalized to one. Using equation (3.8) implies that under perfect competition firms

with positive output must have
1= (R*/(a™(1— a)l_a)) whe, (3.12)

Rearranging,

W/(ZE) = (a® (1 — o) /R*)"/"" (3.13)

Thus, under perfect competition the effective wage is an exogenously determined
constant from the firm’s point of view.!?

The economy’s general equilibrium can be determined by way of two graphical
tools. The first of these is shown in Figure 3.6 and extends the intuition devel-
oped via Figure 3.5. In this case, the slope of an isocost line —AZw is exogenously
determined. Nonetheless, equilibrium requires that cost minimization be satisfied.

Therefore, optimality continues to be summarized by a point of tangency between

2Recall that we refer to W as the real wage and to w as the effective wage.
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the job utility function and an isocost line. The left panel of Figure 3.6 shows optimal
effort requirements £ and job utility J, which implicitly define the optimal real wage
W = wZFE and hourly net job benefits B. The right panel of Figure 3.6 shows the
determination of work hours H. As shown earlier, hours supply per worker H* is
given by &' (T'— H) = B.

What remains to be determined is the economy’s marginal value of real wealth
A. Given this, equilibrium consumption - and therefore production - are implicitly
pinned down. In general equilibrium, our open-economy framework has r = p. The
household’s budget constraint establishes a direct relationship between consumption
C and labor earnings W H, which defines an implicit relationship between labor
earnings and A. In equilibrium C' = rM + Il + WH. Given the household’s first-

order condition for consumption, this implies that
A=U'(rM+1I1+WH). (3.14)

Since U’ (+) is decreasing in C, equation (3.14) yields a negative relationship between
A and labor earnings W H, which we call the demand for labor-earnings (LED )
function.

Now, consider the determinants of the configuration shown in Figure 3.6, which
was shown for a given A\. Suppose that the marginal value of real wealth increases
from A to ). Then, as the left panel of Figure 3.7 shows, since w is fixed and Z
does not change, the firm’s isocost lines become steeper. The tangency condition
summarizing optimality is such that B and FE increase, while J decreases. The right
panel of Figure 3.7 shows that the increase in B induces an increase in H. In addition,
given that w cannot change but E increases, W must increase so that w remains fixed.
This implies a positive relationship between A and labor earnings W H, which we call

the supply of labor-earnings (LES) function:
WH =ZwE (\Z,D)-H (B(\Z,D)). (3.15)

Note that it is in fact the case that both £ and B are increasing in the product \Z.
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As shown in Figure 3.8, demand and supply for labor earnings, equations (3.14) and

(3.15), jointly determine the economy’s level of A and W H.

3.3.1 Analysis: Changes in Technology and Drudgery

Consider a change from Z to Z’ > Z. Figure 3.9 shows the adjustments that occur
holding the marginal value of real wealth constant. As shown in the figure’s left panel,
for given \ and w firms’ isocost lines become steeper. This implies optimally higher
hourly net job benefits, lower job utility, and higher effort requirements. Additionally,
the real wage increases. This is because W = wZF, w is fixed, and ZFE increases.
In turn, as shown in the right panel of Figure 3.9, given no change in hours supply
higher hourly net job benefits result in an increase in hours per worker. Because an
increase in Z induces an increase in F, the A held constant response in effective labor
productivity ZFE is greater than proportional to the increase in Z. Therefore, the
model suggests a channel through which shocks to labor-augmenting technology can
be amplified in terms of their effect on productivity for short-run fluctuations in 7.

To understand the full implications of changes in Z given the resulting adjustment
in A, consider once more Figure 3.8. Since for given A both W and H increase due to a
change in the exogenous parameter 7, labor-earnings supply shifts out. The outward
shift in LE® implies a decrease in equilibrium A\ and an increase in equilibrium W H.
Returning to Figure 3.9, note that a decrease in A\ means that after all adjustments
in A take place firms’ isocost lines will be less steep than before adjustment in . Less
steep isocost lines mean lower B, H, and F, the last of these translating into lower
W and higher J. The extent to which isocost lines become less steep than for A held
fixed ultimately depends on the magnitude of the change in A\. Thus, the final level
of B, H, J, W, and J relative to their values prior to the change in Z is ambiguous.
What is unambiguous is a resulting decrease in A and an increase in labor earnings
WH. It could well be the case that in the new equilibrium W is higher than before
the change in 7, but H is lower. This would be a situation in which the income effect
dominates the substitution effect.

Now, suppose instead that drudgery changes from D to D’ < D. Three possibili-
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ties emerge conditional on Jgp =0, Jgp > 0, or Jgp < 0. The first of these means
that changes in drudgery do not affect how taxing extra effort is, the second that
less drudgery makes extra effort more taxing, and the last that lower drudgery makes
increases in effort less taxing. We focus on Jgp < 0, as it is the most intuitively
appealing possibility.

Suppose Jgp < 0. When drudgery decreases from D to D’ the job-utility function
shifts up and for given A becomes less steep at every effort level. As shown in the left
panel of Figure 3.10, for given A the result of this change is an increase in effort and
an increase in hourly net job benefits. In turn, under these circumstances an increase
in effort along with no change in technology or the equilibrium effective wage means
that W increases. As the right panel of Figure 3.10 shows, the increase in hourly net
job benefits induces an increase in hours per worker. Moreover, there is ambiguity
in terms of job utility. As shown in Figure 3.10 the change in drudgery results in an
increase in job utility. However, this need not always be the case. This is because
for a sufficiently small upward shift in the job-utility function, it could be that the
level of job utility remains constant or actually decreases. In particular, note that if
job utility decreases, then for given A the qualitative effects of a decrease in drudgery
and an increase in labor-augmenting technology are identical. Moreover, regardless
of the change in job utility, a decrease in drudgery when Jgp < 0 induces an increase
in optimal effort requirements which results in an increase in hourly effective labor
productivity.

Since the decrease in D under consideration induces an increase in both H and W
it follows that the product W H increases for any given A. In terms of labor-earnings
supply and demand, this means that the labor-earnings supply function shifts out,
delivering a new long-run equilibrium value of A that is lower and W H that is higher
than before the decline in drudgery. Returning to Figure 3.10, lower A makes isocost
lines less steep. Therefore, the final tangency condition capturing optimality will
imply lower B, H, E, and W, and higher J than before the adjustment of A\. This
makes the final levels of these variables relative to their original ones in principle

ambiguous. However, ambiguity only exists if the peak of the J curve after the
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decrease in drudgery is less than or equal to the original level of B. If after the
change in D the new peak of the J curve lies above the original level of B, then
any new tangency condition consistent with positive wages will necessarily deliver
a new equilibrium value of B, and therefore H, that lies above the original one.
This highlights that given positive wages, ongoing decreases in drudgery, regardless
of the sign of Jgp, will eventually lead to increases in work hours. This is the result
of decreases in D inducing upward shifts in the J curve, and stands in contrast to
changes in labor-augmenting technology in which the ultimate change in work hours

is always, in principle, ambiguous.?

3.3.2 Heterogeneity in the Labor Force

At this point, a natural question of interest is what the effects of worker heterogeneity
are. In particular, given the relevance of marginal net job benefits in determining work
hours and the importance of labor-augmenting technology in the firm’s optimization
subproblem, it is of particular interest to understand the impact of a labor force
that is heterogeneous in wealth and productive capacity. To address this, let there
be a continuum of agents inhabiting the economy and indexed by m. A type m
individual’s optimization problem is as earlier in the essay, but we allow for differences
in individual marginal values of real wealth \,, and idiosyncratic productivity 6,,.
Appropriately re-indexed the solution to an individual’s utility maximization problem
and optimization subproblem remain as before.

We consider the case in which workers are perfect substitutes in production. The

natural extension of a firm’s production function becomes

11—«
Y = K¢ (Z/é’mEmHmdem) .

The firm’s cost minimization problem and solution involves appropriately re-indexing

13Given the analytical methodology developed above, it is straightforward to show that when
Jep = 0 a decrease in drudgery leads to a decrease in the marginal value of real wealth, effort,
and the real wage, along with an increase in equilibrium work hours that ultimately induces an
increase in the product W H. Moreover, in the less intuitive case Jgp > 0 the effects of a decrease
in drudgery on all of the model’s endogenous variables is entirely ambiguous.
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the ones obtained earlier. Then, for a given worker of type-m the firm’s optimiza-
tion subproblem is such that it chooses the real wage it pays this worker W, and
the corresponding effort requirement £, to minimize w = W,,/(0,,Z E,,) such that
AiWo + J (Epn, D) = By,. The firm takes as given the marginal value of real wealth
of type-m workers \,,, as well as their equilibrium marginal net job benefits B,,.

As shown in Figure 3.11 the intuition and solution methodology developed under
a representative worker carries over to the present context of worker heterogeneity.
Interestingly, notice that from the firm’s point of view what is relevant about worker
types is the product \,,0,,. Let this product denote a worker’s hungriness. Then,
we can class individuals into supra types M, which are any arbitrary worker types
for which the product A0 is equal to some value I');.Given perfect competition in the
product market it is straightforward to show that the equilibrium effective wage is
once more determined exogenously by equation (3.13). Under these circumstances
the firm is always indifferent in terms of employing any given worker type. However,
across individuals there are differences in the associated isocost-line slopes, which are
given by —I'y;Zw. Hence, the isocost lines associated with individuals characterized
by higher values of I are steeper relative to those with lower values of I'.

Consider the left panel of Figure 3.12. As shown there, for workers of type-M and
-N such that I'); > I'y, individuals characterized by less hungriness are predicted to
exert lower effort, enjoy higher job utility, and receive lower hourly net job benefits
than their counterparts with greater hungriness. Moreover, as shown in the right-
hand panel of Figure 3.12, workers with greater hungriness are predicted to work
more hours than those with lower ones. Note, however, that relative real wages are in
principle ambiguous and depend on the idiosyncratic productivity of the individuals
under consideration. Overall, it follows that relatively wealthy workers (lower \)
who are highly productive (high ) can actually have relatively high hungriness and
therefore be found to work relatively high hours at high effort levels.

Finally, note that given constant returns to scale in production and mobile capital,
different worker types can be thought of as being on their own individual islands.

Therefore the comparative steady state analysis for a small open economy with one
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type of worker is exactly identical to the analysis of an economy with the differences
in workers considered above. Thus, for ease of exposition, in what follows we revert

to a representative worker framework.

3.4 Heterogeneity in Production
3.4.1 Differences in Final-Good Producers

Let there be a continuum of firms indexed by ¢ and suppose that each firm is a
producer of the final consumption good. In principle, we allow firms to differ in their
labor-augmenting technology, drudgery levels, and job utility functions. Regardless
of the object over which firms are different it is still the case that marginal net job
benefits are the market clearing device for labor hours. In addition, the solution to
firms’ cost minimization problem remains as earlier. With generality in mind, let a
firm’s labor-augmenting technology now be equal to the product of an economy-wide
productivity parameter P and a firm-specific one Z;. All results from our earlier
development carry over except that the slope of firm i’s isocost lines are given by
—APZ,w.

To make our points concise, consider two firms: 1 and 2. First, assume that these
firms have the same functional form for J, but firm 1’s jobs are characterized by
lower drudgery than firm 2’s, that is, D; < D,. As before, there is an economy-wide
A and exogenously set w. Suppose that Z; = Z,. Then, as shown in Figure 3.13, firm
1’s tangency condition suggests higher marginal net job benefits than firm 2’s. Under
these circumstances, firm 1 implicitly sets the economy’s level of marginal net job
benefits. Since workers take the jobs with the highest B, firm 2 would be unable to
operate. Note that given D; < D this result can even emerge when 75 > Z,, which
highlights the fundamental importance of job utility for the (ongoing) existence of
firms relative to the traditional concept of technology.

Consider instead a case with differences in technology countervailing differences
in drudgery. Figure 3.14 shows that if firm 2 was endowed with technology 7}, > Z

then both firms would offer the same marginal net job benefits and the individuals
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would be indifferent between working at either firm. Moreover, if firm 2’s technology
were given by ZJ > Z}, then it would actually be able to offer higher marginal net
job benefits than firm 1. In this case individuals would strictly prefer being employed
at firm 2, and firm 1 would not be able to operate. Therefore, an illuminating way
to view technology and drudgery jointly is to see drudgery as a component of an
expanded concept of technology.

Now, focus on the impact of different marginal values of real wealth A\ or economy-
wide productivity P as captured by the product AP that enters the slope of firms’
isocost lines. In the cases considered above, the results were robust to different values
of A\P. However, a different situation emerges when firms also differ in the actual
functional form of their J curves. Consider, for example, Figure 3.15, where firms
differ in their J curves, potentially in ways that cannot be described by differences
in their drudgery levels. Without loss of generality, assume 7, = Z, = Z. Given
AP, as pictured in Figure 3.15, firm 1 is able to offer the highest marginal net job
benefits and therefore firm 2 would not be able to attract any employees. As Figure
3.16 shows, the previous need not always be the case. Indeed, given ()\P)/ > AP then
both firms are able to offer the same marginal net job benefits in which case workers
are indifferent between them. Moreover, for (AP)” > (AP)’ the initial situation is
now reversed meaning that firm 1 is unable to attract employees.

We defer the treatment of applicable versions of labor-earnings supply and demand
until further below, where we consider the implications of industry-level differences.
At this point, however, note that because in equilibrium B is the same across all
employment opportunities, then in equilibrium individuals are willing to supply work
hours to all firms. However, individuals need not be willing to spend the same amount
of time working at each type of job.

Proposition 2. Consider firms 1 and 2. Suppose that firm i offers the job-
utility/real wage bundle (J;, W;) and Jy > Jy. Let & be the fraction of total work
hours an individual devotes to working in firm 1. Then, A\ = — (Jy — Ja) / (W1 — Wa),

B 1 U\ —rM-11
gC_Wl—WQ( T — -1 (B) _W2>'

and
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Proof. J; > J; implies that W; > Wj. In equilibrium both firms offer the same
B. Hence, B = AW; + J; and B = A\W5 + J5. Combining yields

A=— (L —Jo) /(W —Ws,).
Using the household’s budget constraint
C:H(€W1+(1—€)W2)+TM+H.

Since the household’s choice of total work-hours supply satisfies ' (T'— H) = B,
then H =T — &' (B). Combining implies that

C=(T—-3"(B) W1+ (1—& W) +rM+1L

Given the household’s condition for optimal consumption, U'~! (\) = C'. Combining
these two final equations and rearranging yields £. [

Note that J; > J; can be interpreted as job 2 being a “dream job” and job
1 being a “day job.” Therefore, Proposition 2 is quite intuitive: the more time an
individual has to spend on overall work activities, or the more exogenous wealth he
or she is endowed with, the more time said individual will devote to the dream job.
Interestingly, note that the fraction of time devoted to the day job £ is also decreasing
in the difference W; — Ws. To the extent that this difference implicitly captures how
much lower job utility the day job offers relative to the dream job, this highlights
that higher real wages offered as compensation for relatively lower job utility are not
a sufficient factor to induce individuals to devote more hours to such job, all else

equal.

3.4.2 Industry-Level Differences

Suppose now that there is a continuum of industries indexed by i. Each industry
produces a different type of good, but firms within industries are perfectly compet-

itive. For ease of exposition, let there be a representative firm per industry. In
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analogous fashion to earlier analysis, let P be an economy-wide productivity pa-
rameter and Z; the labor-augmenting technology characterizing industry 7. Let p;
be the relative price of the good produced by industry i. Worker-side optimiza-
tion is just as before, and appropriately re-indexed the same is true of a firm’s
cost minimization problem. Moreover, the industry-level optimization subproblem
is now to choose W; and E; to minimize the industry-level effective wage w;, which
is equal to W;/PZ;E;. The relevant constraint is AW; + J; (E;, D;) = B;, where
B; are equilibrium marginal net job benefits in industry ¢. As before this im-
plies that W;/PZ,E; = (B; — J; (E;, D;)) /(APZ;E;), which after rearranging yields
J; = B; — APZw;E;. In (E;, J;) space the solution to an industry’s optimization sub-
problem again involves being on the isocost line that has the algebraically greatest
feasible slope. However, in this case profit maximization implies that for industries

with positive output
= (R*/(a”* (1 - oz)l_a)) Wi

Rearranging,
(1 B Oé) aa/(lfa)/Ra/(l a) =W, - pz /(- a)/ (PZzEz) — o,

where we have used the definition of w;. Therefore, in this case, from an industry’s
point of view w is an exogenously determined constant.
To fully appreciate the solution to a firm’s optimization subproblem, note that

an isocost line can be stated as
Ji = B — \@ (PZ Epl/ - “>) ,

and furthermore

Ji (B, D;) = ( /PZPI/(I ) Di)7

where x; = PZ;p / (1= a)El-. Figure 3.17 shows the solution to a industry-level rep-
resentative firm’s optimization subproblem in (x;/(PZ pl/ (1= a)), J;) space. Since the

slope of isocost lines, —Aw, is the same across industries, then industry-level optimal
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operations and marginal net job benefits are determined by the point of tangency
between a representative firm’s isocost line and job utility function. Given Figure
3.17, note that in any industry the vertical distance between B; and J; is equal to

—AW,;. Moreover, the horizontal distance between PZiEz»pAl/ (1-a

; ) and the origin is

equal to W;/w.

Now, consider two industries, ¢ = 1,2 with job utility functions given by J; = J;
and Jy = J5 as depicted in Figure 3.2. As explained earlier, what is now relevant is
the upper envelope of these job utility functions. To see this, consider Figure 3.18.
Note that for a low marginal value of real wealth such as )\ industry 1 is able to
offer the highest marginal net job benefits in which case industry 2 does not operate.
For a higher marginal value of real wealth such as \” > X\ both industry 1 and 2
are able to offer the same marginal net job benefits in which case the worker chooses
hours allocation across industries according to Proposition 2. Finally for even higher
marginal values of real wealth such as A"’ > X" industry 2 is able to offer the highest
marginal net job benefits, in which case industry 1 is unable to operate.

We now turn to the determination of labor-earnings supply and demand. LE® is

a simple extension of that derived earlier. In particular, this function now satisfies
A=U'(rM+1+ H (EW, + (1 =& W),

where ¢ is the fraction of total work hours devoted to industry 1. The appropriate
version of LE? is slightly different than that considered earlier. Note that given
Figure 3.18, for low values of A only industry 1 operates, and the associated real
wages, marginal net job benefits, and work hours are relatively low. Therefore, in
terms of labor-earnings supply, low values of \ are associated with low labor earnings.
Continuing with the analysis of Figure 3.18, at \” both industries are operational,
and wages, marginal net job benefits, and hours are higher than under ), meaning
that so are labor earnings. Note, however, that for given hours, at \” any level of
labor earnings in the range (W' H” , W} H"| is an equilibrium, implying a perfectly

elastic portion in labor-earnings supply. Finally, for high values of A\ only industry
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2 is operational with associated higher wages, marginal net job benefits, and hours,
meaning that in terms of labor-earnings supply high values of A\ are associated with
high values of labor earnings. Figure 3.19 shows these considerations by depicting an
equilibrium in which both industries are operational.

In this multiple industry context two comparative statics are particularly interest-
ing: changes in relative prices, and changes in exogenous wealth. We consider these
cases in relation to labor-earnings demand and supply in a dual industry framework.

Suppose that p; increases and p, decreases, meaning that the relative price of good
1 increases. This results in a horizontal expansion of industry 1’s job utility function
and a horizontal contraction in industry 2’s job utility function. It immediately
follows that, as shown in Figure 3.20, the lower portion of LE?® shifts out, the upward
portion of LE® shifts back, and therefore its perfectly elastic portion - that is, the
range over which the worker is indifferent between industries - shrinks.

Now, suppose that non-interest, non-labor income II increases. Then, LE® is
not affected. However, as shown in Figure 3.21, LEP shifts back. As hinted in
Proposition 2, it is interesting to note that every single bit of the increase in II is
devoted towards shifting hours of work to the industry with a lower wage and higher

job utility.

3.4.3 Firm-Level Incentives for Drudgery Declines

The development so far highlights the importance on several dimensions of changes
in drudgery. Thus, a natural question is whether there are incentives for innovations
that lead to decreases in drudgery. To explore this issue, continue to assume the
existence of a representative household. However, suppose that there is a continuum
of firms indexed by ¢ with production function ¥; = K¢ (PZiEiHiNi)l_a. As earlier
in the essay, P is an economy-wide productivity parameter. Let the firms under con-
sideration be monopolistic competitors producing intermediate inputs that are used
in the production of a final good Y. In particular, assume Y = (f Y;(Efl)k) e di,
where € > 1 and there are no other factors used in the production of final output. It

is straightforward to show that the optimal demand for input 7 satisfies Y; = Y/p5,
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where p; is the input’s price.
Given monopolistic competition and the effective cost function in equation (3.8),
profit maximization at the intermediate inputs stage solves, for any firm 1,

max p; (Y;) - Y; — (R*/ (a® (1 — a)' ™)) wiy,.

3

Using Y; = Y/pf this problem’s first-order condition implies that for each firm

pi=(e/ (e = 1) (R*/ (a® (1 — )" ™)) wl . (3.16)

Therefore, once the firm’s effective wage is established, so is the price of its output and
hence its level of production. Clearly, firms with the lowest effective wage will have
the lowest price for their output, and hence a higher demand for their production.

As before, assume firms take as given the equilibrium level of hourly net job
benefits B and the economy’s marginal value of real wealth A. A firm’s optimiza-
tion subproblem is to choose W; and F; to minimize w; = W,/ (PZ;E;) such that
AW, + J; (E;, D;) = B. Firm-level optimality is captured by J;g = —APZ;w;. Given
equation (3.16), under imperfect competition effective wages can indeed vary across
firms. Since there is an economy-wide B, it follows that workers will decide how to
allocate their time across firms with a decision rule analogous to that shown earlier.

Under imperfect competition changes in labor-augmenting technology and drudgery
that affect one firm need not affect all or any other firms. This may be the result
of these variables being protected by individual firms, for example, quite simply by
secrecy or through patent laws. In what follows, we thus focus on firm-specific com-
parative statics.

Figure 3.22 shows the solution to a firm’s problem both before and after idiosyn-
cratic labor-augmenting technology decreases temporarily from Z; to Z!. When Z;
decreases, given no change in equilibrium hourly net job benefits, the firm’s isocost
lines rotate clockwise. To restore optimality, the firm lowers the effective wage until
it is on an isocost line that is once more tangent to its job utility function. This

amounts to a counter-clockwise rotation until the isocost line with slope —AZw; is
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reached. Since drudgery has not changed —AZ/w!, = —AZ,w; and therefore the same
level of job utility, effort, and hours per worker ensue as before the change in Z;. In
addition, w; < w; holds by way of a decrease in the real wage. The overall result is
that the firm expands: the decrease that occurs in the effective wage induces a de-
crease in the firm’s marginal cost and therefore a decrease in the price of its output.
In fact, as Proposition 3 shows, firms with lower drudgery (or higher job utility per
unit of effort) have a competitive advantage. To the extent that decreases in drudgery
further this competitive advantage, it is even plausible that firms might set above-
optimal effort requirements in order to induce workers themselves to think of ways
to decrease drudgery. This amounts to a costless form of research and development.

Proposition 3. For any sign of J;gp, under imperfect competition the marginal
value of real wealth held fized effect of a decrease in drudgery is to decrease the effective
wage.

Proof. The firm’s choice set expands. []

As shown in Section 3.9.2, conditional on the sign of J;gp several different results
can emerge given a change in drudgery. We limit to noting the interesting case shown
in Figure 3.23, which depicts the A held constant effects of a decrease in drudgery
when Jipp < 0 and J;pdE;/dD; > —J;p. The latter condition amounts by total
differentiation of the job utility function to dJ;/dD; > 0 and, as Section 3.9.2 shows
in detail, to dW;/dD; < 0. Note that the case under consideration is such that
decreases in drudgery make marginal effort less taxing on job utility. Under these
circumstances a decrease in drudgery results in an increase in effort requirements, a
decrease in job utility and the effective wage, and an increase in the real wage.

This result is interesting if one were to consider two firms, say 1 and 2, for which
D1 > D,. As seen above, firm 2 would optimally demand more effort than firm 1.
This ultimately results in firm 2 offering a higher real wage than firm 1 but also
lower job utility. In spite of this, firm 2’s jobs offer higher job utility at any given
effort level. Moreover, this situation yields a circumstance under which real wages
and drudgery move in opposite directions. This highlights an issue related to workers

comparing jobs in terms of pleasantness. If individuals think of more pleasantness as

74



lower drudgery, then as shown above they may report that a more pleasant jobs also
offer higher wages. This is also true if workers think of pleasantness as job utility per

effort.

3.5 The Role of Amenities

For ease of exposition we revert to the context of a representative final-good producer
and household, where the firm is perfectly competitive in the product market. Recall
that we have defined amenities to be job characteristics whose costs are in terms of
goods. Thus, let p4 denote the price of amenities relative to the final consumption
good. In addition, A denotes the level of amenities per hour of work that the firm
offers to each employee. Let J (E, D, A) denote the job-utility function extended to
account for amenities and assume J4 > 0, J44 < 0, and the same properties over
E and D as J(E, D). Following steps entirely analogous to those in Section 2, the
solution to the worker’s labor-hours supply optimization subproblem is just as before.

In turn, the firm’s cost minimization problem is given by
min RK +WHN
K, HN

such that K* (ZEHN)'™* =Y, where W = W +p4 A is the inclusive wage. Following

similar steps as earlier in the essay, the relevant cost function becomes

C(w,RY) = (R*/(a™(1— a)l_o‘)) WY,
which is similar to the one derived in Section 2 except that now w = W/ (ZE) is
the effective wage. The firm’s new optimization subproblem is to choose a real wage
W, effort per worker E, and amenities per worker A to minimize w = W/ (ZE)
subject to AW+J (E, A, D) = B. Let ¢ be the multiplier associated with the firm’s

optimization subproblem. Then, the first-order conditions are

W :1/ZE —yA=0, A:ps/ZE —Js=0,and E : — (W + psA) JZE? —pJp = 0.
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Combine the first and last first-order conditions derived earlier to yield EJg =
—A (W + paA). Dividing this by F, and multiplying and dividing the right side by
Z yields, in (E, J) space, the exact same optimality condition as earlier in the essay:
Jg = —AZw. In addition, as shown earlier, combining the first and second of the
first-order conditions implies that psA = Jy. Together, these last two equations
implicitly define the firm’s optimal choice of effort, amenities, and real wage given
the exogenous parameters \, Z, p4, and D. Alternatively, the optimality conditions
Jg = —AZw and ps A = J4 can be combined to eliminate A\, which after rearranging
implies that —e ;5 = €4 (1 + W/paA). That is, at the firm’s optimal choices are such
that the absolute value of the elasticity of job utility with respect to effort € ;5 equals
that with respect to amenities €;4 weighted by 1 plus the ratio of the hourly per
worker real wage to the hourly cost of amenities per worker. Since for any variables

z and y €,y = dlogz/dlogy, then noted optimality condition can be restated as

—eag =1+ W/pAA.

Therefore, when amenities are a choice variable the firm’s optimal operations occur
where a 1% increase in effort per worker induces a (1 + W/paA) % increase in ameni-
ties per worker. It is straightforward to show that the optimal level of amenities is
the same if instead households are assumed to choose A.

The abstract functional form J (E, D, A) is not as amenable for graphical analysis
as was the case without amenities. Consider, however, a special case that proves
illuminating. Suppose that J (E, D, A) = G (E, D)+ F (A). The first-order condition
for amenities and the real wage together imply that pa\ = J4, which in this case

amounts to paA = F’ (A). Moreover, note that

MV =AW —paA) = N(wZE — psA).

Therefore,

MoZE +G(E, D)+ F(A) — A\paA = B,
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and hence the firm’s optimal choice of amenities is alternatively the result of an

optimization problem in which A is chosen to maximize F' (A) — ApsA. Let
S (Apa) = max{F(A) = \pa} = F (F"" (Apa)) = ApaF™" (Apa)

be the surplus the individual receives from the optimal choice of amenities, and note
that S,,, Sy < 0. In (E,G + 5) space the firm’s isocost lines now satisfy G + S =
B —\ZwE. As before the less steep this line, the lower the associated effective wage.
Moreover, the optimality condition for effort Jg = —AZw is such that in (E,G + S)
space the slope of the job utility function Jg = G is equal to the slope of an isocost
line —AZw. In other words, once the level of amenities is determined, the solution the
firm’s problem in the present context is entirely analogous to that which we presented
earlier. This is shown in Figure 3.24.

It is straightforward to re-derive all comparative statics as developed earlier in
the essay when amenities are accounted for. However, given the direct relationship
between amenities and A, we now consider differences between an economy with
marginal value of real wealth A and one with A’ < X. As derived above, a lower
marginal value of real wealth is consistent with higher amenities, meaning that under
X' the firm’s job utility function in (F,G + S) space shifts up and its isocost lines
become less steep. This is shown in Figure 3.25, where lower effort and higher job
utility under X" are also implied. Since E is lower and both Z and E remain constant,
then under )\ the real wage is lower. Although it may seem ambiguous, as shown
in Section 3.9.3 marginal net job benefits are actually lower under )\, meaning that
so are equilibrium work hours. Note however, that given the endogenously optimal
higher A consistent with a lower A, the difference in equilibrium work hours between
steady states is less than in the absence of amenities. In that sense, amenities can be
seen as partially muting changes in work hours given changes in the marginal value

of real wealth.!*

4 For simplicity, we have not considered the production-side of amenities. However, note that if
these are interpreted as fractions of the consumption good transformed into amenities, then p4 = 1.
Otherwise, for example, the sectoral analysis developed earlier can be applied in straightforward
fashion. Whichever the case, the main points of this section are not altered.
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3.6 Work Hours and Welfare
3.6.1 Equilibrium Work Hours

Recall that marginal net job benefits B implicitly determine work hours. Using the

definition of B and assuming a continuum of firms indexed by ¢, it follows that

dB = (AW, + d.J;) + Wid. (3.17)

Above, the first term shows that increases in real wages or on-the-job utility would in-
duce individuals to work more hours. However, the second term shows that increases
in consumption - and therefore decreases in the marginal value of real wealth A - do
the opposite. Therefore, in this framework, to the extent to which work hours remain
high, and for that matter, higher than expected, in the face of enormous increases
in consumption is a reflection of increases in AW; + J;. This can be operationalized
given that dB captures change in hours per worker, d\ changes in consumption, and
dB — Wid\ = (AMdW; + dJ;). Labor hours will be trendless if and only if dB = 0,
which amounts to d.J; = —W;dA — A\dW;. Of course, if income effects dominate sub-
stitution effects, then W;d\ < —AdW; holds. Under such circumstances dB = 0 if
and only if dJ; > 0. In addition, note that even if A\WW;—0 because the income effect
overwhelms the substitution effect, work hours H; will tend to some constant H; > 0
as long as job utility J; tends to some constant .J; > ® (0). That is, the model can in
principle explain a positive asymptote for work hours if people enjoy work as much
as the marginal leisure activity.

The data suggests relatively trendless labor hours in the face of increases in both
productivity and the real wage. If the income effect dominates the substitution effect,
then, as noted above, labor hours will be relatively trendless if and only if on-the-job
utility J; is increasing over time via northeast movements of the job utility function in
(E, J) space. We have shown that such outward shifts can be triggered by decreases
in drudgery or increases in amenities. Moreover, there are strong firm-level microeco-
nomic incentives to focus on innovations that decrease drudgery, and amenities are

inversely related to the economy’s marginal value of real wealth. This means that as
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economies get richer, amenities are expected to increase, the direct effect of which
is to partially mute income effects that would otherwise lead to large decreases in
work hours. Since both decreases in drudgery and increases in amenities shift the
job-utility function outwards, our analysis suggests intuitive channels through which

observed patterns in the data can be explained.

3.6.2 Welfare Under Additive Separability

In order to address the theory’s welfare implications we continue to allow for a variety
of job options so that H = ). H,;. Parameter-induced changes in welfare are well
assessed via steady-state to steady-state considerations. In steady state, given r = p,

an individual’s problem is equivalent to the static optimization problem

max U+ ®+> . HJ,
C, H, H;>0

such that C'=rM +11+ ), W;H; and total hours H = ) . H;. Given the multipliers
A and b, let

£*:C max {U+0+> . HJi+b(H-=> H)+X(rM +1I1+> . W;H, — C)}.

Note that the optimal choice of H; renders two cases: H; = 0 and J; + \W; < b,
or H; > 0 and J; + A\W,; = b. Therefore, b = B, where, as before, B denotes the
economy’s level of equilibrium marginal net job benefits.

Using the envelope theorem,
dc /X =5 HidJ;/J\+ >, HdW; +d (11 +rM) (3.18)

Above, each of the three terms on the right-hand-side highlights a distinct way in
which the economy’s opportunity set becomes larger. Changes in welfare owing to
changes in on-the-job utility are captured by the first term, modifications due to
increases in consumption are reflected in the second term, and modifications due to

changes in exogenous wealth appear in the last term. In particular, (>, H;)dJ;/\
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can be interpreted as the portion of the change in the maximized value of utility that
answers the question: “how much would the household have to be paid in order to
go back to working in yesterday’s conditions?”

To better understand the implications of the envelope theorem, note that
d(>, HW;,) =>, HidW;+ > . W;H; -dH/H + >, W; (dH; — H; - dH/H)

That is, the change in labor earnings is equal to the sum of a term reflecting the
change in wages for narrowly defined job categories, a term reflecting the change
in total hours, and a term reflecting the change in the composition of jobs between
relatively high paid jobs with low job utility and low paid jobs with high job utility.
The change in wages for narrowly defined jobs is a key component of welfare from

the envelope theorem perspective. Note that
> HidWi = d (32 HiWs) — 22, Wil - dH/H] = [, Wi (dH; — H; - dH/H)] .

Therefore, to gauge this component of welfare, we need to adjust the change in
overall labor earnings by subtracting not only extra earnings from people working
longer hours overall, but also extra earnings coming from people switching towards
jobs that are more highly paid and have lower job utility. If AW is moving down,
then the overall trend should involve compositional shifts towards jobs with higher
job utility and relatively lower pay than other available jobs. This means that the
increase in labor earnings will tend to understate the true increase in welfare (leaving
aside changes in overall hours). Empirically, it should be possible to obtain a direct
measure of the change in wages for narrowly defined jobs >, H;dW;.

In terms of the remaining welfare components, consider once more equation (3.17).

Using this, rearranging, and substituting in equation (3.18) implies that

AL /N = (32, Hy) dB/X — (5, HiW;) dA/A + d (T1 + rM)

* H B II M
ac db _dx  d{l+rM) (3.19)

NS HW,  SLHW, A A S HW,
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The last term on the right-hand side of equation (3.19) is well understood. As noted
above, > . H;dW; can in principle be computed. Hence, we would like a measure for
the first two terms on the right-hand side.

Define v = —CUg¢/Uc. Then, 1/7 is the elasticity of intertemporal substitution,
and d\/\ = —ydC/C. Moreover, for any job i the Frisch elasticity of labor supply
satisfies n; (1 — (;). Then,

dB/B = (1/n)dH/H = dB = ((1-(;)\W;)dH/H = dB/X\= (W;/n;,)dH/H.

Substituting these derivations into equation (3.19) and simplifying yields

L (Wi/n)dH —~dC  d(T+rM)
_ . 2
NSSHW,  SLHW, ¢ S HW, (3.20)

Evidence about v can be found from workers’ job choices. Consider an individual

working two jobs satisfying Jo > J;. Then, A\W; + J; = AW5 + J,, meaning that

\ Jy — Jy . A\ dJy—dJy AWy — dW,
W — W A T =) W, — Wy

For any individual for whom d.J; — dJ, = 0, for example, d.J;,d.J; = 0, then

AN/A = — (dWy — dWa) | (W1 — W)

and using dA\/\ = —ydC/C' it follows that

v = ((dWy —dWs) / (W1 — Wa)) / (dC/C).

More generally, the short-run elasticity of intertemporal substitution has been
suggested by Hall (1988) to be approximately zero, and by Kimball, Sahm, and
Shapiro (2011) to be 0.08. However, there are reasons suggesting that the long-run
elasticity of intertemporal substitution should be higher than its short-run counter-
part. This includes taking account of full adjustment, new goods, habit formation,

and “keeping up with the Joneses.” In the context of our analysis, it is precisely the
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long-run elasticity of intertemporal substitution which should be applied. Say the
long-run elasticity of intertemporal substitution is 0.5, in which case v = 2. Using
this value for v along with equation (3.20) implies that for dII, dM = 0 and dH = 0,
a 1% increase in consumption would be associated with a welfare increase of at least
2%.

A natural question that follows is what fraction of welfare gains are attributable
to higher job utility. To see this, note that dividing equation (3.18) by >, H;W; and

combining with equation (3.20) yields

2iHiddi | 3 HidWi  (Wifny)dH | 4dC

NS HW, S HW, | S HW, O
S HidJ, (d S HW ZiWidHi) _(Wyn)dH ~dC
AZiHiVVi ZszVVz ZszI/Vz ZzHZVVZ c

Then, given dH = dH; = 0 and a 1% increase in consumption resulting from a 1%
increase in labor earnings (that is, with all of the increase in labor earnings being

put towards consumption), continuing to assume v = 2 it follows that

AN HW, O > HiW;
= 2% — 1% = 1%.

Hence, given constant labor hours, up to half of the welfare gains associated with a

1% increase in consumption can result from increases in on-the-job utility.

3.6.3 Welfare Under Non-separability

Given the development so far, it is of interest to understand the welfare implications
of job utility when consumption and leisure on non-separable. Hence, suppose now
that

U=U(C,H)+> ,H,J;,

where Us > 0, Uy < 0, and Ugy > 0. Then, an individual’s problem involves

choosing C, H, and H; > 0 to maximize U such that C' =M + 11+ >, W;H; and
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total hours H = ), H,.
Let

Then,
ac* =%, H; (dJ; + \dW;) + X (dI1 + rdM) .

Using equation (3.17), summing over hours, and dividing by AC' the previous can be

stated as
dC*/NC = (H/C)-dB/X— (D>_, HiW;/C) - dA\/A + (dll +rdM) /C. (3.21)

Other than dB/X and dA/), it is straightforward to obtain empirical counterparts
to all variables on the right-hand side of the equation (3.21). Thus, it is of interest to
find expressions for dB/\ and d\/\ that can be operationalized. To this end, define

V(A H) = max U(C,H) - XC (3.22)

and

i V(A H) + A(H X, 6W; +10) + H Y, 60, (3.23)

where £, is the fraction of total hours that the individual spends on job ¢. Note that
H ()‘ Zz §&Wi + Zz 5zJZ) = sz' & (>\Wi + Ji) =HB

since in equilibrium B = AW, + J;, and also ) . &; = 1. Therefore, the statement in

equation (3.23) becomes
max V (A, H) + H (A5, Wi + 50, €.) + AL

The first-order condition is —Vy (A, H) = B. Therefore, dB = —VygdH — Vi dA. If
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dA = 0, then

dB/B = — (VyyH/B) - dH/H = (Vg H/Vyy) - dH/H,

where the second equality follows from the earlier FOC. It follows that,

(dB/B) /(dH/H) = (Vau H/Vy) = 1/1,

where 7 is defined as the A-held-constant elasticity of H with respect to B. Given

dB = —VygrdH — Viyd),

as shown in the appendix

dB/\ = (1 —C)W;/q - dH/H — Viry - A/,

where (; = —J;/W;A.
From Proposition 1, it follows that the Frisch elasticity of labor supply for any
job i is given by 0, = 7/ (1 — ¢;). Therefore the previous can be stated as,

AB/X\ = (Wi/n,) - dH/H — Vigy - dA/\. (3.24)

The first term on the right-hand side above has straightforward empirical coun-
terparts. However, we still require an expression for dA/\, and are now also in
need of one for V. Note from the expression in (3.22) that V\, = —C (A, H) and
Vig = —Cpqy (A, H). Furthermore, as shown in Section 3.9.4

dC/C = (ViaA/VA) - dN A+ (Vag H/VA) - dH/H.

Define —1/v = V\uA/V, and © = Vg H/V,. That is, © = dIln C/dH for constant \.
Then,
dA\/X=~(6-dH/H —dC/C). (3.25)
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A value for © can be estimated by noting that

AlnC+a+ pr+6O©AInH + €.

Basu and Kimball (2002) suggest that a higher-end estimate for © is 0.3. Moreover,

©=WyH/Vy=-V\igH/C — —V\g =06C/H

Substituting into equation (3.24),

dB/N = (Wi/n,)-dH/H — Viry - d\/A
—  dB/\= (Wi/n,) - dH/H + (0C/H) - d\/\. (3.26)

We set out to search empirical counterparts for d\/\ and dB/\ for use in equation
(3.21), which we now have in equations (3.25) and (3.26). Combining these three

equations, as shown in Section 3.9.4 it now follows that

L :@@+<@_Ziﬂim)’y( dH dC) (dI1 + rdM)

il 2
o 7, C C © C (3:27)

H C
Consider an example. Suppose dC/C = 1%, dH =0, © = 0.3, v = 2. Moreover,
suppose y . H;W; = C so that there is no non-labor income, and dII = dM = 0.

Then, using equation (3.27)
AL /NC = (3 —1) -2+ (—1%) = 1.4%.

Hence, in this case .4% beyond the welfare increase from the increase in consumption
owes to changes in on-the-job utility. Note that in terms of welfare there is no fun-
damental difference between increases in J from compositional effects and increases

in J in any given job - it is only a matter of how detailed the definitions of jobs are.
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3.7 Conclusions

The paradox of hard work refers to the fact that, given enormous world-wide in-
creases in consumption, work hours have remained relatively trendless across coun-
tries. Given a low elasticity of intertemporal substitution!® and income effects on
labor supply being substantial,'® work hours should have in fact shown a significant
decline. In principle, this can be rationalized by an increasing marginal-wage to con-
sumption ratio, something that keeps the marginal utility of consumption high, or
something that keeps the marginal disutility of work low. We focus attention on
the last of these explanations. Economists have long understood that cross-sectional
differences in on-the-job utility at a particular time give rise to compensating differ-
entials. In this essay, we develop a theory that focuses on a less-studied topic: un-
derstanding the long-run macroeconomic consequences of trends in on-the-job utility.
Two main implications emerge. First, secular improvements in on-the-job utility are
such that it is possible for work hours to remain approximately constant over time
even if the income effect of higher wages on labor supply exceeds the substitution
effect of higher wages. Secondly, secular improvements in on-the-job utility can them-
selves be a substantial component of the welfare gains from technological progress.
These two implications are connected by an identity: improvements in on-the-job
utility that have a significant effect on labor supply tend to have large welfare effects.

Of course, if ongoing increases in job utility help rationalize the paradox of hard
work, a natural question is whether the proper incentives are in place for such changes
in job utility to occur. We argue that the answer to this is an overwhelming yes.
These incentives exist on several dimensions, and are compatible with helping explain
broader empirical phenomena in addition to trendless labor hours. In particular, we
show that as economies become richer, endogenous channels will lead to firms and
industries whose jobs are characterized by relatively low job utility to be driven out
of the market. This offers a novel explanation for outsourcing, which has been a

marked characteristic of industrialized economies over the last several decades. In

15See, for example, Hall (1988), Barsky et al. (1997), and Basu and Kimball (2002).
16See, for example, Shapiro and Kimball (2008).
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addition, firms whose jobs offer relatively higher job utility endure a lower real wage
per unit of worker productivity. Thus, firms with relatively higher job utility have a
competitive advantage. Finally, we show that firms will find it endogenously optimal
to increase job utility via increases in amenities as a method of countervailing income
effects so that individuals will not substantially decrease their work hours. These
last two findings help shed light on recent trends in non-pecuniary improvements in
working conditions, as exemplified by, for example, Google’s emphasis on its general
work environment.

This essay’s research contributes to the labor economics literature by developing
a theoretical framework through which an intertemporal understanding of the prim-
itives that determine the economy’s available trade-offs between output, wages, and
job utility can be attained. Moreover, we contribute to the macroeconomics literature
by offering a novel explanation for the paradox of hard work, thus showing that this
paradox is not necessarily evidence of a low intertemporal elasticity of substitution

or non-separable preferences in consumption and leisure.
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3.9 Derivations
3.9.1 Normalization

To show this, consider U 4+ ® + H.J with ® (T) = , where & is a constant. Define
®(X)=®(X)— kX and J = J — kH. Then, & (T) = 0, and

U=U+d(T-H)+HJ] k(T —H)—kH=U=U+®(T - H)+ HJ - xT,

which is equivalent to U + & + H.J.
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3.9.2 Details on the Incentives for Drudgery Declines

Given a change in drudgery - and keeping all else constant, in particular equilibrium

net job benefits -, total differentiation of the firm’s constraint, \W; + J; = B, yields
JipdE; /dD; + \dW,;/dD; = —J;p. (3.28)
Similarly, total differentiation of the optimality condition —J;g E; = AW, implies that
JigdE;/dD; + \dW;/dD; = — Jipp E;dE; /dD; — JippE;. (3.29)

Combining the previous two equations results in
dE;/dD; = (Jip — JiepE;) | Jipp E;. (3.30)

By assumption J;p, Jigg < 0. Whereas J;gzp > 0 ensures that dF;/dD; is strictly
positive, J;gp < 0 allows for dE;/dD; § 0. Moreover, note that rearranging equation

(3.28) implies that
dW,;/dD; = —Jip/\ — (Jig/A) dE; /dD;. (3.31)
Before proceeding, totally differentiate the job function. This yields
dJ;/dD; = JigdE;/dD; + Jip, (3.32)

where we refer to J;gdE;/dD; as the effort substitution effect and J;p as the (pure)
drudgery effect. Note that whereas the drudgery effect is always negative, the sign of
the effort substitution effect is ambiguous and depends directly on that of dE;/dD;.'T

The effects of a change in drudgery depend on the sign of J;gp. Consider the case
in which J;pp < 0. This initially gives way to three additional possibilities conditional

on the sign of the numerator in equation (3.30). Assume —J;p < —J;gpE;. In this

1"Recall that J;z < 0 is an endogenous result of the firm’s optimization subproblem given positive,
as we have assumed throughout the essay.
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case, equation (3.30) implies that dE;/dD; < 0. However, by equation (3.28)
dW;/dD; = —Jip /A — (Jig/N) (dE:/dD;) = 0.

Using equation (3.32) the fact that dE;/dD; < 0 implies that in this case the effort
substitution and drudgery effects work in opposite directions. If the effort substitu-

tion effect dominates the drudgery effect, then d.J;/dD; > 0. Hence,
which using (3.31) implies that dW;/dD; < 0.

3.9.3 Amenities

To see that under \ marginal net job benefits are lower than under ), consider the
firm’s constraint AZwFE + G = B+ F. Since both w and Z remain constant, it follows
that

ZwEd\ + ANZwdE + GgdE =d (B — F+ F'A).

The firm’s optimality condition Gg = —AZw implies that GgdFE = —AZwd\. Using
this in the differentiated version of the firm’s constraint results, after rearranging,
in ZwE = dB/d\ + (F"A)dA/d\. Then, use of the optimality condition ps\ =
F’ implies that dA/d\ = cpa/F”. Substituting this into the firm’s differentiated
constraint implies that the second term on its right side reduces to p4A. Moreover,
note that the left side of this equation is actually (W +psA) ZE/ZE. Given the
previous, rearranging and simplifying the firm’s differentiated constraint results in

dB/d\ =W > 0 assuming, as we have throughout the essay, a positive real wage.

3.9.4 Welfare Under Non-Separability

Given

dB
S = (=Va/X0) - dH/H = Vigy - dA/A,

it follows that
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dB/\ = (B/\j) - dH/H — Vigy - /A
—> dB/\ = (AW, + J;) /A - dH/H — VirxdA /X
— dB/\ = (W; + J;/\) /7 - dH/H — Vizy - dA/A
—s dB/\=(1—()Wi/n-dH/H — Vg - dA/\.

Now, consider C' (A, H) = —V, (A, H). This implies that

dC = Cyxd\ + CydH

— dC = —VA,\CZ/\ —WVygdH — dC/C = (V)\)\)\/V)\) . d)\//\ + (V)\HH/V)\) . dH/H

Finally, note that

dc' _H (WidH  ( C\d\\ S, HWid\ | (dll+rdM)
AC C\n H H) A cC A C

+ 05—

N ¢ T c c
it WidH S W, dH  dC\  (dI+ rdM)
:>>\C_77i0+<@ c )(91{ C) c
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CHAPTER IV

BEYOND TAXES: UNDERSTANDING THE LABOR WEDGE

4.1 Introduction

Recent literature has focused on examining the determinants of the long-run behav-
ior of aggregate labor hours per working-age population (H/P) within and across
countries.! This literature’s analytical framework is based on a standard neoclassical
macroeconomic model. The theory behind this model implies that equilibrium H/P
is implicitly defined through a static optimality condition that equates the marginal
rate of substitution of consumption for leisure with the marginal product of labor.
The extent to which this condition fails to hold has been coined the labor wedge. More
concisely, the labor wedge is a residual that captures the percent difference between
model-predicted H/P and its empirical counterpart. The labor wedge has been found
to be substantial across a large sample of OECD countries. Recent studies focus on

2 These studies argue

understanding what factors can account for the labor wedge.
that within any given country a considerable fraction of the labor wedge can be ex-
plained by accounting for the presence of taxes, which are typically left unaccounted
for in related macroeconomic analysis. This conclusion is based on the finding that
when the standard neoclassical model is enhanced to incorporate taxes, the model’s
predictions regarding the long-run behavior of H/P improve considerably. However,

this improvement is limited to European countries. In particular, the model’s predic-

tions regarding the trend behavior of US and Canadian hours per population are for

!See, for example, Prescott (2004) and Ohanian et al. (2008).
2See, for example, Shimer (2009) in addition to the earlier cited research.
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all purposes contrary to the data. While over the last several decades these two coun-
tries have exhibited an upward trend in hours per population, the standard model
enhanced with taxes predicts that the opposite should have occurred. This suggests
that the labor wedge amounts to more than just taxes.

The aim of this essay is to understand what factors, in addition to taxes, can
account for the labor wedge.? This is particularly important towards understanding
the effects of tax policy. Indeed, the extent to which the standard model enhanced
with taxes fails to account for the trend behavior of H/P in the US and Canada is
a reflection of the extent to which taxes have not had the expected effect on work
hours in these countries relative to European countries. In the present essay, the
analysis we develop implies a surprising result, which is that the limitations of the
standard model in accounting for the long-run behavior of H/P in Canada and the
US are actually evidence of the model’s overall inability to explain the behavior of
H/P. This is the result of the model lacking appropriate theoretical foundations
for capturing the optimal behavior of the extensive margin of labor supply: the
employment-to-population ratio.

The theory behind the standard neoclassical macroeconomic model results in an
equation that defines total equilibrium labor hours. When testing the model’s pre-
dictions, the consensus is to normalize all variables by the working-age population.?
Hence, the model is explicitly assumed to yield predictions regarding H/P. In Sec-
tion 2.1 we review the standard model’s failures in accounting for the empirical trend
behavior of H/P, and in Section 2.2 we review the relative improvements that result
from extending the model to account for taxes.’

Of course, H/P is equal to the product of hours per worker (H/E) and the
employment-to-population ratio (£/P). In Section 3, we present evidence implying
that the standard model has limited, if any, long-run explanatory power regarding

E/P. We show that once taxes are accounted for, the model’s implied equilibrium

3This essay is co-written with Shanthi P. Ramnath, Economist of the US Treasury. The views
and opinions expressed in this essay are not necessarily those of the US Treasury.

4From now on, for simplicity we refer to population and working-age population interchangeably.

SThese sections serve as a general recap of the analysis in relevant past literature, which includes
Prescott (2004), Ohanian et al. (2008), and Shimer (2009), among others.
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equation for H/P is in fact a relatively good predictor of H/E. Therefore, when-
ever E//P does not change much relative to H/FE, which has been the case for most
European countries, the empirical behavior of H/FE and H/P are virtually indistin-
guishable and the standard model gives the impression of correctly predicting H/P.
On the other hand, when E'/P does change considerably relative to H/E, as has been
the case in Canada and the US over the last several decades, the standard model im-
plicitly reveals its limitations in predicting £/P, which in turn inhibits its ability to
accurately predict H/P. Because the labor wedge is defined as a residual, that is, the
portion of the data that model-predicted hours per population cannot explain, the
E/P ratio automatically becomes part of the labor wedge. This finding represents
an important contribution in terms of the interpretation of the labor wedge. The
research in Prescott (2004) and Ohanian et al. (2008) successfully identifies that
part of the existence of the labor wedge results from ignoring the role of taxes. We
complement this research by showing that another part of the labor wedge actually
holds by construction. We argue that a portion of the labor wedge exists because
of an inherent inability on the standard model’s part to predict extensive-margin
changes in labor supply.

In Section 4, we develop a model that allows for heterogeneity in terms of em-
ployment status. In our framework, a household planner maximizes the joint utility
of all household members by optimally choosing the fraction of the population that
is employed, the hours that each employed individual works, and the distribution of
household consumption across individuals conditional on employment status. Our
model accounts for non-employment disutility and a time-varying fixed cost associ-
ated with employment. We show that net employment disutility, which is a weighted
difference between time-varying employment fixed costs and non-employment disutil-
ity, has a significant influence in the household planner’s optimal choice regarding the
distribution of employed and non-employed individuals.® Moreover, the theory we
develop yields an equation for equilibrium work hours that is explicitly in per worker

terms, and almost identical to the standard model’s implicit equation for equilibrium

6In the neoclassical spirit of market clearing, we do not focus on involuntary aspects of unem-
ployment.
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H/P. Hence, our model rationalizes why the standard model’s equation for equilib-
rium hours per population is instead a substantially more accurate predictor of hours
per worker.

In Section 5.1 we show our theory’s empirical applications relative to the trend
behavior of hours per worker over a large set of OECD countries for the period 1960-
2006. Then, in Section 5.2, we derive the implied trend behavior of net employment
disutility consistent with empirical long-run cross-country trends in employment.
Our analysis suggests that within our sample period, trends in employment across
countries require a relatively small average yearly decline in net employment disutility
in order to be rationalized.

In Sections 5.3 and 5.4, we focus on the model’s theoretical implications regarding
tax policy. In particular, we analyze how changes to the net-of-tax rate impact hours
per worker and employment. Intuitively, we find that both are increasing in the
net-of-tax rate, and therefore have an unambiguous impact on hours per population,
which is that hours per population are increasing in the net-of-tax rate. However, we
show that the relative elasticity of hours per worker and employment with respect
to the net-of-tax rate is in principle ambiguous. We then assess the differential
impact that changes in average tax rates versus marginal tax rates can have on
hours per population. We find that a decrease in the average tax rate will lead to a
decrease in hours per worker accompanied by an increase in employment. Thus, a
decrease in the average tax rate could potentially have an ambiguous impact on hours
per population. However, we show that in general the increase in employment will
outweigh the decline in hours per worker implying that overall, hours per population
will tend to increase given a decline in the average tax rate. The noted ambiguity in
the impact of tax policy arises from the structure of the model, since the presence of
net employment disutility implies differences in marginal disutility from changes in
hours per worker and employment. This makes the household’s decision over which
margin to adjust hours per population, given changes in economic conditions, directly
dependent on optimal current levels of employment and hours per worker. Finally,

Section 6 reviews related literature, and Section 7 concludes.
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This essay makes three main contributions to the literature. First, it provides
substantial empirical- and theory-based evidence that implies that the standard neo-
classical macroeconomic model lacks explanatory power regarding the extensive mar-
gin of labor supply. This limitation of the model leads to inaccurate predictions of
H/P when there are large changes in £//P relative to those in H/E. Second, based
on the previous finding, we rationalize the so-far puzzling fact that the standard
neoclassical macroeconomic model extended to account for taxes is unable to match
the trend behavior of hours per population in the US and Canada, even though it
has been relatively successful in doing so for most European countries. In contrast
to the US and Canada, in most European countries £//P has not changed much rel-
ative to H/E. Hence, in these countries the long-run behavior of H/P and H/E is
virtually indistinguishable. Third, this essay provides an understanding of the labor
wedge that complements previous studies. Earlier research successfully identifies that
part of the existence of the labor wedge results from ignoring the role of taxes. We
complement this research by showing that another part of the labor wedge actually
holds by construction, and stems from an inherent inability of the standard model to

predict extensive-margin changes in labor supply.

4.2 The Labor Wedge

In a standard neoclassical macroeconomic model, setting labor supply equal to labor
demand yields a straightforward equation that defines equilibrium work hours. Work
hours are a function of output, consumption, and the structural parameters of the
model. Hence, it is possible to generate a predicted series of hours using aggregate
data on consumption and output, along with assumed parameter values. The extent
to which model-predicted hours differ from the actual data on hours is captured by
the labor wedge, which is defined as the ratio of model-predicted hours to actual data
on hours. If the model were able to perfectly predict hours, then this ratio would be
one. Realistically, many of the assumptions of the standard neoclassical model are
likely to not hold. However, the exercise of comparing model-generated hours with the

data is useful for measuring the explanatory power of the model given its simplifying
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assumptions. In what follows, we derive the equation for labor hours that stems from
the standard neoclassical model. For ease of exposition, throughout the essay our
main analysis focuses on Canada, France, Germany, and the US as benchmarks of
the accuracy of the model’s predictions. These countries are representative of the
differences that earlier research has found between European and North-American
countries in terms of hours per working-age population. Whereas in Europe, on
average, H/P has decreased over the last several decades, in North America H/P
has increased. We derive the labor wedge associated with the standard model given
data for the US, Canada, France and Germany over the span of roughly 40 years. We
then relax the assumption that tax distortions are non-existent in the standard model
and re-derive the model assuming a broad set of taxes on labor, capital, investment,
and consumption. The effective tax rate that had been previously excluded from the
standard model factors explicitly into the prediction for hours worked. The analysis
in this section is broadly analogous to that in Prescott (2004), Ohanian et al. (2008),
and Shimer (2009).

4.2.1 The Standard Model

In the standard neoclassical macroeconomic model a representative household maxi-
mizes its present discounted value of utility subject to an intertemporal budget con-
straint. This infinitely lived household derives utility from household consumption C

and disutility from household labor hours H. Thus, the household seeks to maximize
B> BU(C, Hy),
t=0

subject to

WiH, + RiK; > Cy + 1.

Above, [ is the discount factor, W is the real wage, I is investment, and the price
of consumption is normalized to 1. The household is assumed to own the economy’s

capital, K, and a representative firm rents the capital from the household at rate R.
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The capital accumulation equation is given by
Kt+1 — .[t ‘I‘ (]. - 6)Kt,

where ¢ is the capital depreciation rate.
Following Shimer (2009), we assume that the household’s instantaneous utility

function is given by
£ 14

H, = 4.1

U(Ct,Ht) = lIlCt -

where ¢ is the Frisch (marginal value of real wealth held constant) elasticity of labor
supply, and + is a positive constant.”

Output Y is determined by a representative firm with Cobb-Douglas production
function

}/t - ZthHtl_a7

where a € (0,1) and Z is technology. The representative firm chooses capital and

work hours to maximize profits, given by
I; = ZKPH — W H, — R K.

Assuming all markets are perfectly competitive, in equilibrium labor supply equals
labor demand. Therefore, combining the household’s first-order conditions for labor
supply and consumption with the firm’s first-order condition for labor demand yields

an equation for the equilibrium level of hours worked

1—a)Y;\ ™
HMM = (—( t) : 4.2
t 'Yot ( )

where NM stands for neoclassical model.® This is a static condition that must hold

"The assumed functional form for instantaneous utility differs from that used in Prescott (2004)
and Ohanian et al. (2008). However, as shown in Shimer (2009), the choice of utility function
has little impact on both the qualitative and quantitative results. Chetty (2009) offers a detailed
comparison between the Frisch elasticity, which is commonly used in macroeconomic literature, and
the compensated elasticity, which is frequently used in the public finance and labor literature.

8The notation := means that the object on the left-hand side of this symbol is defined by the
object on its right-hand side.
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within any time period.

There are diverse ways to test the validity of models such as structural estimation
and numerical simulation. However, given that the condition in equation (4.2) is
static, we can easily test its accuracy by using aggregate data on output and con-
sumption to generate the model’s prediction for hours worked, subject to choices for
the model’s parameters. This approach has been used in past literature including
Parkin (1988), Rotemberg and Woodford (1999), and Mulligan (2002). The extent
to which the model’s predicted hours H¥™ differ from actual hours HACTUAL ig

captured by the labor wedge, (1 — A;), which satisfies

ACTUAL
Ht

NM
H,

(1—-4Ay):=

The difference between the labor wedge and unity, —A;, measures the percent devi-
ation between actual hours and model hours. We follow Prescott (2004), Ohanian
et al. (2008), and Shimer (2009) and focus on the long-run behavior of labor hours
by using yearly data. In order to gauge the performance of the standard model we
compare model-predicted hours to actual hours.

A country’s model-predicted hours HVM

are generated using equation (4.2) as
follows. As is standard in the literature, we normalize all within-country variables by
the working-age population; thus, the standard model is assumed to predict hours
per working-age population. We use annual data from 1960 through 2006, which is
detailed in Section 4.8. Using data on real output and consumption, and assuming
a value for ¢, we generate the series (Y;/C;)7= for each country. The final version
of model hours requires scaling this series by (1 —«a)/y. Let k = (1 —«a)/y. In
the model, k is constant over time. Therefore, we can use x as a free parameter to

calibrate the model to achieve a predetermined target. Following Shimer (2009), we

define
N mean ((Ht/Pt)ACTUAL)

mean ((Y}/Ct)la?>

which implicitly allows for cross-country heterogeneity in . Hence, for each country

we choose the scaling parameter x such that mean model-generated hours HVM are
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equal to that country’s mean actual hours HACTUAL,

Although micro estimates of the Frisch elasticity of labor supply usually imply
values of ¢ less than unity, macro estimates are on average slightly higher than 1.
Some studies develop explanations by which these difference can be reconciled (Chetty
(2009), Rogerson and Wallenius (2009)). However, a line of research, especially that
regarding real business cycle analysis, tends to impute € by choosing a value for this
parameter that makes the model-predicted cyclical fluctuations in labor hours most
closely match the cyclical fluctuations in the data. This approach leads to much
higher choices of £ than those mentioned earlier. A similar approach, focusing on the
trend behavior of labor hours rather than their cyclical fluctuations, leads Prescott
(2004) to impute ¢ = 3, and Shimer (2009) to impute ¢ = 4.

We compare actual hours per working-age population with model H/P generated
alternatively with ¢ = 1 and ¢ = 4. Figure 4.1 shows the model generated hours
per working age population with ¢ set to 1 and alternatively to 4.° As noted above,
the appropriate parameter value for the Frisch labor supply elasticity is debatable.
However, the results in Figure 4.1 show that the values for ¢ under consideration make
little difference in terms of their effect on the trend behavior of model-generated hours.
Henceforth, we follow Shimer (2009) and set € equal to 4. Figure 4.2 shows actual
hours per working age population along with their model-generated counterparts
using € = 4. The figure illustrates that although the model performs relatively well
when predicting the trend behavior in Canada, this is not the case in the other
countries. The residual of the model’s predictions relative to the data is captured
by the resulting labor wedge, which is graphed in Figure 4.3 for each country under
consideration and relative to its corresponding value in 1960. The normalization owes
to the fact that since our study focuses on the trend behavior of H/P, the level is

irrelevant.

9Sources and summary statistics of all data used in this essay can be found in Section 4.8. Section
4.9 details mathematical derivations associated with Sections 4.5.3 and 4.5.4. Finally, all figures
noted throughout the text can be found in Section 4.10, and tables relevant to our analysis can be
found in Section 4.11.
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4.2.2 The Model with Taxes

That trends in hours per working age population are vastly different across countries
stimulated interest into potential causes for reconciling this stylized fact. One expla-
nation is that taxes contribute to these differences both across countries and within
countries over time. Thus a growing body of literature (for instance, Prescott (2004),
Ohanian et al. (2008), and Shimer (2009)) incorporates taxation into the standard
neoclassical model in order to address this issue. This literature argues that a frac-
tion of the labor wedge is accounted for by taxes. Below, we re-derive the equation
for labor hours allowing for a broad set of taxes.

Following related literature we assume that the statutory incidence of all taxes is

on consumers, making the household’s budget constraint

A+7)C,+A+HL <A —TMWH, + (1 — THRK, + T.

h and 7%, are, respectively, consumption, investment, labor, and

Above, 7¢, T, T
capital taxes, and 7; are lump-sum government transfers. The counterpart of equation
(4.2) is now

HNMT . — ((1 — Tt)%) ” : (4.3)

where 7 = (7" + 7¢) / (1 + 7¢) is the effective tax rate and NMT stands for neoclas-
sical model with tazes. The tax-inclusive model reveals that (1 — 7')15? is part of the
labor wedge of the standard model when taxes are ignored. Hence when taxes are

included, the labor wedge satisfies,
(1-A) = L. (4.4)

We generate model hours for the period 1960-2006 using equation (4.3) normalized
by the working-age population, along with data on C' and Y. Following Ohanian et
al. (2008), we use the effective marginal tax series created by McDaniel (2007), which
includes calculated taxes on both income and consumption. McDaniel’s methods are

similar to those of Mendoza et al. (1994), although her data is mainly derived from
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national accounts publications. Income and expenditure data and tax revenue are
all categorized into labor or capital income, and consumption or private investment.
Tax rates are then calculated by dividing the tax revenue by either the income or ex-
penditure for that category. This method for calculating tax rates has the appealing
feature that taxes can be derived independently of tax return data using only ag-
gregate data. However, a trade-off exists by which strong assumptions are required
for classifying the data into categories, which necessarily impacts the results. An
additional drawback from this method is that the calculated tax rates are average
tax rates rather than marginal tax rates. However, McDaniel (2007) provides a com-
parison of the average tax rates and average marginal tax rates series calculated from
past studies for the US and finds a similar trend behavior in each of the two series.
The McDaniel (2007) tax data is summarized in Section 4.8.1° The normalized model
is once again assumed to predict hours per population. To generate model hours, we
continue to set € to 4. For each country in our OECD sample we generate the series
((1—7)Y;/Cy) 7. In this case note that for any given country the scaling parameter

k = (1 — «) /v now satisfies

mean ((Ht/Pt)ACTUAL)

mean ((1 —T¢) (Yt/C’t)l%e) '

HNMT —

Figure 4.4 presents the resulting model-generated H/P and actual H/P. For the
purposes of comparison, Figure 4.5 shows the labor wedges generated by the standard
model and the labor wedges generated by standard model augmented with taxes; as
before, all of these are shown relative to their 1960 value. The wedge generated by
the model with taxes is closer to one for France and Germany. This highlights the
improvement made in terms of predicting the long-run behavior of H/P relative to
the standard model for these countries. However, as noted by both Prescott (2004)
and Ohanian et al. (2008), when taxes are included, the model’s predictions for the

US and Canada fail to account for the data.!! Returning to Figure 4.5, note that this

19See McDaniel (2007) for a more detailed explanation for how tax rates are calculated.
1We calculate a sum of the squared differences, where the difference is between the actual data
on hours and the model predicted hours with and without taxes. The sum of squared differences
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failure is nontrivial: while US and Canadian hours per population have exhibited an
upward trend over the last several decades, the neoclassical model with taxes actually

predicts a downward trend in H/P for these countries, thus contradicting the data.

4.3 The Role of the E/P Ratio

Given that H/P = (H/E) - (E/P), understanding why the standard model with
taxes fares poorly for some countries may be illuminated by understanding on which
margin it is failing: H/E, E/P, or both. Thus, it is useful to disentangle the relative
influence of H/E and E/P in shaping the observed patterns in H/P. Figure 4.6,
shows actual hours per population for Canada, France, Germany, and the US. In
addition, the graph illustrates the behavior of H/P, had E/P remained fixed at
its 1960 value and only H/FE changed, and also the behavior of H/P, had H/E
remained fixed at its 1960 value and only E/P changed. In Canada and the US,
hours per population have been increasing while hours per worker have experienced
a relatively small decrease. Thus, in Canada and the US, the long-run trend in H/P
has predominately been driven by changes in £/P. This stands in contrast to France
and Germany, where both hours per population and hours per worker have been
decreasing while /P has remained relatively constant.

Recall that the standard model with taxes was shown to provide relatively accu-
rate predictions of H/P for France and Germany, but not for Canada and the US.
Combined with the patterns in Figure 4.6, this suggests that the standard model may
be inherently incapable of predicting changes in employment and instead is a better
predictor of hours per worker.

The theoretical predictions stemming from NM and NMT regarding equilibrium
hours of work do not specify whether they are in per worker or per population terms.
However, it is standard in the literature to normalize all variables in the model
by population, P. As noted above, the model is therefore assumed to predict H/P.

Normalizing by the population implies that all household members share consumption

is lower when taxes are included in the model for France and Germany, but higher when taxes are
included in the model for Canada and the U.S.

109



utility as well as work-hours disutility equally. In both NM and NMT, assuming that
disutility from work-hours is shared across the population is the same as assuming
both that everyone works the same amount of hours and that the entire population
is employed.

Alternatively, suppose that equation (4.3) actually satisfied

That is, suppose that the model’s prediction for hours were explicitly in per-worker
terms. In this case, model hours per worker can be generated for each country by

creating the series ((1 — a)Y;/vC;)™ and then scaling it by the parameter

mean <(Ht/Et)ACTUAL>

mean ((1 —Tt) (Y;/Ct)f?> .

R =

Figure 4.7 shows the actual hours per worker for Canada, France, Germany, and the
US along with hours per worker generated using equation (4.5). When the model is
assumed to predict H/E, as in equation (4.5), the model-generated data is very close
to the actual data.

If the standard model with taxes provides good predictions of hours per worker,
then it should also be the case that multiplying these hours by a correct prediction
of E/P would yield correct predictions of H/P for all countries, including the US
and Canada. Unfortunately, the standard model only provides an equation for labor
hours. However, if equation (4.5) is a good approximation to the actual behavior of
H/E, then multiplying the implied model hours by each country’s actual E/P ratio

should yield a largely correct approximation of each country’s actual H/P ratio. Let

E HY BRID _ E ACTUAL ‘ &
B - \B E )’

where H/FE are model-generated hours per worker as implied by equation (4.5). Hy-

brid hours per working-age population as well as actual H/P are shown in Figure
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4.8. Hybrid hours per working-age population perform extremely well in approximat-
ing actual H/P for each country. In particular, for Canada and the US, the trend
behavior of H/P is correct.

The analysis thus far suggests that the standard neoclassical model extended to
account for taxes is better suited for predicting H/E rather than H/P. The degree to
which this is true can be gauged by one final test. If the standard neoclassical model
is incapable of predicting /P, then FE/P will in practice fall into the labor wedge
defined in equation (4.4). For each country under consideration Figure 4.9 shows
the labor wedge implied by equation (4.4), as before normalized by its 1960 value,
along with the (empirical) F/P ratio. Except for a scaling constant, the long-run
behavior of these two series track one another surprisingly well. This indicates that
a significant part of the labor wedge in equation (4.4) corresponds to the F /P ratio.

Our conclusions have mixed implications for the success of the standard model.
Our analysis shows that the current theory produces a relatively accurate prediction
for H/E, which implies a strong theoretical underpinning for the determinants of
this variable, but not of £/P. Hence, the standard model with taxes can provide
mostly accurate predictions of the long-run behavior of H/P only when the E/P
ratio does not change much relative to H/E. In other words, the model is successful
when the behaviors of H/E and H/P are similar. However, when E/P does change
substantially relative to H/F, as has been the case over the last several decades in
Canada and the US, the model’s predictions necessarily fail.

Prescott (2004), Ohanian (2008), and Shimer (2009) identify taxes as part of the
labor wedge. Our research complements these findings by showing that the residual
generated by the standard model with taxes is additionally comprised to a large
extent by the F/P ratio itself. Hence, our findings imply that the standard model
lacks predictive power for changes in employment, which is a fundamental component
for understanding, in particular, the total impact that tax policy has on the behavior

of H/P.
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4.4 Heterogeneity

We have argued that the equation for hours implied by the standard theory is rel-
atively better suited for predicting hours per worker than hours per working-age
population. Of course, when the model is normalized by employment, consumption
utility will also be on a per worker basis. On the other hand, if the model is nor-
malized by population, then a within-household distribution is implicitly established
by which all household members share utility from consumption and disutility from
work-hours equally. In other words, normalizing by population establishes that all
household members consume the same amount and work the same number of hours.
This implicitly dampens the representative household’s labor disutility since aggre-
gate hours are normalized by a group that includes non-workers. The differences
stemming from choice in normalization highlight an aspect of the model that is lack-
ing, which is its ability to distinguish between the intensive and extensive margins of
labor supply.

A perfectly competitive model assumes market clearing with full employment,
which makes using population to normalize hours seem natural. However, empiri-
cally, we observe the existence of non-employed individuals. As an alternative, we
develop a model that explicitly incorporates the possibility that some individuals are
employed and others (voluntarily) are not.'> That is, we allow for heterogeneity in
employment status. In our model, hours per worker and employment are disentan-
gled as choice variables to be optimized by a household planner. The result is an
equation for equilibrium labor hours in terms of hours per worker. Interestingly, this
equation is almost identical to the one stemming from the employment-normalized
standard model. In fact, we show that the hours equation stemming from both the
population-normalized and the employment-normalized models are special cases of
the hours equation from the model developed below. This model provides a theoret-
ical rationalization for our earlier finding that the standard model is relatively better
at predicting hours per worker.

Our model allows us to derive conditions that show the impact that taxes have

12In the spirit of market clearing, we focus on non-employment rather than unemployment.
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on both hours per worker and employment. Tax policy can have differential impacts
on the extensive and intensive margins of labor supply decisions. In particular, the
average tax rate is associated with changes on the extensive margin while the marginal
tax rate impacts the intensive margin. Thus, to understand the role that taxes play
in explaining aggregate trends in labor hours, we must account for their impact on
both individuals’ choices of whether to work or not, and, conditional on working, their
choices regarding how many hours to work. We further our discussion by relaxing the
assumption of a flat tax on wage income to allow for a more realistic graduated wage
income tax. By allowing for a graduated wage tax, we can also isolate the differential
impact that average verses marginal taxes have on labor supply. In particular, we
derive conditions for how both average tax rates and marginal tax rates each impact
hours per worker and employment.

In standard representative agent macroeconomic models, the population implic-
itly consists of a continuum of infinitely divisible individuals that is normalized to
1. As individuals are assumed to be identical, a household’s instantaneous utility
is equivalent to that of a single representative agent multiplied by the number of
individuals (i.e., 1). The model we develop maintains the assumption of an infinitely
divisible population (that we will normalize to unity), but extends the household
planner’s problem to include the possibility of non-employment.

Suppose that the within-period utility of an employed individual is given by

Ezl . _ € (1+e)/e
0 = tu(e) = (60— 1 (h)9%).

and that of a non-employed individual, for whom h = 0, is

UN = ln(Ct) — Dt-

Above, ¢ is an individual’s consumption, ¢ > 0 is a fixed cost associated with employ-
ment, and h is an individual’s market work hours. As before, v is a labor disutility

parameter and ¢ is the Frisch elasticity of labor supply. In addition, D is a catch-all
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variable that reflects disutility endured by non-employed individuals.!?

Let P denote the population and assume that all individuals in the population
are grouped within a single household in which resources are pooled. We assume
individuals are altruistic and their joint objective is to maximize the household’s
utility. Thus, suppose a household planner maximizes the joint utility ¢ of the
household’s P members, taking prices and government policy as given. In particular,

the household planner’s objective is to maximize

E

- C € )\ Hee
_ t E _t _ o _t
U—Et;ﬁ {%ﬁ(ln(&) Yo, 71+€<Et)

ol = (1 (PCLNE> -0}

subject to
I+ (CFP+CM)+ (1+71) L < (1—7) WHy + (1 — 7)) R K, + T

Above, F is the number of employed individuals, C'* is the fraction of total household
consumption C' that employed individuals receive, H is total work hours, and O is
the fraction of total household consumption that non-employed individuals receive.
In addition, ¥* € (0,1) and ¢ = 1 — ¥ are, respectively, the weights that the
household planner places on the utility of employed and non-employed individuals.
As we will show below, these weights guarantee that at any given point in time the
solution to the planner’s problem satisfies a no-utility arbitrage condition, meaning
that no individual can obtain greater utility by switching between employment states.
All other variables, as well as the capital accumulation equation, are as described in
Section 4.2.

The choice of employment versus non-employment matters on two important di-
mensions. First, note that since non-employed individuals do not work, they con-

tribute no labor disutility to /. Also, what matters for total labor income is total

13With the exception of allowing for the employment fixed cost to be time varying and for the
possibility of non-employed individuals to receive (dis)utility from sources other than consumption,
the instantaneous utility functions we use are the same as that used in Kimball and Shapiro (2008).
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labor hours H. Once there is a choice between employment £ and hours per worker
H/E, where explicit disutility from the former is linear and from the latter is con-
vex, making the decision over which margin to adjust total hours given changes in
economic conditions becomes explicitly relevant. Indeed, note that the relative disu-
tilities of hours-per-worker and employment change at different rates.

Let \; be the Lagrange multiplier associated with the household planner’s prob-
lem. Our focus throughout this essay has been on the labor market and as such, we
focus on the first-order conditions for consumption, total work hours, and employ-

ment, which after rearranging imply that

YEE,JOF =\, (14 79), (4.6)

Uy (Po—Ey) JCF =X (14 79), (4.7)
E H\"* _ l

wt Y (E) = )\t (1 - Tt) Wt, (48)

and

F(n(%) ) (@) - )

(1+e)/e
E N E 7 H
— — =0. 4.9

1%+¢t+%1+e(@) (4.9)

Combining the consumption first-order conditions, it follows that within any pe-

riod
_ U (P - By

CN
' VP E,

cE.

Using this, and the fact that the sum of CF and C}¥ must equal total household
consumption, C}, implies that

CF = ¢,Ci, (4.10)

where

G=v0E/) (W E A+ ) (P — Ey))
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is the fraction of total household consumption that the planner assigns to employed
individuals.
In order to close the model, we must once more consider the firm’s problem. The

firm chooses total work hours H and capital K to maximize
I, = Z,K* (H,)'™ — W,H, — R K. (4.11)
The first-order conditions for hours per worker and employment both result in

(]_ — Oé) Ztha (Ht)_a == Wt

— (1—a)Y, = W,H,. (4.12)

Combining (4.12) with (4.8) yields

¢E H, (14€)/e
t E,

After substituting for A\; using (4.6), it follows that

Ht (1+e)/e Y;
’Y(E) 2(1—04)(1—716)(7—P

where 7 is the effective tax rate, defined as in Section 4.2.2. Substituting in for CF,

using (4.10), and rearranging yields

hy = ((thEt +i§;ﬁ _ Et)) : ((1 —7)(1—a) ﬁ))g/(lm , (4.13)

where hy = H;/E, is hours per worker.
The right-hand side of equation (4.13) defines the hours per worker that are
theoretically consistent with the household’s optimal choice of employment, taxes,

and the output to consumption ratio. Note that as wf — 1,

(VEE, + N (P — E)) JYPE, — 1.
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Therefore, as 17 — 1, equation (4.13) converges to the prediction of hours that
the standard model enhanced with taxes yields when all variables are normalized
by the level of employment. On the other hand, when ¢ — ¥ — 0.5, slight
rearrangement of equation (4.13) implies that the prediction for hours converges to
that of the standard model with all variables normalized by population.

We now derive an implicit expression for employment. Consider once more equa-

tion (4.9). Substituting in for CF, C, and rearranging yields

Y ) )
N1 C,| - D,
v (n(¢fEt+¢iV (P~ By

Further rearrangement implies that

F(E) = o 9 = (0f —4) 1=l G) = (016, —v'D)) . (4.14)

where

F(E) =9 n (07 [ (U7 B+ 07 (B, — Ey))) —of In (07 ) (07 By + 0™ (P~ By))) -

The right-hand of equation (4.14) implicitly defines the level of employment that
is theoretically consistent with the household’s optimal choices regarding aggregate
consumption C' and hours per worker h, given the time-t employment fixed cost ¢
and non-employment disutility D). Note that as ¢f — 1, equation (4.14) converges
to

In (£) = 75—h"™* = (1= (C) = 70,

which implies complementarity between employment and hours per worker and, as
expected, that employment is decreasing in ¢.

Returning to the household’s planning weights, no-utility arbitrage implies that
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within any period

CE e Ht (1+€)/e CN
In (=t ) — — — =1 t —D,. 4.15
n(]@) gz 71+5<Et) n(Pt—Et) t (4.15)

Subtract Fye/ (14 ¢) (H/E)"/¢ from both sides of equation (4.9), use the fact

from equation (4.15) that no-utility arbitrage implies that UF = UY = U, and

rearrange to obtain

E _ _ v(e—1) (1+€)/e -
(0h (2 T-1na +€)h ) . (4.16)

Note that given equation (4.10) and the fact that /" =1 — ¥, it follows that

U:U(wFJwaDtar%')'

Hence, equation (4.16) implicitly determines the planning weights consistent with
no-utility arbitrage. The extent to which these weights vary over time depends on
the variation of U relative to h. Finally, recall from earlier in the analysis that as
wf — 0.5, equation (4.13) implies that our model’s prediction of hours converges to
that of the standard neoclassical model’s with all variables normalized by population.
Given equation (4.16), it follows that the standard neoclassical model’s predicted
hours per population are special cases of our model, which occur either as v — 0, as

U — oo, or both.

4.5 Applications of the Model

The planner’s optimal weights cannot be operationalized given that they depend
on the unknown parameter, v, and the unknown employment and non-employment
disutility variables, ¢ and D. However, the extent to which variation in ¥ occurs
can be gauged implicitly by use of equation (4.13). Indeed, if the planning weight "
is approximately constant (and the model is an accurate representation of reality),

then there should exist a constant value of 1% for which the model’s predictions
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of hours per worker will accurately replicate the empirical behavior of hours per
worker. In this section, we explore the model’s implications under the assumption of
approximately constant optimal planning weights, and show that such an assumption
is indeed consistent with the model yielding broadly accurate predictions regarding

the trend behavior of hours per worker across countries.

4.5.1 Hours Per Worker

As a first approximation in gauging whether constant values of /¥ are consistent with
providing a relatively close approximation of the household planner’s utility-weighting
process, we generate model-predicted hours per worker using empirical measures for
the variables on the right-hand side of equation (4.13). We apply data-generating
methods analogous to those detailed in Section 4.2. Figures 4.10-4.13 show the actual
and model-predicted hours per worker for Canada, France, Germany, and the US, the
latter being generated using ¢ € {0.1,0.5,0.9}. Inspection of the relevant figures
shows that for each country model-predicted hours per worker are a closer match
to their empirical counterparts as ¥ increases. In particular, the analysis suggests
that the main importance of the planning weight 1% lies in conditioning the model’s
ability to match the trend behavior of hours per worker, which can indeed be closely
approximated for given, and constant, ¢»¥. Thus, the various model-generated hours
per worker suggest that the variation in ¥ necessary to reconcile the model with
the data is relatively small, and therefore that assuming constant planning weights
is a good approximation to the actual behavior of these weights.

We extend our analysis to 15 OECD countries for which the McDaniel (2007) tax
series is available. For each country we impute an appropriate value for 1/ by select-
ing the constant household planning weight consistent with minimizing the sum of
squared percent deviations of model-generated hours per worker relative to empirical
hours per worker. The second column of Table 4.1 shows the implied constant weight
for each country. Except for Finland, the Netherlands, and Switzerland, in all cases
¥ > 0.5, with the mean of ¥ across all countries equal to 0.78, as shown in the

last row of Table 4.1. The third column of Table 4.1 shows the correlation of model-
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predicted hours per worker with their empirical counterparts. Model-predicted hours
are now obtained for each country by using the relevant planning weights shown in
the second column of Table 4.1 and the methodology described earlier in this section.
In all cases the correlation is above 0.75 and averages 0.90 across countries, as shown
in the last row of Table 4.1. This implies not only that constant planning weights are
a good approximation to the actual behavior of these weights, but also that the model
performs extremely well in generating hours-per-worker predictions that match the
trend behavior of their empirical counterparts. In that sense, it is noteworthy that
although the planning weights shown in Table 4.1 are consistent with maximizing the
model’s ability to match the relevant empirical data, it is not inherently the choice
of weights, but rather, the theoretical soundness of the model which allows for the
correlations to be so high. If the model were theoretically unsound, then even if the
planning weights were chosen to maximize the model’s predictive capabilities, relative
to the actual data these predictions could still be quite poor, for instance, yielding
very low correlations of model-generated hours per worker with their empirical coun-
terparts. The model’s predictive power is further confirmed graphically in Figure 14,
which shows empirical and model-predicted hours per worker for the four countries
we have centered on throughout this study, with model-predicted hours per worker

generated using the relevant planning weights from Table 4.1.

4.5.2 Net Employment Disutility

Given equation (4.14), as was the case with the planning weights, the determination
of employment depend directly on the unknown employment and non-employment
disutility variables ¢ and D. Hence, the model’s employment predictions cannot be
directly backed out. However, the behavior of ¢ relative to D can, in principle, be
imputed. To see this note that after rearranging equation (4.14) it follows that

oy Yoo F(E) (WF —¢) (1-In(Cy))

N, — =Dy = ——h — — : (4.17)
P 14t e WF
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Define v¢, — (@Div JpE ) D; to be the household’s net employment disutility - that is,
net of weighted non-employment disutility. The evolution of net employment disu-
tility can be imputed given knowledge of the right-hand side of equation (4.17). The
parameter « is unknown, making it impossible to impute the level value of net em-
ployment disutility. However, as long as the second and third terms on the right-hand
side of this equation are always negative, then the actual value of « is irrelevant in
gauging the trend behavior and percent change of net employment disutility relative
to some benchmark value. Indeed, under these circumstances the entirety of the
right-hand side of equation (4.17) will always be positive, making the direction of
change of net employment disutility obvious. However, if the second or third terms
on the right-hand side of equation are positive, then the value of v does become par-
ticularly important. In this case, it is still possible to gauge relative changes in the
absolute value of net employment disutility, but it is not possible to infer whether
these changes are occurring because net employment disutility is becoming more or
less negative or positive.

For reasonable empirical values of total household consumption C, 1 — In (C)
will be negative. If ¢»¥ > 0.5, then the last third term in equation (4.17) will be
unambiguously positive. Moreover, it is straightforward to show that, given the
definition of F' (E) from earlier in the essay, F'(E) = 0 if ¢* = 0.5, F(E) < 0 if
Y¥ > 0.5, and F (E) > 0 if ¥ < 0.5. Hence, if 1) > 0.5 both the second and third
terms in equation (4.17) are positive, and if ¥ < 0.5 they are both negative.'* Recall
from the results shown in Table 4.1 that except for Finland, the Netherlands, and
Switzerland, in all cases the imputed planning weight ¢ was found to be greater

than 0.5. Hence, for any given country and arbitrary 7, we generate a series for

14Note that F (E) > 0 if and only if

6V I v <Pl oF
! Uy Ey 4y (P — Ey) ' Uy By + N (P — Ey)

Zi (mwf —In (¢5Et +N (P - Et))) > (mW “In (wat LN (P, — Et))>

t

—

As ¥¥ — 1 the right-hand side of the first inequality tends to — In (E¢) and it’s left-hand side to
—o0 — In Fy, so the inequality holds. However, as ¢E — 0 the right-hand side of this inequality
tends to 0 and its left-hand side to —In (P; — E}), so the inequality is reversed.
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net employment disutility using equation (4.17) and the relevant constant planning
weight from Table 4.1, and scale each resulting series by its value in 1960. Given
the discussion of the relevance of the value of ¥ for the sign of net employment
disutility, it follows that we can make inferences regarding the direction of change
of net employment disutility for all countries except Finland, the Netherlands, and
Switzerland.

Since employment and hours per worker are in fact jointly determined by equa-
tions (4.13) and (4.14), although it is true that all else equal employment will be
decreasing in net employment disutility, this need not occur when all else is not
equal. Therefore, it should not be expected that within any country imputed changes
in net employment disutility will necessarily be negatively correlated with changes
in employment. Rather, imputed changes in net employment disutility should be
interpreted as the changes in net employment disutility consistent with reconciling
the trend behavior of employment within any given country, given changes in that
country’s consumption and work hours.

The second column of Table 4.2 shows average yearly percent changes in net
employment disutility from 1960 through 2006. For each country, net employment
disutility is generated as noted above, and scaled by its 1960 value. In all cases,
except for Finland, the Netherlands, and Switzerland, the implied changes imply
average yearly declines in net employment disutility across countries. With regards
to Finland, the Netherlands, and Switzerland, recall from Table 4.1 that because the
imputed weight ¥ is less than 0.5 for these countries, it follows that only the absolute
value of mean average yearly changes in vy¢, — (wiv / wf ) D; has meaning. Hence the
relevant notation in Table 4.2 with regards to these countries, the interpretation
of the average yearly changes being that in these countries the difference ¢, —
(@biv / wf ) Dy is getting smaller either because net employment disutility is actually
negative and increasing, or net unemployment disutility is positive and decreasing. In
all other countries, of course, the appropriate interpretation is that net unemployment
disutility is positive and decreasing.

The third column of Table 4.2 shows, for each country, average yearly changes
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in the (empirical) employment-to-population ratio, also scaled by its 1960 value. As
shown in the last row of Table 4.2, on average, across countries, an average yearly
decrease in net employment disutility of 0.68% has been consistent with a mean
year-to-year increase in E/P of 0.04%. Given the earlier discussion, this can be
interpreted as follows: if net employment disutility had not decreased by as much on
a percent-wise year-to-year basis, then, all else equal, on average E/P might have
actually exhibited a substantial average yearly percent decline. In other words, the
results suggest that, on average, consistent declines in net employment disutility are
required to reconcile observed changes in employment given the trend behavior of

other aggregate variables.

4.5.3 Comparative Statics

In the standard model, the impact of the effective tax rate is captured through only
one margin of adjustment: aggregate hours worked. If the effective tax rate were
increased, then aggregate hours would respond by decreasing. In our model, there
are two margins that can explicitly adjust given changes in the effective tax rate:
hours per worker and employment. To examine how changes in the effective tax rate
and net employment disutility impact hours per worker and the number of workers, we
totally differentiate the relevant equations presented above. We can then isolate four
objects of interest, which are the elasticities of both hours per worker and employment
with respect to the net-of-tax rate and net employment disutility, holding all other
variables fixed. Given our earlier finding that constant planning weights are a good
approximation to the actual behavior of these weights, the analysis in this and the
following subsection proceeds under the assumption that the planning weights are

indeed constant.
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As shown in Section 4.9,

N | E
(1 + = _z 4 1h§1“>/5) d1n (hy)

(=
(" =) (B )
+ f?dlog (1—7) + %ﬁdln (Y/Cy)

> I'dlog (')

. ((@/)E - l/jfv) (Et/Pt)) dln (Cy/P,), (4.18)

where I'; denotes net employment disutility v¢, — (wiv / Lbf ) Dy, and

N, | E
(1 T ZN;p (Ei/P) ghgm)/g) =
- t t

- (wEEt/Pt + ¢V (1= (E/P))
(@F — ™) (E/P,)
V(B P) + 0" (1 - (E/P)) BV, (1+e)/e) €
+ > =h; ——(dIn(1 — 7)) +dIn (Y, /C;
( OF =T B )( . ) 1 (@ = 7) 4 din(v,/C1)
. (wEEt/Pt +uN (1 (E/R))

> I'dlog (')

(¢E - ¢N) (E¢/F) ) A (G/B). (4.19)

This means that hours per worker are increasing in net employment disutility, v¢, —
(wiv /wf ) Dy, while employment is decreasing in net employment disutility. This
result intuitively illustrates the substitution between hours per worker and employ-
ment. Moreover, note that both hours per worker and employment are increasing in
the net-of-tax rate, (1 — 7). Thus, an increase in the effective tax rate 7 causes the
household to decrease both hours per worker and employment, ceteris paribus.
From equations (4.18) and (4.19), we can obtain elasticities of hours per worker
and of employment with respect to I' holding all other variables fixed. For hours per

worker,

N r
dinh, (BN (EyP) ) !
dInT, 1 Wy (o)

N (97 —N) (Bm/Py et
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while for employment,

V(B ) P)+yN (1—(E/ Py)) T
dn(E,/P) (629N ) (Ee/ P

dInT B N (14+e)/e .
(1 + <<¢Ewﬁ)z(Et/Pt)) (vF2nf)

Given a 1 percent increase in net employment disutility I', the percentage decrease in

employment is greater than the percentage increase in hours per worker if and only

if

wE(Et/Pt)-i-wl\;(l—(Et/Pt)) T, IPN2 T,
(P =N ) (Ee/Pr) S (P —yN) (Ee/Pr)

NoypE 1+e)/e
i E (1+e)/ 1+ CAMC) T
(1 " (¢E_7/}N)2(Et/Pt)¢ g (ht ) E)) (wEﬂ/JN)2(Et/Pt) et

— Y > YV T, > 0or ¥ <V Iy <.

Earlier, we imputed for all countries except Finland, the Netherlands, and Switzer-
land, ¥¥ > ¥, in which case we showed that it was unambiguously the case that
I’y > 0 Vt. Hence, in general, our findings suggest that a 1 percent increase in net
employment disutility will be consistent with a greater percent decrease in employ-
ment than the associated percent increase in hours per worker, thus leading to an
overall decline in hours per population.

Next, we consider the elasticities of hours per worker and of employment with
respect to the net-of-tax rate (1 — 7), again holding all other variables fixed. The

elasticity of hours per worker with respect to (1 — 7) is

dIn b, =

dln(l —71,) YNy v (1+e)/e’
| 1+ (wE—wN)z(Et/Pt)fht

and the elasticity of employment with respect to (1 — 1) is

VE(B,/P)+N (1—(Ei/PY)) (wElh(Hs)/s)L
dIn(E,/P,) (7N ) () Py) = Ite

din(l1 —7;) N RYR
| ! (1 + ((wE—zp}be(Et/Pt)) <¢Egh§1+ / >>

125




This means a 1 percent increase in (1 — 7) causes a greater percentage increase in

employment than in hours per worker if and only if

(wE(Et/Pt)—i-wN(l—(Et/Pt))) <¢Elh(1+a)/8> e

(wE_wN)Z(Et/Pt) et 1_+E 15?

> N E 1
- Eqp(te)/ 1 (R 1,(+e)/z
<1+ <<wE¢$)2(Et/Pf>) <¢ he €>) S ey

— (wE(Et/Pt) A (Et/Pt))> (4529 5 1
(0" —9™) (B/F)

3

Thus, the relative percent-wise response of hours per worker and employment to a
tax change is ultimately ambiguous. For example, consider a country with ¢ = 4,

E;/P, = 0.7 and suppose that h; = 2,080. Then,

((Wﬂ _ wN) 0.7+ wN) <¢E12,0801'25> ‘

(v" — M) 0.7 4
As P —1
" 9) 0T+ Y7 1.25
<(w(¢£ iN)ng ) (wE%Q,osol'%) = (%) y
As pF — VN
E N N
(w(w;zf iﬁ; 0+7¢ > (wEgz,ogol-%) S o

As ™ —1

(v" =9 0.7+ 4" g |
() (=) o

Hence, this particular example suggests that for v > 1/(2,080'?%/4), an increase
in (1 —7,) will cause a greater percentage increase in participation than hours per
worker as long as 1" is not particularly small. Of course, 1/ (2,080%%°/4) ~ 0. Hence,
the previous is virtually valid for all v > 0, which is indeed the assumption on this
parameter. Moreover, from earlier, imputed values for /¥ across countries are almost

entirely greater than 0.5. Therefore, the results suggest that in general it should be
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expected that any given change in the net of tax rate will cause greater percent

changes in participation than hours per worker, everything else held constant.

4.5.4 Average vs. Marginal Tax Rates

So far, we have assumed that wage income is taxed at a flat rate, making the marginal
tax rate on wage income equivalent to its respective average tax rate. However,
the true tax system is often a graduated tax schedule on personal income, where
the marginal tax rate increases with income. For simplicity, consider a graduated
schedule for wage income with two marginal tax rates, 7% and 77, where 75 > 74.
The lower rate 74, applies to the first W H; dollars of wage income earned and
W H, is the income cut off where the marginal rate changes, while 72 applies to
the next W(H — H;) dollars. Also, to isolate responses stemming from differences
in the average and marginal tax rates on wage income, we focus on the case where
7¢ = 7° = 7% = 0. The representative household’s budget constraint is now written

as,

(CtE + C’tjv) + It S Wth — WtHlTA + Rth + T;g

for H < Hy, and for H > H;
(CE+CN)+ I, < WyH, — Wy Hym* — Wy(H, — H)7% + RK, + T,.

Thus, a graduated tax on wage income induces a kink in the household’s bud-
get constraint. This means the household’s utility maximization problem is non-
differentiable at W H;. Nonetheless, the first-order conditions will remain valid for
each segment of the household’s problem. We focus on the maximization that occurs
on the segment where H > H;, as it highlights the household’s problem when the
marginal tax rate is not equivalent to the average tax rate.

Given that the average and marginal tax rates are no longer equivalent, we can

analyze the impact of the average tax rate on h and E/P holding the marginal tax
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rate fixed. The average tax rate 7 is defined as

= WtHlT? + Wt(Ht — H1>7'tB
t — VVth )

A with no

where 77 is the marginal tax rate for H > H,. If there is an increase in 7
subsequent change in 77, then for H > H;, this represents an increase in the average
tax rate with no change to the marginal tax rate. The household budget constraint

can be rewritten as
CEr N+ 1, <W,H,(1 -8+ W,H, (7% — ") + RK, + T,.

Given that W H, is constant, W H; (7% —74) is also constant. This means that changes
to the average tax rate that do not impact the marginal tax rate will have only a pure
income effect. For instance, a decrease to 7 will allow the household to increase total
consumption for a given amount of investment. Thus, the impact of the average tax
rate on h, and /P is realized through changes in consumption. Equations (4.18) and
(4.19) show that changes to consumption impact both changes to h and E/P where
an increase in consumption leads to a decrease in h and an increase E//P. Given
earlier derivations, a 1% increase in consumption will be consistent with a greater
percentage-wise increase participation than percent decrease in hours per worker if

and only if

L v g ) YN
(vF—u™) By (WP =),
>
N ( E~v (Hs)/a) ONYEP g (14e)/e

— F >y,

Thus, a decrease in 74, which in turn decreased 7, will lead to an overall increase
in H/P even though h falls, if the household planner places greater weight on the
utility of employed individuals than on that of non-employed individuals.

To analyze the impact of the marginal tax rate, suppose 7” decreased, while
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74 increased, keeping the average tax rate constant. This assumption allows us to

abstract from the additional income effect that would occur if the average tax rate had
also changed. Conditional on H > H;, the planner seeks to maximize the household’s
utility subject to the budget constraint with varying marginal rates. The new first

order condition for hours is,

o . H 1/5_ 5
tw’y E —)\t<1—Tt)Wt.

After taking first-order conditions for consumption and setting labor supply equiva-
lent to labor demand, we obtain a new hours per worker equation in terms of only

the marginal tax rate,

_ (VB AN (P - Ey) py(l—a) Y,
ht = B (1 — T ) - .
YUE v G
The equations used in the comparative statics above can be used to study the impact
of the marginal tax rate on h and FE/P, though replacing (1 — 7) with (1 — 75),
since we have assumed only wage taxes. The comparative statics illustrated that a

B (and thus an increase in (1 — 77)) will increase both h and E/P. .

decrease in T

Overall we find that a decrease in the average tax rate, holding the marginal
tax rate constant, increases the overall H/P ratio by increasing F/P more than the
fall in h when ¥ > ¢". A decrease in the marginal tax rate, holding the average
tax rate fixed, will increase both h and E/P. Although the relative magnitudes
of their responses is ambiguous, the overall effect will be a subsequent increase to
H/P. The sensitivity of h and E/P with respect to the average and marginal tax
rates depends on ¥ and ¥ because the household planning weights influence how

much additional disutility the household endures by increasing employment relative

to increasing hours per worker.
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4.6 Related Literature

Conceptually, the labor wedge discussed in this essay stems from the analysis in
Prescott (2004). Prescott seeks to explain differences in hours per population be-
tween the US and a set of European countries. Using aggregate data, Prescott de-
rives effective tax rates for a group of OECD countries between 1970 and 1974, and
also between 1993 and 1996. He then uses the first-order conditions derived from
a standard neoclassical model with taxes to generate data on hours per population.
Prescott argues that over his reference periods, cross-country differences in effective
tax rates can account for a considerable fraction of the level differences in hours per
population. However, he notes that the model predicts that in the US, H/P should
have gone down, when in reality this ratio has gone up. He suggests that this failure
of the model owes to the fact that the US experienced an increase in married women’s
labor force participation along with a flattening of the tax schedule during the 1980’s.
Thus, the marginal tax rate for large changes in income when moving to a two-earner
household was significantly higher in the earlier period compared to the later period
even though the calculated marginal tax rate used for predicting hours remained the
same.

Alesina et al. (2005) argue that the assumptions underpinning the model in
Prescott (2004) actually drive the results. In particular, they argue that the choice
of log utility function as well as an implied labor supply elasticity with respect to
the tax rate roughly equal to 3 are what allow for taxes to explain most of the
differences in labor hours across countries. Moreover, the authors suggest that an
omitted variable in Prescott’s analysis is cross-country differences in the degree of
unionization. Alesina et al. posit that in the absence of changes in market regulations
imposed by unions, changes in effective tax rates would not have affected hours
worked to the extent implied by Prescott (2004).

More recently, Ohanian et al. (2008) extend the analysis in Prescott (2004) by
studying a larger set of countries over a longer time frame and using a slightly different
functional form for utility. The analysis uses annual effective tax rates derived in

McDaniel (2007). This allows for a broad and detailed documentation of the long-
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run behavior of H/P, as well as extensive testing of the standard macroeconomic
model’s explanatory power. Ohanian et al. agree with Prescott in that augmenting
the neoclassical model with taxes can broadly account for changes within country
changes in H/P over time. This conclusion is robust to controlling for institutional
differences. However, Ohanian et al. note that for Canada and the US, model-
generated hours per population fail to match their empirical counterparts.

Shimer (2009) reviews literature on the labor wedge. A central point of Shimer’s
paper involves shifting attention from the trend to the cyclical behavior of the la-
bor wedge. In particular, Shimer notes the strong procyclicality of the US labor
wedge, and discusses possible explanations for this. As argued in Prescott (2004)
and Ohanian et al. (2008), part of the labor wedge can be accounted for by taxes.
Thus, Shimer notes that one potential explanation for the cyclical behavior of the
labor wedge could be cyclical fluctuations in taxes. However, Shimer argues that this
explanation is unreasonable, since it is inconsistent with actual tax policy, which on
average amounts to taxes being countercyclical. Instead, he suggests that a more
plausible explanation for these cyclical fluctuations may involve noncompetitive as-

pects of the labor market.

4.7 Conclusions

This essay re-examines the ability of the standard neoclassical macroeconomic model
augmented with taxes to match the trend behavior of hours per population across
countries. Past work has argued that by including taxes in the standard neoclassical
model, much of the long-run changes in hours per population both within and across
countries can be accounted for. However, two countries stand out as exceptions:
Canada and the US. We delve deeper into this puzzle and highlight that unlike most
other countries, over the last several decades Canada and the US both experienced
large changes in their employment-to-population ratios relative to changes in hours
per worker. We find compelling evidence that the failure of the standard neoclassical
model with taxes to predict hours per population in Canada and the US stems from

an inherent inability of the standard model to account for changes in the employment-
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to-population ratio.

After identifying the shortcomings of the standard model, we develop a model that
explicitly incorporates employment as a choice variable. In our model, a household
planner maximizes household utility, which is a weighted sum of all employed and
non-employed individuals’ utility. Our model incorporates a time-varying fixed cost
associated with employment, as well as a general non-employment disutility variable.

We define net employment disutility to be a weighted difference between the fixed
cost of employment and non-employment disutility. Net employment disutility enters
linearly into the household’s utility maximization problem. The household’s optimal
decision with regards to aggregate hours per population then involves a trade-off
between (linear) net employment disutility costs and (convex) costs associated with
work hours. This leads hours and employment to be substitutes with regards to net
employment disutility. In particular, an increase in net employment disutility induces
a decrease in employment and an increase in hours per worker.

We find that as the weight that the household places on the utility of employed in-
dividuals increases, the relative magnitude of changes in employment given a change
in net employment disutility also increases. Thus, when the household planner
weights employed individuals’ utility greater than that of non-employed individu-
als, given changes in net employment disutility the impact on hours per population
will be dominated by the response in employment. In other words, for a large enough
household planning weight on employed individuals, an increase in net employment
disutility will lead to a decrease in hours per population driven by a decrease in
employment. However, this decrease in hours per population is mitigated by the
associated increase in hours per worker. Net employment disutility can include any
number of costs that are relevant for an individual’s decision to work. Past studies
have found that the manner in which the government uses its revenue can have an
important impact on the incentive to work (Ragan (2006) and Rogerson (2007)).
For example, if the government were to subsidize child care, as is the case in cer-
tain Scandinavian countries, then there would be an increased incentive to substitute

home production with market work (Shimer (2009)). This lower cost of entering the
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work force can be interpreted as a decrease in net employment disutility, as it makes
working relatively more attractive.

We also analyze the effects of changes in the net-of-tax rate and find that the rela-
tive magnitude between the hours per worker response and the employment response
is ambiguous. However, both respond in the same direction and therefore have an
unambiguous impact on hours per population, which is that hours per population
move in the same direction as the net-of-tax rate. Additionally, we highlight the
model’s relevance as a tool for analyzing policy by exploring the differential impact
that changes in average tax rates versus marginal taxes can have on hours per popu-
lation. We find that a decrease in the average tax rate is consistent with a decrease
in hours per worker and an increase in the employment-to-population ratio. Simi-
larly to a change in net employment disutility, the dominating response will depend
on how the household weights the utility of employed individuals relative to that of
non-employed individuals. Thus, a decrease in the average tax rate could potentially
be associated with either an increase or decrease in hours per population. This find-
ing is particularly interesting in the case of the US, where between 1960 and 2006
- which is our sample period - there were large decreases in the average tax rate at
the same time that there were increases in hours per population. When viewing each
component of hours per population separately, as in Figure 4.6, hours per worker and
employment per population in the US behave as the model predicts, with hours per
worker falling while employment per population rises.

Finally, using our model and available data, we impute the weights that the
household places on the utility of employed and non-employed individuals and find
that the model yields accurate predictions for the trend behavior of hours per worker
across countries when applying approximately constant planning weights. We find
that, on average, the model best matches the data on hours per worker when the
household’s weight on the utility of employed individuals is between 0.5 and 1. In
terms of net employment disutility, our analysis suggests that over the time period
under consideration, trends in employment across countries require an average yearly

decline in this variable of approximately 0.7% in order to be rationalized given the
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trend behavior of other macroeconomic variables.

4.8 Data Sources and Summary Statistics

All data is at yearly frequency. Data on hours per worker H/E and employment
E are from The Groningen Growth and Development Centre. This data is used to
back out total hours H. Data on working-age population P is taken from the Source
OECD Database, and data on consumption C' and output Y are from the Penn World
tables. The McDaniel (2007) tax data is available at her website, and is derived using
similar methods as in Mendoza et al. (1994). All of the data we use is summarized in
Tables (4.0A) through (4.0G) over the period 1960-2006 for the 15 OECD for which
the McDaniel (2007) tax series is available.

Table 4.0.A: H/P summary statistics 1960-2006 Table 4.0.B: H/E summary statistics 1960-2006
Country Mean St. Dev. Min  Max Country Mean St. Dev. Min  Max
Australia 1226 36.57 1128 1283 Australia 1818 44.773 1751 1945
Austria 1253 181.91 1019 1605 Austria 1762 178.25 1495 2073
Belgium 1070 149.01 916 1389 Belgium 1802 194.15 1603 2289
Canada 1206 46.176 1125 1305 Canada 1858 82.562 1760 2040
Finland 1339 178.01 1051 1675 Finland 1868 115.31 1719 2074
France 1165 161.80 974 1416 France 1857 227.58 1532 2227
Germany 1131 187.35 910 1489 Germany 1736 224.57 1438 2163
Italy 1034 133.82 908 1420 Italy 1783 186.17 1590 2234
Japan 1474 82.08 1327 1648 Japan 2054 142.50 1786 2224
Netherlands 1077 108.94 944 1291 Netherlands 1680 228.67 1399 2135
Spain 1076 169.83 841 1296 Spain 1954 134.85 1737 2137
Sweden 1250 57.10 1177 1395 Sweden 1648 116.76 1508 1900
Switzerland 1409 105.51 1287 1616 Switzerland 1719 127.74 1551 1936
UK 1263 134.42 1111 1517 UK 1810 162.42 1614 2134
US 1266 57.38 1159 1375 US 1854 62.76 1782 1981
Table 4.0.C: E/P summary statistics 1960-2006 Table 4.0.D: Y/P summary statistics 1960-2006
Country Mean St. Dev. Min  Max Country Mean St. Dev.  Min Max
Australia 0.67 0.02 0.63 0.71 Australia 32269 8148 19429 49697
Austria 0.70 0.03 0.66  0.77 Austria 32351 9816 14925 48353
Belgium 0.59 0.02 0.54  0.62 Belgium 30970 9202 14802 47030
Canada 0.65 0.04 0.57 0.72 Canada 33540 7665 20811 49010
Finland 0.71 0.05 0.59 081 Finland 26785 8110 13961 42984
France 0.62 0.02 0.59  0.65 France 31117 8342 15438 44959
Germany 0.64 0.03 0.60  0.69 Germany 33398 8391 17778 47212
Italy 0.57 0.02 0.55  0.63 Italy 27679 8694 12497 41902
Japan 0.71 0.02 0.68  0.75 Japan 28541 10905 8613 43757
Netherlands  0.64 0.05 0.59 0.76 Netherlands 32723 8029 19486 47891
Spain 0.54 0.06 0.45 0.61 Spain 24291 7710 9235 38675
Sweden 0.76 0.04 0.71  0.83 Sweden 31442 7177 18253 45455
Switzerland ~ 0.81 0.03 0.76  0.87 Switzerland 42195 6839 27555 51676
UK 0.69 0.02 0.64 0.72 UK 28964 8086 17305 45697
UsS 0.68 0.04 062 0.74 UsS 41187 10705 24672 61156

134



Table 4.0.E: C'//P summary statistics 19602006 Table 4.0.F: C/Y summary statistics 1960-2006

Country Mean St. Dev.  Min Max Country Mean St. Dev. Min  Max
Australia 17881 3952 11428 26628 Australia 1.79 0.06 1.68 1.91
Austria 18684 5565 8541 26976 Austria 1.73 0.03 1.63 1.79
Belgium 16869 4804 8737 24531 Belgium 1.83 0.05 1.69 1.91
Canada 18906 3587 12848 26088 Canada 1.76 0.07 1.58 1.91
Finland 13129 3897 6790 20615 Finland 2.03 0.07 1.87 217
France 17589 4733 8651 25545 France 1.77 0.02 1.71 1.82
Germany 19695 5580 9595 28379 Germany 1.71 0.07 1.63 1.85
Italy 15476 5167 6156 23536 Italy 1.80 0.08 1.70  2.04
Japan 14585 5549 4904 22950 Japan 1.94 0.07 1.75  2.07
Netherlands 17378 3956 9832 24429 Netherlands  1.87 0.07 1.72 1.98
Spain 13798 4054 5672 21159 Spain 1.74 0.05 1.62 1.84
Sweden 16990 3216 10740 22841 Sweden 1.83 0.08 1.69 1.99
Switzerland 23828 3764 15734 29051 Switzerland 1.77 0.04 1.65 1.85
UK 17851 5639 10592 29735 UK 1.63 0.06 1.52 1.75
UsS 27739 7585 16325 42632 usS 1.49 0.03 1.42 1.56

Table 4.0.G: (1 — 7) summary statistics 1960-2006
Country Mean St. Dev. Min Max

Australia 0.77 0.04 0.73 0.84
Austria 0.54 0.06 0.47 0.67
Belgium 0.53 0.08 0.44 0.69
Canada 0.70 0.05 0.63 0.80
Finland 0.55 0.09 0.41 0.73
France 0.52 0.06 0.44 0.62
Germany 0.54 0.05 0.48 0.64
Ttaly 0.58 0.07 0.49 0.69
Japan 0.75 0.06 0.67 0.82
Netherlands  0.51 0.06 0.43 0.68
Spain 0.66 0.08 0.51 0.76
Sweden 0.48 0.08 0.37 0.68
Switzerland 0.79 0.04 0.73 0.86
UK 0.63 0.03 0.59 0.73
Us 0.74 0.02 0.71 0.79

4.9 Derivations

The following derivations are based on the assumption of constant planning weights
¥ and ", hence the lack of time subscript on these weights. Normalize all variables

by P, and let e, = E;/P,, and ¢; = Cy/P,. Let T'; denote net unemployment disutility
wf YPr — wiv D.
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First, consider

Fle,) = ¢E1L+Eh§1+5>/e — (" = 9N) (1 = In(c)) — T}
— dF(e,) = (wEght”‘f) dhy + (7 — ™) dln (¢,) — dI,
_ (wgh;/a) htdh_fit + (¢F — V) dIn (¢,) — dT,

_ (qugh,EHE)/E) dlog hy + (¢ — ™) dn (¢;) — Tydlog (T;)

Now, consider

N E
P =i () e (i)
=™ log (V) — N log (e + N (1 — ¢y))
— P log (47) + 4 log (¥Fe, + v (1 — 1))
— N (¥ — ") dey N PP (P — ") de,
PPer+9pN (1 —e)  vPe+ 9V (1—e)

(@)
- (@bEet + (1—e) e

o (¢E—¢N)2€t oo (¢
B (wEeterNu—et)) dlog (¢r).

= dF (e;) =

Combining the previous:

e+ (1 - e)
+ (¢E — ¢N) dln (¢;) — I'ydlog (T'y)

E N)2
( W —v') e )dlog(et): @Egh?*@/a)dloght

¢E€t + @DN (1 B et) Y €)/e
= dlog (e;) = ( (1— 1/)N)2et ) (¢Egh§1+ )/ ) dlog hy
E N1 _
(e
i
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E_ N2
where the implication follows from multiplying both sides by (%)

Now, consider

h, = (wet N (1 et)) ((1 ) (1—a) Yt)g/(lﬂ)

QZJEet 7 Ct
= log (hy) = log (Q/JEet + N (1- et)) — log (@/JE) — log (e;)
+ 1iglog(1—7t)+ 1i610g(1 — )
€
— 1——|—51 g (v) + log (Y;/C})
— dlog (hy) = (¢Eet +¢N 1= et)) de;
—dlog (e;) + Fdlog (1 —7¢) + ——dlog (Y;/Cy)

PPe, + N (1—e)

— dlog (e;) + %Hdlog (1—7¢) + %%dlog (Y;/Cy)
E N
— < (w _¢ )et ) _1) dlog(et)

wEet + VN (1—e

= ( (W -0 e > dlog (e:)

€ €
— leg (et) + 1—_|_€d10g (1 — Tt) + 1——|—€d10g (Yt/C’t)
_wN >
= dlog (e
(¢E€t+¢N(1 _€t> g( t)
€ €
+ 1—+€dlog (1—7¢)+ 1—+€dlog (Y:/C)

Therefore, the relevant two equations in the two "unknowns" dlog (e;) and dlog (h;)
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are

E N
dlog (¢;) = (w ety _et)> <¢Egh§”€>/€) dlog hy

(¢E—¢N)2€t
¢E€t+wN(1—€t) E N
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and

N
dlog (hy) = ( T va = et)) dlog (e1)

‘- i “dlog (1= 7)) + 7 _i ~dlog (Y,/C)).
(4.21)
Tnsert (4.21) in (4.20):
dlog (e;) = <¢E(Z E+ _7”2151)2_6?5)) (vF — ™) dIn(c)
st
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After rearranging and simplifying this yields
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1 —hy dlog(e;) = o ~ dln (¢
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Now, insert (4.20) in (4.21):

_ wN l/JEet + 1/)N (1 - et) EY ; (14e)/e
dlog (h;) = — <¢Eet+¢N(1—et)) ( Ve (zp I )dloght
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£ £
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+ 1
After simplifying and rearranging, this yields

(1 + ( il ihi”f)/E) dlog (hy) = — (#) dln (c;)
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4.11 Tables

Table 4.1
Country Y¥  Corr.
Austria 0.99 0.89
Australia 0.58 0.76
Belgium 0.60 0.95
Canada 0.81 0.78
Finland 0.47 0.87
France 0.86 0.98
Germany 0.99 0.96
Italy 0.99 0.96
Japan 0.82 0.86
Netherlands 0.27  0.93
Spain 0.88 0.87
Sweden 0.99 0.92
Switzerland 0.43 0.94

United Kingdom 0.99 0.95
United States 0.99 0.89

Mean 0.78 0.90
Table 4.2
Country vo — (WY /vf) Dy _EJP
Austria -0.89 -0.31
Australia -0.28 0.19
Belgium -1.01 0.01
Canada -0.35 0.51
Finland -0.51] -0.41
France -0.99 -0.03
Germany -1.15 -0.20
Ttaly -0.96 -0.03
Japan -0.62 0.01
Netherlands -1.21] 0.48
Spain -0.44 0.00
Sweden -0.47 0.02
Switzerland |-0.56] 0.06
United Kingdom -0.79 0.00
United States -0.25 0.28
Mean'® -0.68 0.04

15Means do not include data for Finland, the Netherlands, and Switzerland. See text for details.
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CHAPTER V

CONCLUSIONS

In this dissertation, I have examined several dimensions of macroeconomics linked
to labor economics. In particular, the first essay develops an understanding of the ef-
fects that worker-side heterogeneity regarding comparative advantage in production,
along with optimal job-seeking behavior, have on aggregate labor-market fluctuations.
I show that these worker-side factors can aid in accounting for the amplification of
productivity shocks in the aggregate vacancy-unemployment (V/U) ratio. Moreover,
slow-moving changes in expected vacancy-posting gains that stem from the pres-
ence of worker-side heterogeneity can help explain why, empirically, the V/U ratio
exhibits a stage of sluggish adjustment in response to changes in productivity. In
particular, in an expansion, endogenous changes in the composition of the pool of
individuals searching for any given type of job lead to a slow-moving improvement
in the firm-side probability of comparative advantage employment, which translates
into a slow-moving improvement in the expected gains from posting vacancies. Slug-
gish adjustment in the V/U ratio is a key feature of the data that the standard,
homogenous-agent model of equilibrium unemployment theory cannot account for.

The second essay - joint with Miles S. Kimball! - focuses on the paradoz of hard
work, which refers to the fact that, given enormous world-wide increases in consump-
tion, work hours have remained relatively trendless across countries. Given a low
elasticity of intertemporal substitution and income effects on labor supply being sub-
stantial, work hours should have in fact shown a significant decline. In principle, this
can be rationalized by an increasing marginal-wage to consumption ratio, something

that keeps the marginal utility of consumption high, or something that keeps the

! Miles is a Professor of Economics at the University of Michigan, Ann Arbor.
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marginal disutility of work low. We focus attention on the last of these explanations.
Economists have long understood that cross-sectional differences in on-the-job utility
at a particular time give rise to compensating differentials. The second essay develops
a theory that focuses on a less-studied topic: understanding the long-run macroeco-
nomic consequences of trends in on-the-job utility. Two main implications emerge.
First, secular improvements in on-the-job utility are such that it is possible for work
hours to remain approximately constant over time even if the income effect of higher
wages on labor supply exceeds the substitution effect of higher wages. Secondly, sec-
ular improvements in on-the-job utility can themselves be a substantial component of
the welfare gains from technological progress. These two implications are connected
by an identity: improvements in on-the-job utility that have a significant effect on
labor supply tend to have large welfare effects.

Finally, the third essay - joint with Shanthi P. Ramnath? - re-examines the ability
of the standard neoclassical macroeconomic model augmented with taxes to match
the trend behavior of hours per population across countries. Past work has ar-
gued that by including taxes in the standard neoclassical model, much of the long-
run changes in hours per population both within and across countries can be ac-
counted for. However, two countries stand out as exceptions: Canada and the US.
We delve deeper into this puzzle and highlight that unlike most other countries,
over the last several decades Canada and the US both experienced large changes in
their employment-to-population ratios (£/P) relative to changes in hours per worker
(H/E). We find compelling evidence that the failure of the standard neoclassical
model with taxes to predict hours per population in Canada and the US stems from
an inherent inability of the standard model to account for changes in E'/P. Therefore,
whenever F /P does not change much relative to H/FE, which has been the case for
most European countries, the empirical behavior of H/E and hours per population
(H/P) are virtually indistinguishable and the standard model gives the impression
of correctly predicting H/P. On the other hand, when E/P does change consid-
erably relative to H/E, as has been the case in Canada and the US over the last

2Shanthi is an Economist at the US Treasury. The views and opinions expressed in this essay do
not necessarily represent those of the US Treasury.
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several decades, the standard model implicitly reveals its limitations in predicting
E/P, which in turn inhibits its ability to accurately predict H/P. It follows that
E /P automatically becomes part of the labor wedge, which is the name given to the
residual that captures the extent to which the standard model’s predicted H/P do
not match up with their empirical counterparts.

Overall, this dissertation has contributed to developing a better understanding of
when heterogeneity matters for macroeconomic outcomes, of what factors can play an
important role in the determination of the relative trend behavior of work hours, and
also of what factors, in addition to taxes, can account for the labor wedge. Each of
these topics is representative of recent and ongoing research in the joint area of macro
and labor economics. Hence, the theoretical and empirical analyses carried out in
this dissertation jointly provide a natural contribution to the continued development

of these areas of research.
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