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Overview

The goal of this book is to consolidate and extend recent results on the role of search frictions
and wage rigidities in explaining the cyclical dynamics of labor markets. Since 2002, the year
that the working paper versions of Shimer (2005), Hall (2005), and Costain and Reiter (2008)
first circulated, there has been a profusion of research in this area, but the underlying question
is as old as macroeconomics: “why do employment and unemployment fluctuate so much at
business cycle frequencies?”

Lucas and Rapping’s theory of intertemporal substitution in labor supply is the starting
point for any modern analysis of employment fluctuations, including the Real Business Cycle
model and the New Keynesian model. The key assumption is that workers decide how much
to work at each point in time, taking as given the prevailing wage. To the extent that labor
supply is elastic, hours of work fluctuate with movements in the wage.

While models based on intertemporal substitution in labor supply are qualitatively con-
sistent with the movement of hours of work over the business cycle, they run into at least two
problems. First, a number of authors have argued that a labor-market clearing model cannot
explain the magnitude of the observed fluctuations in hours worked. In a frictionless environ-
ment, the marginal rate of substitution between consumption and leisure should be equal to
the marginal product of labor, after adjusting for labor and consumption taxes. When they
looked at data, Parkin (1988), Rotemberg and Woodford (1991) and (1999), Hall (1997),
Mulligan (2002), and Chari, Kehoe, and McGrattan (2007) found that this relationship does
not hold.

In Chapter 1, I reaffirm this finding, verifying that there is a wedge between the marginal
rate of substitution and the marginal product of labor, the labor wedge, and that wedge
varies cyclically. During almost every recession, the labor wedge increases sharply. From the
perspective of a frictionless model, there are two ways to interpret this finding: recessions may
be times when labor income taxes and consumption taxes rise, discouraging workers from
supplying labor; or they may be times when the disutility of work increases. In a reduced-
form model, both would dissuade workers from working, causing countercyclical increases in

the measured labor wedge. But unfortunately neither possibility is empirically tenable.



The second problem with the frictionless model is that, in an environment where workers
can decide how much to work at each point in time, it is possible to generate movements
in hours worked but impossible to generate unemployment, i.e. non-employed workers who
would like to work at the prevailing wage. This omission potentially has important impli-
cations for welfare, since a worker who cannot find a job at the prevailing wage but would
like to have one is, by revealed preference, worse off than if she simply chose not to work
at that wage. It potentially also has important consequences for the positive analysis of
business cycles, since most cyclical movements in the aggregate amount of hours worked are
accounted for by movements between employment and unemployment, not by movements in
hours worked by employed workers.

Equilibrium search and matching models provide an ideal laboratory for understanding
unemployment and have been used extensively for this purpose. The models build on the idea
that it takes workers time to find a job. Thus a worker entering the labor market or a worker
who loses her job necessarily experiences a spell of unemployment. Moreover, unemployed
workers are worse off than employed workers because they are unable to work until they find
a job. In this sense, search and matching provides a theory of unemployment, not just of
non-employment.

Search and matching models also often assume that firms must expend resources in order
to find a suitable worker. A matching function determines the number of workers and firms
that meet as a function of the unemployment rate and firms’ recruiting effort. Fluctuations
in the profitability of hiring a worker, possibly due to fluctuations in aggregate productivity,
induce fluctuations in recruiting. When firms recruit harder, unemployed workers find jobs
faster, pulling down the unemployment rate. Thus search and matching models naturally
generate movements in unemployment duration, an important component of the observed
fluctuations in unemployment at business cycle frequencies.

But the question remains whether search and matching models are quantitatively consis-
tent with the observed behavior of labor market outcomes. There is a good reason to expect
that they are not. Recall that a competitive labor market model cannot explain all of the
observed fluctuations in the labor wedge. Viewed through the lens of a frictionless model,
recessions look like periods when the labor wedge rises, reducing labor supply.

Now consider introducing a labor adjustment cost into a competitive model, making it
costly for firms to increase their employment level. This will directly lower the volatility
of employment. Firms will increase employment by less during expansions because hiring is
costly. They will also be less willing to reduce employment during recessions in order to avoid
future hiring costs, when desired employment returns to normal. Thus hours worked will tend

to be more stable over the business cycle when adjustment costs are larger. If real-world data



were generated by an economy with labor adjustment costs but an economist ignored the
existence of those costs, he would be surprised at how stable observed hours worked are over
the business cycle. Measuring the labor wedge with data generated by the economy, he would
conclude that the wedge rises during expansions and falls during recessions. This is exactly
the opposite of what we observe in the data.

But search frictions act, at least in part, like a labor adjustment cost, since they imply
that it takes unemployed workers time to find a job and it takes firms time to hire workers. If
this reduces the volatility of employment, the labor wedge will tend to be positively correlated
with employment. Such a model of search frictions will not be useful in explaining the cyclical
behavior of labor markets.

The bulk of this book confirms the thrust of this argument. Search frictions per se do
not help to explain fluctuations in the labor wedge, but rather they exacerbate the problems
of the frictionless model. However, I also find that subsidiary assumptions, especially alter-
native assumptions on wage setting, may help to explain why the measured labor wedge is
countercyclical and why employment is so volatile.

To understand this last statement, note that in matching models based on Pissarides
(1985) and Mortensen and Pissarides (1994), search frictions create a bilateral monopoly
situation between workers and firms. Workers and firms engage in time consuming search
for partners before negotiating a wage. Once they have sunk this cost, there is a range of
wages at which both prefer to match rather than breakup. Loosely speaking, each will agree
to any wage larger than the marginal rate of substitution between consumption and leisure
but smaller than the marginal product of labor, if the alternative is breaking up.

A critical question is how wages are determined. A common assumption in the search and
matching literature is that the worker and firm bargain over the gains from trade, splitting
the surplus according to the Nash bargaining solution (Nash, 1953). In Chapter 2, I prove
that under this wage-setting assumption, the wage, the marginal rate of substitution, and
the marginal product of labor are all proportional to current productivity under particular
assumptions on preferences (balanced growth and additive separability between consumption
and leisure) and under the assumption that output is produced using only labor. Productivity
shocks affect neither the labor wedge nor the (un)employment rate. This neutrality result
is inspired by Blanchard and Gali (2006), who reach a similar conclusion in a model where
firms face a labor adjustment cost.

In Chapter 3, I break this neutrality result in several ways. First, I allow for more
general preferences with substitutability between consumption and leisure. The resulting
fluctuations are minuscule. Second, I introduce capital into the model. While the resulting

framework generates cyclical movement in employment and the labor wedge, it is inconsistent



with the data. In particular, I verify that employment is positively correlated with the
measured labor wedge in the model, for the reason described above: search frictions dampen
fluctuations in employment, which viewed through the lens of the frictionless model suggests
that expansions are periods when labor tax rates are higher. Third, I consider other shocks,
for example reallocation shocks that change the probability of an employed worker becoming
unemployed. This has little effect on the results. I conclude that the (counterfactual) positive
comovement of the labor wedge and employment is a robust feature of search models when
wages are set via Nash bargaining.

Chapter 4 considers an alternative wage setting procedure that is no less plausible than
the Nash bargaining solution and has vastly different implications for the behavior of the
model. I assume wages are backward-looking. I find that this form of wage rigidity can
potentially explain why employment is so volatile even if the elasticity of labor supply is
relatively small. If wages do not fall following a negative productivity shock, firms will be
reluctant to hire workers, pushing up unemployment duration and the unemployment rate.

This type of wage rigidity is based on ideas developed by Hall (2005).! In a framework
similar to Shimer (2005), Hall shows that if wages are rigid, unemployment is extremely
sensitive to underlying shocks. He stresses that this type of wage rigidity is not susceptible
to the Barro (1977) critique. That is, no matched worker and firm would mutually prefer to
renegotiate their wage. Similarly, Blanchard and Gali (2006) consider a real wage rigidity
that makes the wage move less than one-for-one with the shock. Firms respond to relatively
low wages during booms by creating many new jobs, driving down the unemployment rate.
However, this also implies that part of the productivity increase is spent on additional job
creation. Consumption then increases by less than productivity, generating a countercyclical
labor wedge. Gertler and Trigari (forthcoming) reach a similar conclusion in a model with
overlapping wage contracts that are not contingent on the path of productivity shocks.

Chapter 5 briefly concludes by summarizing some recent related research and suggesting
the directions that future research on this topic may take.

[ intend for this book to provide a stand-alone treatment of search and matching models.
It should be suitable for advanced graduate students and other researchers familiar with
modern recursive methods, for example at the level of Ljungqvist and Sargent (2004). At the
same time, the book is far from exhaustive. I develop one particular model of search frictions,
integrating the search model with a standard real business cycle model. I focus exclusively
on business cycle issues, neglecting fascinating topics such as European unemployment that

many others have addressed using search models. I abstract from important (but difficult

1One may also think of this as a modern attempt to integrate search theory with disequilibrium macroe-
conomics (Barro and Grossman, 1971; Malinvaud, 1977; Benassy, 1982).



and controversial) issues like the role of incomplete markets in search models with aggregate
fluctuations (Bils, Yongsung, and Kim, 2007; Krusell, Mukoyama, and Sahin, 2007; Nakajima,
2008). Perhaps most importantly, I do not attempt to review the burgeoning literature on
the business cycle properties of search models, mentioning only a few papers from which 1
knowingly borrow ideas.? My excuse is that the scope of this project, originally conceived
to accompany three lectures at the Centre de Recerca en Economia Internacional (CREI),

prevents me from doing so.

2 A non-exhaustive reading list would certainly include Yashiv (2006), Krause and Lubik (2007), Mortensen
and Nagypdl (2007), Rudanko (forthcoming), Farmer and Hollenhorst (2006), Kennan (2006), Rotemberg
(2006), Rudanko (2008), and the papers collected in a special issue of the Scandinavian Journal of Economics
entitled “Macroeconomic Fluctuations and the Labor Market” (2007, volume 107, issue 4).






Chapter 1

The Labor Wedge

Throughout this book, I study the interaction of optimizing households and firms in a closed
economy. I begin in this chapter by developing a competitive, representative agent version
of the model. The chapter has two objectives. First, I introduce much of the notation that
I rely on throughout the book. Because of this, I include details in this chapter that are not
really necessary for the second, more substantive objective: I use the model to measure and
analyze the behavior of the labor wedge, the wedge between the marginal rate of substitution
between consumption and leisure and the marginal product of labor. I confirm the well-
known result that the labor wedge tends to rise during recessions, so the economy behaves
as if there is a countercyclical tax on labor. The remainder of the book explores whether
extending the model to incorporate labor market search frictions can explain the behavior of
the labor wedge.

[ start the chapter by laying out the essential features of the model: optimizing households,
optimizing firms, a government that sets taxes and spending, and equilibrium conditions that
link the various agents. In Section 1.2, I use pieces of the model to derive a static equation
that relates hours worked, the consumption-output ratio, and the labor wedge. Section 1.3
discusses how I measure the first two concepts and uses these measures to calculate the
implied behavior of the labor wedge in the United States. I establish the main substantive
result, that the labor wedge rose strongly during every recession since 1970. I establish the
robustness of my results to alternative specifications of preferences in Section 1.4 and discuss
the possibility that the results are driven by preference shocks in Section 1.5. I finish the
chapter with a brief discussion in Section 1.6 on the empirical relationship between the hours
fluctuations that I analyze here and fluctuations in employment and unemployment, which

is the main topic of subsequent chapters.
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1.1 Representative Agent Model

I denote time by t = 0,1,2,... and the state of the economy at time t by s,. Let st =
{s0, 51, ..., 5} denote the history of the economy and II(s") denote the time-0 belief about
the probability of observing an arbitrary history s* through time ¢. Exogenous variables like
aggregate productivity, government spending, and distortionary tax rates may depend on
the history s’. At date 0, there is an initial capital stock ky = k(s”) and an initial stock of
government debt by = b(s®). The capital stock is owned by firms, while households hold the
debt.

Household

A representative household is infinitely-lived and has preferences over history-s’ consumption
c(s') and history-s* hours of work h(s'). To start, I assume that preferences are ordered by

the utility function

ZZﬂtH(St) (logc(st) - 1f5h(st>¥) ’ (1.1)

t=0 st

where 5 € (0,1) is the discount factor, v > 0 measures the disutility of working, and, as
I show below, € > 0 is the Frisch (constant marginal utility of wealth) elasticity of labor
supply.

This formulation imposes that preferences are additively separable over time and across
states of the world. It also imposes that preferences are consistent with balanced growth—
doubling a household’s initial assets and its income in every state of the world doubles
its consumption but does not affect its labor supply. This is consistent with the absence
of a secular trend in hours worked per household, at least in the United States (Aguiar
and Hurst, 2007; Ramey and Francis, forthcoming). I maintain both of these assumptions
throughout this book. The formulation also imposes that the marginal utility of consumption
is independent of the worker’s leisure. This restriction is more questionable and so I relax it
in Section 1.4 below.

The household choose a sequence for consumption and hours of work to maximize utility

subject to a single lifetime budget constraint,

o

a0 =% qo(s") (e(s) — (1 — 7(s"))w(s")h(s") — T(s")). (1.2)

t=0 st

The household has initial assets ag = a(s"). In addition, 7(s?) is the labor income tax rate,

w(s') is the hourly wage rate, and T'(s") is a lump-sum transfer in history s’, all denominated
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in contemporaneous units of consumption.! Thus ¢—(1—7)wh—T represents consumption in
excess of after-tax labor income and transfers, which is discounted back to time 0 according to
the price go(s'). This then represents the cost at time 0 of purchasing one unit of consumption
in history s’, denominated in units of history-s® consumption. Put differently, qo(s') is the
history-s® price of an Arrow-Debreu security that pays one unit of consumption in history s’
and nothing otherwise.

Also define the assets of the household following history s’ as

a(s) = > als”)(c(s") = (1= r(s))w(s)h(s") = T(s")),

t'=t gt’ ‘St

where the notation s* |s* indicates that the summation is taken over histories s* that are con-
tinuation histories of st, i.e. s' = {s', 5,41, St42,...,5¢} for some states {s,41,Si42,...,5¢}.
Then ¢ (s") is the price of a unit of consumption in history s = {s', s;41, S92, . . ., s¢ } paid
in units of history-s' consumption. No arbitrage requires that go(s)g:(s'™) = go(s'!) for all
st and '™ = {s',s,,1}. Equivalently, the lifetime budget constraint implies a sequence of

intertemporal budget constraints,

a(s") + (1= 7(s)w(sHh(s") + T(s") = c(s") + > a(sa(s"™), (1.3)

8t+1|8t

so assets plus labor income plus transfers in history s’ is equal to consumption plus purchases

of assets in continuation histories st*+!.

Firm

The representative firm owns the capital stock ky = k(s°) and has access to a Cobb-Douglas
production function, producing gross output z(s!)k(s")*h?(s')1=* in history s’, where z(s') is
history-contingent total factor productivity,? h¢(s') is the labor it demands, and « € [0,1) is
the capital share of income. A fraction ¢ of the capital depreciates in production each period,
while at the end of period ¢, the firm purchases any capital that it plans to employ in period

t +1. That is, history-s* = {s’, s;,1} capital k(s**1) is purchased in history s and so must

1One can easily extend the model to include a consumption tax. Then 7(s') measures the total tax wedge,
the cost to an employer of providing its worker with one unit of the consumption good.

2Although I do not place explicit restrictions on the productivity process, I do assume that worker’s
expected utility is finite so her optimization problem is well-behaved. This is ensured if productivity is
bounded but is true under substantially weaker conditions, if productivity does not grow too fast.
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be measurable with respect to s'. The present value of the firm’s profits is then given by

T(°, ko) = Z > aols ( (s)h4(s)1= + (1 — 8)k(s") — k(sH!) — w(st)hd(st)>. (1.4)
t=0 st
Note that this expression presumes that the firm does not pay any taxes. I do this for
notational simplicity alone. In particular, any payroll taxes are rolled into the labor income
tax rate 7. The firm chooses the sequences hi(s') and k(s'™!) to maximize J.

I can also write the value of the firm’s profits from history s’ on as

J(s' k Z th ") ( V(") R(s ) 4 (1= 0)k(s") — k(s Fh) — w(st,)hd(st’))

=t gt

This implies the recursive equation

J(s' k(s") = 2(s)k(s")h(s") 7 4 (1 = 0)k(s") — k(s™) —w(s)h ( 9
+ Z Qt t+1 t+1 /{Z(St—l—l)). (1.5>

sttt

The value of a firm that starts history s' with capital k(s") comes from current production
2(s)k(s')*h?(st)1=*, minus the cost of investment k(s'™!) — (1 — §)k(s'), minus labor costs
w(s)hd(s?), plus the value of starting the following period in history s‘*! = {s?, 5,1} with
k({s**1}) units of capital.

Government

A government sets the path of taxes, transfers, and government debt to fund some spending
g(s"). T assume government spending is wasteful or at least is separable from consumption

and leisure in preferences. The government faces a budget constraint in any history s,

ZZ% (s Yw(s)h(s") — g(s") = T(s")), (1.6)

= st"st

so debt b(s') is equal to the present value of future tax receipts in excess of spending and

lump-sum transfers. Again, this is equivalent to a sequence of budget constraints of the form

b(s") + g(s') + T(s") = 7(s"w(s)h(s) + Y qu(sTb(s™), (1.7)

sttl|gst
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so initial debt plus current spending and transfers is equal to current tax revenue plus new

debt issues.

Equilibrium

An equilibrium consists of paths for consumption ¢(s'), labor supply h(s'), labor demand
hi(s), capital k(s'), assets a(s'), debt b(s!), taxes 7(s'), transfers T'(s'), government spending
g(s"), intertemporal prices go(s') and the wage rate w(s') such that: {c(s")}, {h(s")}, and
{a(s")} solve households’ utility maximization problem, maximizing equation (1.1) subject to
the budget constraint (equation 1.2) given {q(s")}, {w(s)}, {r(s")}, and {T'(s")}; {h¢(s!)}
and {k(s")} solve firms’ profit maximization problem in equation (1.4) given {qo(s")} and
{w(s")}; the government budget is balanced, so equation (1.6) holds; the labor market clears
in all histories, h(s') = h?(s'); the capital market clears in all histories, a(s*) = J(st, k(s?)) +

b(s'); and the goods market clears,
2(s)k(s") (') 7 + (1 = 0)k(s") = c(s") + g(s") + k(s'),

i.e. output plus undepreciated capital is equal to consumption plus government spending
plus next period’s capital stock. One can confirm that goods market clearing is implied by
the household budget constraint (equation 1.3), the firm’s value function (equation 1.5), the

government budget constraint (equation 1.7), and capital and labor market clearing.

1.2 Deriving the Labor Wedge

To see the implications of this model for the labor wedge, I focus on a subset of the equilibrium
conditions. First, consider the household’s choice of history-s! consumption and labor supply.

The first order conditions are

= Aqo(s") and (1.8)

BTI(s")yh(s")F = Ago(s") (1 = 7(s")w(s") (1.9)

where \ is the Lagrange multiplier on the budget constraint, equation (1.2). Note from the
second equation that a one percent increase in the after-tax wage (1 —7)w raises labor supply
h by e percent, holding fixed the Lagrange multiplier A\ and the intertemporal price go(s").
Thus ¢ is the Frisch elasticity of labor supply, a key parameter in this chapter. In any history
with positive probability, II(s*) > 0, eliminate Ago(s')/B'TI(s!) between these equations and
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solve for the wage:
1

w _ ve(sh)h(s")
w(s) = 1—7(st)

This states that the wage is equal to the tax-adjusted marginal rate of substitution between

(1.10)

consumption and leisure (MRS).

Next turn to the firm’s choice of history-s’ labor demand. From equation (1.4), the first

w(sh) = (1 - a)}fd((ss?), (1.11)

order condition is

where y(s') = z(s")k(s")*hd(s")1 = is the firm’s gross output. Equation (1.11) states that the
wage is equal to the marginal product of labor (MPL).
Eliminate the state-contingent wage between equations (1.10) and (1.11) and impose labor

market clearing, h%(s') = h(s'). Solving for 7(s') gives

1+e

7(sh) = 1= ——(e(s") /y(s)) h(s") E. (1.12)

11—«

This static equation explains how the tax rate 7 affects the consumption-output ratio ¢/y
and hours worked h. It is worth stressing that this relationship holds even though pro-
ductivity, government spending, and distortionary taxes may be time-varying or stochastic.
Expectations of these changes are all captured by the current consumption-output ratio.

For example, if productivity is currently below trend, the consumption-output ratio will
be high and, to the extent that labor supply is elastic, labor supply will be low. An increase
in government spending without a corresponding change in contemporaneous taxes will tend
to reduce the consumption-output ratio and raise hours worked in an offsetting manner.

Prescott (2004) uses a version of equation (1.12) to examine the effect of tax variation
over time and across countries on labor supply. More precisely, he uses a slightly different
functional form for preferences, with period utility function logec; + 7 1og(100 — h;), where
100 represents the available amount of time per week. He then calibrates v to match the
average number of hours worked across a broad set of countries, h ~ 20. With this functional
form, the Frisch elasticity of labor supply is 100/h — 1, or about 4 on average. My choice
of functional forms brings the issue of the elasticity of labor supply to the forefront of the
discussion.

In addition, I focus on a different implication of this equation. Under the hypothesis that
business cycle fluctuations are not primarily due to changes in taxes and transfers, I interpret
cyclical variation in 7(s') as the labor wedge, the wedge between the MRS and MPL. More
precisely, I measure hours and the consumption-output ratio at quarterly frequencies. By

making appropriate assumptions about the disutility of working =, the capital share o, and
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the Frisch elasticity of labor supply €, I back out the labor wedge from equation (1.12). This
approach builds upon a substantial body of research, including Parkin (1988), Rotemberg
and Woodford (1991) and (1999), Hall (1997), Mulligan (2002), and Chari, Kehoe, and
McGrattan (2007).

1.3 Measurement

To measure the labor wedge for the U.S. using equation (1.12), I need time series of the
consumption-output ratio and hours worked, as well as values for the parameters ¢, v, and
«. Nominal consumption and output data are available at quarterly frequencies from the
National Income and Product Accounts, Table 1.1.5. Output is Gross Domestic Product,
while consumption is personal consumption expenditures on nondurable goods and services.

I focus on the most comprehensive available series on hours, Prescott, Ueberfeldt, and
Cociuba’s (2008) measure of total hours worked relative to the noninstitutional population
ages 16 to 64, available quarterly since 1959. This series is based primarily on data originally
collected as part of the Current Population Survey (CPS), a monthly survey of households
that is used to construct the unemployment rate. Total hours is equal to the product of
the number of civilians at work and the average hours worked by a person at work,® plus
the number of military personnel, who are assumed to work for 40 hours per week. The
population is equal to the civilian noninstitutional population ages 16 to 64 plus the number
of military personnel.

I compare the results with those based on a measure of hours paid per adult in the civil-
ian noninstitutional population from the Current Employment Statistics (CES), a monthly
survey of business establishments.* The main drawback to this survey is that hours data are
unavailable for the government (and military) sector as well as for farm workers, proprietors,
unpaid family workers, and supervisors. In addition, the CES measures hours paid rather
than hours worked, and thus includes vacation time, sick days, and so on. This series is
available since 1964.

I also use an unpublished series for hours worked constructed by the Bureau of Labor

Statistics as part of the Major Sector Productivity and Costs program.® I again deflate this

3See http://www.bls.gov/cps/, series LNU02005053 and LNU02005054 for the monthly data since June
1976. Prescott, Ueberfeldt, and Cociuba (2008) obtained earlier data from Table A-24 of the BLS publication
Employment and Earnings. The authors have recently extended their dataset back to 1947. The results that
I report here are, if anything, stronger in this longer sample.

4See http://www.bls.gov/ces/, series CES0500000034.

5See http://www.bls.gov/Ipc/, series PRS84006033, for the business sector. The series I use augments
this with estimates of hours worked in the government sector. I am grateful to Simona Cociuba for providing
me with this data and clarifying the relationship between the different series for hours.


http://www.bls.gov/cps/
http://www.bls.gov/ces/
http://www.bls.gov/lpc/
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Figure 1.1: The U.S. labor wedge from equation (1.12) using the CPS measure of hours. The
solid blue line shows € = 4, the dashed red line shows € = 1, and the dotted green line shows
€= % In each case, I fix the remaining parameters to ensure that the average labor wedge
is 0.40. The gray bands show NBER recession dates.

series by the adult noninstitutional population. Although this measure relies primarily on
data from the CES, it also uses data from the CPS to estimate the hours worked by workers
who are not covered by the establishment survey. It also adjusts the CES data to convert
hours paid into hours worked. In principle the coverage of this series should be similar to
Prescott, Ueberfeldt, and Cociuba (2008).

Rather than take a stand on the Frisch labor supply elasticity ¢, I consider a range of
possible values and report three of them, ¢ = 0.5, 1, and 4. The lowest value is towards the
upper range of elasticities for prime age mens’ hours that many microeconomists consider
plausible; see Blundell and MaCurdy (1999). The highest value is in line with the elastici-
ties that macroeconomists frequently use in representative agent business cycle and growth
models. For each value of the elasticity, I set the ratio 7/(1 — «) so that the average labor
wedge is 0.4 from 1959 to 2007, consistent with the tax wedge that Prescott (2004) reports.
The results are similar if the average labor wedge is 0.3 or 0.5.

Figure 1.1 shows the implied behavior of the labor wedge using the CPS measure of
hours.. Two patterns stand out. First, there has been a trend decline in the labor wedge

since around 1980. Arguably this reflects underlying movements in labor and consumption
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Figure 1.2: Deviation of the labor wedge from log trend, HP filter with parameter 1600,
using the CPS measure of hours. The solid blue line shows € = 4, the dashed red line shows
e = 1, and the dotted green line shows ¢ = % In each case, I fix the remaining parameters
to ensure that the average labor wedge is 0.40. The gray bands show NBER recession dates.

taxes. Second, the labor wedge is countercyclical. I indicate NBER recession dates with
gray bands. Regardless of the elasticity of labor supply, the labor wedge rose during every
recession except the first, with more pronounced fluctuations when labor supply is less elastic.
This effect does not disappear even when labor supply is infinitely elastic.’

To emphasize this pattern, Figure 1.2 shows the difference between log 7 and its trend,
where I measure the trend using a Hodrick-Prescott filter with a standard smoothing param-
eter, 1600 for quarterly data. It is easy to see a sharp increase in the labor wedge during
every recession except in 1960. The magnitude of the implied cycles depends on the elasticity
of labor supply. For example, with € = 1, the period around the 1990 recession is associated
with a ten percent increase in the labor wedge relative to trend, while with € = 4, the increase
was almost six percent.” Higher values of the labor supply elasticity only slightly dampen

the implied fluctuations—even if the Frisch elasticity is infinite, the labor wedge rose by four

6Observe that the elasticity of labor supply enters equation (1.12) as (1 + €)/e. This means that an
elasticity of 4 and an infinite elasticity have nearly the same effect on the labor wedge.

"With € = 1, the labor wedge was five percent below trend in the third quarter of 1990 and rose to five
percent above trend by the second quarter of 1992. With € = 4, it rose from three percent below trend to
three percent above trend during the same period.
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Figure 1.3: Annual growth rate of the labor wedge using the CPS measure of hours. The
solid blue line shows € = 4, the dashed red line shows € = 1, and the dotted green line shows
€= % In each case, I fix the remaining parameters to ensure that the average labor wedge
is 0.40. The gray bands show NBER recession dates.

percent during this time period. Conversely, smaller values of the Frisch elasticity amplify
fluctuations in the labor wedge.

Figure 1.3 displays the same findings slightly differently, depicting the annual growth
rate of the labor wedge. Again, the labor wedge grew during every recession except the first
in 1960. The magnitude of fluctuations in the growth of the labor wedge depends on the
elasticity of labor supply.

Table 1.1 summarizes these results. The first row in the top panel shows the standard
deviation of the detrended labor wedge for four different labor supply elasticities while the
first column shows the standard deviation of the detrended consumption-output ratio and
detrended hours. When the elasticity is small, the labor wedge is four times more volatile
than hours and five times more volatile than the consumption-output ratio, while the rela-
tive volatilities of the labor wedge and hours are similar when the elasticity is large. The
remaining entries show the correlation between the labor wedge (for different elasticities) and
the consumption-output ratio and hours. The correlation with the consumption-output ratio
disappears when the elasticity is high enough, but the labor wedge is strongly negatively
correlated with hours, regardless of the elasticity of labor supply. The bottom panel shows
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labor wedge

detrended e=20.5 e=1 e=4 =00
s.d. 0.055 0.031 0.018 0.014
c/y 0.010 0.338 0.278 0.049 —-0.131

h 0.013 | —=0.795 —0.835 —0.745 —0.628

annual growth | ¢ = 0.5 e=1 e=4 e=00
s.d. 0.079  0.045  0.027  0.022
c/y 0.015 0.256  0.163 —0.088 —0.260

h 0.018 | =0.803 —0.835 —0.733 —0.617

Table 1.1: Comovement of the labor wedge, hours, consumption-output ratio for four different
values of the labor supply elasticity using the CPS measure of hours. In the top panel, all
series are detrended with an HP filter with parameter 1600. The bottom panel shows annual
growth rates.

the analogous results for the annual growth rate of the labor wedge, the consumption-output
ratio, and hours. They are quantitatively very similar. It looks as if hours growth is negative
when the labor income tax rate is rising, regardless of the elasticity of labor supply.

There are several different ways to understand these results. Viewed through the lens
of a model with a competitive labor market, fluctuations in the labor income tax rate drive
fluctuations in hours. If in reality the tax rate is constant, the model underpredicts fluc-
tuations in hours worked at business-cycle frequencies, given the observed time path of the
consumption-output ratio. This is an old critique of competitive models of the labor market:
such models can only explain part of the cyclical fluctuations in hours worked, particularly
when labor is supplied relatively inelastically.

Table 1.2 shows that the main conclusions hold with the alternative measures of hours.
I assume that the elasticity of labor supply is € = 1 and examine how alternative measures
of hours affect the behavior of the labor wedge. These other measures raise the volatility
of the labor wedge, and by more so than they raise the volatility of hours. In addition,
the correlation between the two series is, if anything, increased. I find similar results with
other values of the labor supply elasticity and so conclude that this result is robust to the
exact measure of hours. The competitive model cannot explain all of the movement in hours
relative to the consumption-output ratio if the labor income tax rate is constant.

One possible explanation for this pattern is that labor tax rates are in fact countercyclical.
This hypothesis has some supporters. For example, in a recent paper, Mertens and Ravn

(2008) measure tax shocks using the Romer and Romer (2007) narrative analysis of tax
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detrended | CPS  CES BLS
std. dev. h | 0.013 0.018 0.014
std. dev. 7| 0.031 0.049 0.035
correl. (h,7) | -0.835 -0.868 -0.883

annual growth | CPS CES  BLS
std. dev. h | 0.018 0.026 0.020
std. dev. 7 | 0.045 0.069 0.051
correl. (h,7) | -0.835 -0.872 -0.879

Table 1.2: Comovement of the labor wedge and hours with labor supply elasticity € = 1. In
the top panel, all series are detrended with an HP filter with parameter 1600. The bottom
panel shows annual growth rates. The first column uses the hour series from Prescott,
Ueberfeldt, and Cociuba (2008) from 1959 to 2007, constructed primarily from the CPS. The
second uses hours data from the CES from 1964 to 2007. The third uses unpublished hours
data constructed by the BLS to measure labor productivity from 1959 to the first quarter of
2006.

policy. They conclude that tax shocks account for 18 percent of the variance of output at
business cycle frequencies. Perhaps most provocatively, they find that the 1982 recession was
caused by workers’ anticipation of future tax cuts. Of course, I have shown that expectations
of future tax cuts may affect both the consumption-output ratio and the hours worked, but
not the labor wedge, so such behavior cannot easily explain the patterns in the data. In
any case, most economists seem to be skeptical that tax movements alone can explain the

observed variation in the labor wedge.

1.4 Alternative Specification of Preferences

A second possible explanation for the behavior of the labor wedge is that in this model
either the MRS or MPL is misspecified. The specification of the MPL depends only on
the assumption of a Cobb-Douglas aggregate production function. Macroeconomists are
justifiably reluctant to abandon that assumption because it ensures that the capital and
labor shares of national income as well as the interest rate are constant, consistent with the
Kaldor (1957) growth facts.

The specification of household preferences is also tightly constrained by long-run restric-
tions. Maintain the assumption that preferences are separable across time and states of the
world, but relax the assumption of additive separability between consumption and leisure.

To be consistent with balanced growth—the absence of a long-run trend in hours—and a
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constant Frisch elasticity, preferences over consumption and leisure must be ordered by

Sy ey OO T 2L (113)

t=0 st

As before, v > 0 parameterizes the disutility of work and € > 0 is the Frisch labor supply
elasticity. The new parameter o > 0 determines the substitutability between consumption
and leisure. The limit as 0 — 1 nests the separable case in equation (1.1). The case where
o > 1 is of particular interest, since this implies the marginal utility of consumption is higher
when households work more, consistent with standard models of time allocation (Becker,
1965). In any case, utility is increasing and concave in consumption and decreasing and
concave in hours of work.

With these preferences, the first order conditions for consumption and hours are

BT )e(s) ™7 (L4 (0 = D —h(s) %) = Aao(s),

aBTI(els!)' = (14 (o = 1) h(s) )"‘1mh<sf>% — Ago(s") (1 = 7(s"))w(s").

The Frisch demand system expresses consumption ¢(s') and hours h(s') as functions of the
Lagrange multiplier ), the intertemporal price ¢o(s), and the wage rate w(s'). Eliminating

c(s) between the first order conditions gives

1
i )‘QO(St) ; ¢ t
()t = () 1= (e
so the Frisch elasticity of labor supply, the elasticity of hours with respect to the wage holding
fixed the intertemporal price and the Lagrange multiplier, is in fact €. Moreover, eliminate
Aqo(s')/BTI(s") between the first order conditions to get

oye(st)h(st)z

'LU(S ) = (1 _ T(St))(l + (O’ — l)lL;h(St) 1i5)

whenever II(s') > 0. Eliminate the wage using equation (1.11) and impose market clearing,
h(s') = hi(st). This gives

) =1 - NN = (1.14)

(1—a)(1+ (o0 —1)2=h(s) )

This is a modest generalization of equation (1.12). Once again, one needs only to know
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Figure 1.4: The deviation of the labor wedge from log trend, HP filter with parameter 1600,
using equation (1.14) and the CPS measure of hours. The dashed red line shows ¢ = 1, the
dotted green line shows o = 2, and the solid blue line shows ¢ = 4. In each case I set ¢ =1
and o = 1/3 and fix the remaining parameter 7 to ensure that the average labor wedge is
0.40. The gray bands show NBER recession dates.

the consumption-output ratio, hours worked, and the value of four parameters in order to
compute the labor wedge.

To understand the quantitative implications of this expression, I use the hours series
from Prescott, Ueberfeldt, and Cociuba (2008). I fix the labor share at the conventional
value of 1 — @ = 2/3 and for different values of the substitutability parameter ¢ and the
elasticity of labor supply e, choose the disutility of work parameter v to ensure an average
labor wedge of 0.40. Figure 1.4 shows the time series behavior of the labor wedge with the
Frisch elasticity fixed at 1. The dashed red line corresponds to the limit as o converges to
1, the additively separable case that I analyzed before, while the remaining two lines show
o = 2 and 0 = 4. Raising the substitutability between consumption and leisure modestly
reduces the magnitude of fluctuations in the labor wedge but does not qualitatively change
the results. I do not show the results with a higher elasticity of labor supply, but they too
are similar.

Additionally, the microeconomic behavior of the model is unreasonable when ¢ is much

larger than 1. Consider the following thought experiment: two workers normally work and
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consume the same amount. One year, however, one is unable to work, for example because
of an idiosyncratic shock to the disutility of work v, while the other continues to work the
average number of hours that I observe in the data. With complete markets, the two workers
want to keep their marginal utility of consumption A equal through this episode. How much
lower is the consumption of the unemployed worker, ¢,, compared to the consumption of the

employed, ¢.? The first order condition for consumption implies

Ce

YE | 1te
=1+ (0—1 I
Cu (o )1+6

Y

where h is the number of hours worked by the employed worker. With ¢ = 1, consumption
is equal for the two workers. With ¢ = 1 and ¢ = 1.5, consumption falls by 13 log points for
the unemployed. With ¢ = 2, consumption should fall by 20 log points, and with ¢ = 4 it
should fall by 31 log points.

Are these numbers reasonable? Aguiar and Hurst (2005) provide some guidance. They
find that food consumption expenditures drop by about 17 percent at retirement, accom-
panied by a 53 percent increase in the time spent on food production. This is consistent
with values of ¢ in the range of 2. Much stronger substitutability is inconsistent with the
numbers in Aguiar and Hurst (2005) and do not resonate introspectively. In any case, even
with infinite substitutability between consumption and leisure, ¢ — oo, the results do not
change appreciably. With the labor supply elasticity fixed at ¢ = 1, the standard deviation
of the annual growth rate of the labor wedge is more than twice the corresponding number

for hours and the correlation between the two series is —0.76.

1.5 Preference Shocks

A third theoretical possibility is that the representative agent’s disutility of work, -, is
stochastic. This modifies equation (1.12) to read

v(s")
l1—«a

1+e

(e(s")/y(s))h(s") =,

(s =1-—

where 7(s') is the history-contingent disutility of work. Then an economist who ignored
variation in the disutility of work would falsely conclude that there are fluctuations in the
labor wedge, even if labor taxes are constant in the data and the model is otherwise correct.

Many recent quantitative macroeconomic models allow for such a preference shock. An
unobserved demand shock plays an important role in explaining aggregate fluctuations in

Rotemberg and Woodford (1997). They interpret the shock as a combination of a preference
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shock and a shock to government spending.® Erceg, Henderson, and Levin (2000) and Smets
and Wouters (2003) also have a quantitatively important preference shocks in their models
of monetary policy. More recently, Gali and Rabanal (2004) find that a preference shock
explains 57 percent of the variance of output and 70 percent of the variance of hours in their
estimated dynamic stochastic general equilibrium model.”

A closely related theoretical possibility is that workers have time-varying market power.
This is often formalized by assuming that each household is the monopoly supplier of a
heterogeneous type of labor and sets the wage to maximize its utility. Recessions are periods
when different types of labor are poor substitutes, so households are better able to exploit
their market power, reducing hours to drive up wages. A number of recent papers have
emphasized time-varying wage markups as an important source of business cycle shocks,
including Smets and Wouters (2003) and (2007). In Smets and Wouters (2007), the wage
markup shock accounts for twenty percent of the variance in output and over half the variance
in inflation at a ten-quarter horizon. Gali, Gertler, and Lépez-Salido (2007) also find an
important role for markup fluctuations, but reach a different conclusion. They argue that
some other, unspecified, primitive shock causes countercyclical fluctuations in markups, which
in turn generates a countercyclical labor wedge.

Like many economists, I have a strong prior belief that the changes in the disutility of
labor and changes in wage markups do not drive business cycle fluctuations.!® Although
households may differ in their disutility of work and the disutility may change over time
for some households, one would expect those movements to average out in a large economy.
Still, the empirical success of preference and markup shocks is revealing. They work because,
viewed through the lens of a market-clearing model, recessions look like times when workers
choose to supply less labor, and expansions like times when they choose to supply more labor,

than is predicted by the model.

8Unlike preference shocks, government spending can be measured and is not strongly correlated with the
labor wedge. In any case, the model I have developed here allows for government spending shocks, but these
do not affect the labor wedge equation.

9Galf and Rabanal (2004, p. 271) write that the preference shock can be “interpret[ed] more broadly as a
(real) demand shock.”

OFor example, Modigliani (1977, p. 6) writes “Sargent (1976) has attempted to remedy this fatal flaw
by hypothesizing that the persistent and large fluctuations in unemployment reflect merely corresponding
swings in the natural rate itself. In other words, what happened to the United States in the 1930’s was a
severe attack of contagious laziness! I can only say that, despite Sargent’s ingenuity, neither I nor, I expect,
most others at least of the nonmonetarists’ persuasion are quite ready yet to turn over the field of economic
fluctuations to the social psychologist.” Mankiw (1989, p. 82) writes “Alternatively, one could explain the
observed pattern without a procyclical real wage by positing that tastes for consumption relative to leisure
vary over time. Recessions are then periods of ‘chronic laziness.” As far as I know, no one has seriously
proposed this explanation of the business cycle.”
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Figure 1.5: Deviation of per capita hours and the e-pop ratio from log trend, HP filter with
parameter 1600. The solid blue line shows the deviation of hours from log trend and the
dashed red line shows the deviation of employment. The gray bands show NBER recession
dates.

1.6 From Hours to Unemployment

In the remainder of the book, I explore whether search and matching models, based on
Pissarides (1985) and Mortensen and Pissarides (1994), can help to explain the behavior of
the labor wedge. In doing so, I switch from a focus on the behavior of hours worked to a focus
on the behavior of employment and unemployment. This is because search costs introduce
a nonconvexity into households’ decision problem which emphasizes the binary decision of
whether to work, rather than the continuous decision of how many hours to work each
week. The data indicate that this focus is, for the most part, appropriate. Figure 1.5 shows
that the correlation between detrended employment-population (e-pop) ratio and detrended
hours per adult is 0.97 and detrended hours are only slightly more volatile than detrended
employment, with a relative standard deviation of 1.3.'' In words, most business cycle
frequency fluctuations in hours are accounted for by fluctuations in employment, rather than

fluctuations in the number of hours per employee.

1T compute hours per member of the non-institutional population aged 16 to 64 using the measure of
hours in Prescott, Ueberfeldt, and Cociuba (2008). I use their measure of employment as well, and divide by
the same population measure.
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Figure 1.6: Deviation of the e-pop and u-pop ratios from trend, HP filter with parameter
1600. The dashed red line shows the deviation of the e-pop ratio from trend and the solid
blue line shows the deviation of the u-pop ratio. The gray bands show NBER recession dates.

Like many search models, the book also focuses on the margin between employment and
unemployment, abstracting away from entry and exit from the labor force. Again, this is
empirically reasonable at business cycle frequencies. Figure 1.6 shows that the correlation
between the absolute deviation of the e-pop ratio from trend and the absolute deviation of
the unemployment-population (u-pop) ratio from trend is —0.90, with a relative standard
deviation of 1.4.'> When employment falls below trend, most of the workers show up as

unemployed, rather than dropping out of the labor force.

12T yse the standard Bureau of Labor Statistics measure of unemployment, based on the CPS.



Chapter 2

Benchmark Search Model

In this chapter I develop a benchmark search model. A representative firm allocates workers
between two activities, production and recruiting. Recruiters enable the firm to attract more
workers, while producers generate revenue by creating a consumption good. There is no
capital in the model, so production uses only labor. Employed workers are periodically hit
by shocks that leave them unemployed, while unemployed workers find jobs when they contact
a recruiter. Workers’ preferences are additively separable over time and between consumption
and leisure, and consistent with balanced growth. A government levies a labor income tax
and rebates the proceeds lump-sum to households. Finally, wages are set according to the
Nash bargaining solution.

I find that aggregate productivity shocks have no effect on employment or the labor wedge.
To understand why, suppose productivity is temporarily above trend and firms take advantage
of this by shifting workers into production. Since there is no capital, this necessarily raises
consumption. But workers would like to maintain smooth consumption, which puts downward
pressure on interest rates. This makes recruiting, a form of investment that is costly today
but generates revenue in the future, more profitable. With the particular assumption on
preferences, firms in fact find it optimal to maintain a constant division of labor between
recruiting and production. With a constant number of recruiters, employment is constant.
With a constant number of producers, the consumption-output ratio is constant. Thus the
model implies that the labor wedge, as measured in equation (1.12), should be constant as
well. The benchmark search model therefore is unable to explain the data that I discussed
in Chapter 1.

I start in Section 2.1 with a steady state version of the model in order to introduce the
environment and notation. Section 2.2 allows for productivity shocks, Section 2.3 establishes
conditions under which the equilibrium solves an associated planner’s problem, and Sec-

tion 2.4 shows that the neutrality result is robust to a number of generalizations, including

25
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a labor force participation margin and an endogenous choice of hours for employed workers.
Loosely speaking, if a version of the model without search frictions does not generate fluc-
tuations in employment or hours worked, search frictions will not explain why labor market
outcomes fluctuate cyclically. Thus this neutrality result is a natural extension of known

results in competitive business cycle models.

2.1 Steady State

There are three types of economic actors: households composed of many individuals who
consume, search for jobs, and supply labor in order to maximize expected utility subject
to a budget constraint; firms, which allocate workers between production and recruiting in
order to maximize the expected present value of profits; and a government, which taxes labor
earnings and rebates the proceeds to households lump-sum. There are two technologies, one
for matching unemployed workers seeking job openings to recruiters seeking workers and
another for producing the consumption good using labor.

Denote time by t = 0,1,2,... and assume for now that there are no shocks, so in the

notation of the previous chapter, I1(s') is degenerate.

2.1.1 Firms

A representative firm employs a measure ng workers at time 0. The firm has access to two
technologies. The first is a constant returns to scale production technology: each worker
who uses the technology produces z units of the consumption good per period. Let ¢; denote
the measure of producers, i.e. workers who use the production technology in period ¢. The
second is a constant returns to scale recruiting technology: a worker who uses the recruiting
technology in period t attracts an average of u(f;) unemployed workers to the firm at the
start of period t 4+ 1, where 6, is the ratio of the measure of recruiters to the measure of
unemployed workers in the aggregate economy, hereafter the recruiter-unemployment ratio.
Let v, denote the measure of recruiters, i.e. workers who use the recruiting technology in
period t.

vy 1(0;) represents the measure of new employment relationships, or matches, in the econ-
omy in period t. This is essentially a matching function (Pissarides, 1985), but the inputs into
matches are unemployed workers and recruiters, rather than unemployed workers and vacant
jobs. In particular, the matching function exhibits constant returns to scale and should be
increasing in both the measure of unemployed workers and the measure of vacancies. Thus

I assume g : RT — RT is continuous and nonincreasing with limg o u(6) = oco. It will be
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useful to define f(0) = Ou(f), which I argue below is the probability that an unemployed
worker finds a job. This is nondecreasing and concave, with f(0) = 0 and f(#) < 1 for all 6,
so in particular limg_, u(6) = 0.

The present value of the firm’s profits, discounted back to time-0 and indexed by the

initial firm size ng, is

J(0,n9) = Zqé (2l — we( + vy)), (2.1)

where ¢ is the price of one unit of consumption in date ¢, denominated in units of date 0
consumption and w; is the wage in units of the contemporaneous consumption good. The
firm can freely switch workers between production and recruiting, but total employment

n; = {; + vy is constrained by past recruiting. That is, ng is given, while in any period ¢ > 0,
N1 = vet(0) + (1 — x)ny, (2.2)

where z € (0,1) is the “employment exit probability,” i.e. the exogenous rate of job sepa-
rations. Note that since limg_o pu(f) = oo and p is continuous, u(6) > x for small . This
implies that a firm can always grow by putting enough of its workers into recruiting as long
as the recruiter-unemployment ratio is not too large. The firm chooses the sequences {/;}
and {v;} in order to maximize the present value of profits in equation (2.1), taking as given
the constraint on firm growth in equation (2.2), the initial level of employment ng, the path

of prices w; and ¢, and the path of the recruiter-une