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1. Introduction
Two frameworks dominate analyses of aggregate employment—frictionless models that
follow in the tradition of Kydland and Prescott (1982), and frictional models in the tradition of Mortensen and Pissarides (1994). While frictionless models necessarily imply that
changes in employment entirely reflect changes in desired labor supply (i.e., choice), the
simplest specifications of frictional models imply that changes in employment entirely
reflect changes in the probability of receiving an offer (i.e., chance). It seems clear that
both choice and chance influence individual employment outcomes in reality; that is,
at any point in time some individuals are not employed by choice, while others are not
employed by chance. There is good reason to believe that these two features have interesting interactions, in that the presence of frictions may attenuate the labor supply
responses in frictionless models, while the presence of an operative labor supply margin might similarly attenuate the effects of frictions. In this paper, we assess the relative
importance of these two forces in shaping aggregate steady state employment.
We carry out this analysis in the model of Krusell, Mukoyama, Rogerson, and
Şahin (2009). That paper built an empirically reasonable model that includes frictions
and an operative labor supply margin that exhibits plausible income and substitution
effects. In considering the implications of the model for labor market flows, we adopt a
more general view of unemployment than adopted by official statistical agencies. Specifically, we assign an individual to this state, which we refer to as generalized unemployment, if they are not working but answer yes to the question of whether they would like
to work at the market wage rate. This concept of unemployment arises naturally in our
model and can be connected to the data gathered by the Current Population Survey. Our
emphasis on the desire to work as opposed to active search for work is motivated both by
the work of Jones and Riddell (1999, 2006) regarding marginally attached workers—the
fact that active search seems to imply relatively little time use—and the fact that many
workers find jobs through friends and relatives.
We use this model to ask two simple questions about the forces that influence steady
state employment and unemployment. The first question is how changes in frictions affect aggregate steady state outcomes. In the simplest matching model, the level of frictions (captured by both the offer arrival rate and the separation rate) critically affects
the level of both aggregate employment and unemployment. We assess the extent to
which this is altered when one embeds the frictional model in a context where individuals also solve an empirically reasonable lifetime labor supply problem. Intuitively, if
employment opportunities are harder to come by (or jobs do not last very long), individuals can adjust lifetime labor supply by extending the length of employment spells
when employed or by accepting more employment opportunities when not employed.
In our calibrated model, we find that the increase in unemployment is very similar to
that implied by a simple matching model. In contrast, we find that labor supply responses greatly attenuate the direct effect of frictions on employment. Specifically, we
find that a decrease in the arrival rate of employment opportunities leads to a large increase in the unemployment rate, but only a small decrease in the employment rate.
We conclude that while the role of frictions for steady state aggregate unemployment
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seems robust to adding a nondegenerate labor supply decision, the impact of frictions
on steady state employment is significantly overstated in simple matching models. We
show that this same result holds in versions of the matching model in which match formation and match termination decisions are introduced. While these extensions add an
element of choice to the simplest matching model, we show that incorporating empirically reasonable income and substitution effects is of first order importance in assessing
the quantitative effects of frictions on employment.
Second, we use our model to assess the effects of increases in labor taxes used
to fund lump-sum transfers. This issue, recently examined in a frictionless model by
Prescott (2004), seems to be a simple and sharp example of how an operative labor supply margin influences steady state employment. We ask how these effects are altered by
the presence of reasonable frictions. We find that the employment effects are effectively
unchanged by the presence of frictions. This result holds not only for tax increases, but
also tax decreases, which is perhaps more interesting since it is more likely that frictions
will interfere with the desire to increase the fraction of time spent in employment.1 We
conclude that frictions do not seem to be of first order importance in the determination
of steady state employment. Interestingly, in our model with frictions, higher taxes lead
to both higher unemployment and higher nonparticipation, even holding the level of
frictions constant. So, although the aggregate effects on employment in our model are
effectively those found in the frictionless version of the model, the analysis shows that
there are also effects on both the level and nature of unemployment.
Our paper is related to many papers in the literature. Merz (1995) and Andolfatto
(1998) were the first to introduce frictions into an otherwise standard version of the
growth model. A key feature of these models is that employment is completely determined by frictions, just as in simple frictional models. The model in Alvarez and Veracierto (1999) is closer to ours, since it features both a standard labor–leisure choice and
frictions, but it cannot be calibrated to match worker flows since worker flows are indeterminate in their equilibrium. Moreover, they do not ask the question of how changes in
frictions affect steady state outcomes. Garibaldi and Wasmer (2005) developed a threestate model of the labor market that matches flows between the three states, but their
model assumes linear utility. Ljungqvist and Sargent (2006, 2008) considered models
that feature indivisible labor and frictions, but do not consider the impact of frictions on
aggregate employment. Low, Meghir, and Pistaferri (forthcoming) considered a model
with frictions and a nondegenerate labor supply decision. They considered a richer
model of frictions and income support programs, but their analysis is partial equilibrium and they address very different issues than we do.
An outline of the paper follows. Section 2 describes the model. Section 3 describes
the calibration of the model and presents the implications of the calibrated model for
labor market flows. Section 4 analyzes the effects of changes in frictions on steady state
outcomes in a simple matching model, while Section 5 considers the same issue in some
extensions of this model. Section 6 presents the results for analyzing tax and transfer
programs. Section 7 discusses robustness and Section 8 discusses some issues regarding
the nature of idiosyncratic shocks. Section 9 concludes.
1 A similar result was found in Krusell, Mukoyama, Rogerson, and Şahin (2008), but the calibrated model
in that paper was not consistent with worker flows.
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2. Model
The economy is basically that in Krusell et al. (2009).2 The model has two key features.
First, abstracting from frictions, it features a canonical dynamic model of labor supply in
a context that features idiosyncratic shocks and incomplete markets for both credit and
risk-sharing.3 As documented in Krusell et al. (2009), idiosyncratic shocks are an essential element in allowing the model to match the key features of labor market flows. While
we could carry out our analysis in the context of a model that assumed complete markets, we believe that the incomplete markets model has become a more useful benchmark for quantitative work in models that feature idiosyncratic shocks. The frictions that
we focus on are the two key frictions that characterize steady state labor market outcomes in almost any search and matching model: a job separation rate for employed
individuals and an offer arrival rate for nonemployed individuals. While our model is
somewhat minimalist, it seems a natural benchmark for an initial quantitative assessment of how frictions interact with labor supply.
The economy is populated by a continuum of workers with total mass equal to 1. All
workers have identical preferences over streams of consumption and time devoted to
work given by
∞


βt [log(ct ) − αet ]

t=0

where ct ≥ 0 is consumption in period t, et ∈ {0 1} is time devoted to work in period t,
0 < β < 1 is the discount factor, and α > 0 is the disutility of work. Our preference specification assumes offsetting income and substitution effects, which we think represents a
natural benchmark.4 Individuals are subject to idiosyncratic shocks that affect the static
payoffs of working relative to not working. While many shocks may have this property,
for example, shocks to market opportunities, shocks to home production opportunities,
health shocks, family shocks, preference shocks, . . . , we represent the net effect of all
of these shocks as a single shock and model it as a shock to the return to market work.
In particular, letting st denote the quantity of labor services that people contribute if
working, we assume an AR(1) stochastic process in logs,
log st+1 = ρ log st + εt+1 
2 The

model is essentially that of Krusell et al. (2009). One difference is that here we assume that a separated worker must spend at least one period out of employment. The earlier paper does not perform any
analysis of how frictions or taxes affect steady state outcomes. We also explore some alternative calibrations
here.
3 Several papers have recently analyzed labor supply in models with idiosyncratic shocks and incomplete
markets, including Floden and Linde (2001), Low (2005), Domeij and Floden (2006), Pijoan-Mas (2006),
and Chang and Kim (2006, 2007). Relative to these papers, the distinguishing feature of our model is the
presence of frictions.
4 The search and matching literature commonly assumes linear utility. Relative to the linear specification,
the key feature of our specification is a much more substantial income effect. To the extent that the balanced
growth specification is challenged by some microstudies, the issue is that the income effect is perhaps even
larger (see, for example, Hall (2009)).
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where the innovation εt is a mean zero normally distributed random variable with standard deviation σε . This process is the same for all workers, but realizations are independent and identically distributed (i.i.d.) across workers.
We formulate equilibrium recursively and focus solely on the steady state equilibrium. In each period there are markets for output, capital services, and labor services,
but there are no insurance markets, so individuals will (potentially) accumulate assets
to self-insure. We normalize the price of output to equal 1 in all periods, and let r and w
denote steady state rental rates for a unit of capital and a unit of labor services, respectively. If a worker with productivity s chooses to work, then he or she would contribute s
units of labor services and therefore earn ws in labor income. We assume that individual
capital holdings must be nonnegative or, equivalently, that individuals are not allowed
to borrow. There is a government that taxes labor income at constant rate τ and uses the
proceeds to finance a lump-sum transfer payment T subject to a period-by-period balanced budget constraint. In a later section, we also consider a stylized unemployment
insurance system. In steady state, the period budget equation for an individual with kt
units of capital and productivity st is given by
ct + kt+1 = rkt + (1 − τ)wst et + (1 − δ)kt + T
The production technology is described by a Cobb–Douglas aggregate production
function
Yt = Ktθ L1−θ

t
where Kt is aggregate input of capital services and Lt is aggregate input of labor services:

Kt = kit di

Lt =

eit sit di

Output can be used as either consumption or investment, and capital depreciates at
rate δ.
Frictions in the labor market are captured by two parameters, λw and σ, where λw
is the employment opportunity arrival rate and σ is the employment separation rate.
Specifically, we assume there are two islands which we label as the production island
and the leisure island. At the end of period t − 1, an individual is either on the production
island or on the leisure island, depending on whether he or she worked during the period. At the beginning of period t, each individual will observe the realizations of several
shocks. First, each worker receives a new realization for the value of his or her idiosyncratic productivity shock. Second, each individual on the production island observes the
realization of an i.i.d. separation shock: with probability σ, the individual is relocated to
the leisure island. At the same time, each individual who began the period on the leisure
island observes the realization of an i.i.d. employment opportunity shock: with probability λw , an individual is relocated to the production island. In terms of connecting our
model with the literature, it is intuitive to think of σ as the exogenous job separation
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rate and λw as the exogenous job arrival rate. Note that given our timing assumption, an
individual who suffers the σ shock will necessarily spend at least one period in nonemployment. Once the shocks have been realized, individuals make their labor supply and
consumption decisions, although only workers with an employment opportunity can
choose e = 1. An individual on the production island who chooses not to work will then
be relocated to the leisure island at the end of period t and will therefore not have the
opportunity to return to the production island until receiving a favorable employment
opportunity shock.
An individual’s state consists of his or her location at the time that the labor supply
decision needs to be made, the level of asset holdings, and productivity. Let W (k s) be
the maximum value for an individual who works and let N(k s) be the maximum value
for an individual who does not work given that he or she has productivity s and capital
holdings k. Define
V (k s) = max{W (k s) N(k s)}
The Bellman equations for W and N are given by


W (k s) = max log(c) − α + βEs [(1 − σ)V (k  s ) + σN(k  s )]
ck

s.t. c + k = rk + (1 − τ)ws + (1 − δ)k + T

c ≥ 0 k ≥ 0

and


N(k s) = max log(c) + βEs [λw V (k  s ) + (1 − λw )N(k  s )]
ck

s.t. c + k = rk + (1 − δ)k + T

c ≥ 0 k ≥ 0

3. Calibration
We calibrate the model as in Krusell et al. (2009), so we refer the reader to that paper for
a more detailed analysis and discussion of the calibration. A key aspect of the calibration procedure is to choose parameters so that the distribution of workers across states
and the flows of workers between states are similar to those in the U.S. economy. Official statistics divide nonemployed workers into the two categories of unemployed and
out of the labor force based primarily on how they answer a question regarding active
search in the previous 4 weeks. Krusell et al. (2009) argued that a different criterion is
more natural, and we use their criterion to assign the nonemployed into two mutually
exclusive groups. This assignment is based on how an individual responds to the question of whether they would like to work if work were available. The group who answers
yes to this question is larger than the group who is unemployed based on the standard
definition. We will refer to our categories as representing generalized notions of unemployment and nonparticipation: to remind the reader of this difference we will use E
to denote the employment state, U G to denote the generalized unemployment state,
and N G to denote the generalized not in the labor force state. To have a consistent definition in the model and the data, we use this same criterion to define generalized unemployment in the data. The generalized unemployment rate is somewhat larger than
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the official unemployment rate (8 4% versus 5 1%). We also compute flows among labor
market states based on our definitions of the three states. As a practical matter, it turns
out that this adjustment has very little effect on the transition probabilities.
An additional issue to address in calibrating the model concerns the population that
the model best captures. Our model has single agent households that live forever. In reality, people have finite lives and often live in multimember households. In Krusell et al.
(2009), we presented transition probabilities for different choices of the underlying population sample, and argued that the model’s ability to account for the flows is not particularly affected by the choice of the underlying population, although the fit is somewhat
better for males than females. We present results for calibrations based on two different population samples. For our benchmark calibration, we take a broad interpretation
of the model and use it to capture labor market flows of all individuals older than 16.
In Section 7, we consider a narrower interpretation, in which we calibrate the model to
flows for males aged 25–54, and show that our key conclusions hold for this alternative
calibration.
Having described how we will measure flows across states in the data and the model,
we now consider how to calibrate the model’s parameters. The model has nine parameters that need to be assigned: preference parameters β and α, production parameters θ
and δ, idiosyncratic shock parameters ρ and σε , frictional parameters σ and λw , and
the tax rate τ. The length of a period is set to 1 month. Because our model is a variation of the standard growth model, we can choose some of these parameter values using
the same procedure that is typically used to calibrate versions of the growth model. The
features of incomplete markets and uncertainty imply that we cannot derive analytic
expressions for the steady state, and so cannot isolate the connection between certain
parameters and target values. Nonetheless, it is still useful and intuitive to associate particular targets and parameter values. Specifically, given values for λw , σ, ρ, and σε , we
choose θ = 3 to target a capital share of 3, δ to achieve an investment to output ratio
equal to 2, and discount factor β to target an annual real rate of return on capital equal
to 4%. The other preference parameter α, which captures the disutility of working, is
set so that the steady state value of employment is equal to 633. This is the value of
the employment to population ratio for the population aged 16 and older for the period
1994–2006.5
The tax rate is set at τ = 30. Following the work of Mendoza, Razin, and Tesar (1994),
there are several papers which produce estimates of the average effective tax rate on
labor income across countries. Examples include Prescott (2004) and McDaniel (2006).
There are minor variations in methods across these studies, which do produce some
small differences in the estimates, and the value .30 is chosen as representative of these
estimates.6
5 We calibrate to values for

the period 1994–2006 because this is the period for which we have consistent
measures of labor market flows.
6 Note that Prescott (2004) made an adjustment to the average labor tax rate to arrive at a marginal tax
rate that is roughly 40%. For the purpose of computing the effect of changes in taxes, this adjustment plays
no role.
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It remains to choose values for λw , σ, ρ, and σε . We choose λw so that the steady
state generalized unemployment rate in our model (i.e., U G /(E + U G )) is equal to 084,
which is the average value for the generalized unemployment rate in the U.S. data for the
period 1994–2006. We choose σ to target the flow rate from employment to generalized
unemployment.
Krusell et al. (2009) showed that the ability of the model to account for the flows between states remains relatively constant for a wide range of values of ρ and σε . What
mattered most was that ρ was reasonably persistent (at least 5), but not too close to being a unit root (say less than 97), and that σε was not too small. In their benchmark calibration, they assumed ρ = 92 and σε = 21 expressed on an annual basis. These values
correspond to one set of estimates of idiosyncratic wage shocks for prime-aged working
males, as reported in Floden and Linde (2001). A key issue for our quantitative exercises
is the extent to which different specifications of the shock process influence our results,
despite having little impact on worker flows. It turns out that the results are relatively
unaffected by considering different calibrated values for ρ and σε , given that in each
case we recalibrate the remaining parameters to continue to hit the same targets. As a
result, we will only present results for this one set of values for ρ and σε . Table 1 shows
our calibrated parameter values. The labor market flows in our calibrated model and the
data are displayed in Table 2.
A major discrepancy has to do with the flow of workers from U G to N G . As discussed
in Krusell et al. (2009), this discrepancy is much less if we consider male workers aged
21–65 or 25–54 instead of the whole population, as we will see in our alternative calibration presented later. Additionally, assuming some survey response error that causes
spurious transitions between N G and U G also removes much of the discrepancy.7 While
there is room for additional improvements relative to this simple model, we feel that
the match is sufficiently close to justify using this model to revisit some basic questions
about the forces that shape steady state employment and unemployment.
Even accounting for survey response error as noted above, the flow rate from U G
to E is somewhat high relative to the data. If one is concerned about the calibrated level
of frictions being reasonable, this might be viewed as an important target. Krusell et al.
(2009) also presented an alternative calibration in which the flow rate from U G to E is
Table 1. Benchmark calibration.
Targets
I
Y

rK
Y

= 20,

E
P

= 3,

= 633,

UG
E+U G

= 084,

r − δ = 04,

E → U G = 021

Parameter Values
θ
30

δ

β

α

ρ

σε

λw

σ

τ

0067

9967

546

9931

1017

428

022

30

7 Survey response error also lowers the measured flow rate from U G to E since some of the people
counted in U G are actually in N G and therefore transition to E with much lower probability.
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Table 2. Flows in the model and data.
Adjusted U.S. 1994–2006

Model

To
From

E

UG

E
UG
NG

961
251
034

021
507
047

To
NG

From

E

UG

NG

018
242
919

E
UG
NG

947
400
033

021
535
044

032
065
923

targeted instead of the stock of U G . While we do not report any results for this alternative
calibration, we note here that all of the results presented below are effectively identical
for this alternative calibration.8
Although our calibration targets flows for the entire population, we can still contrast
outcomes across different subgroups of the population in our model. Of particular relevance is the distinction between individuals who vary in their degree of “attachment”
to the labor force. One simple measure of this in the model is the individual’s value of
the idiosyncratic shock s. In a frictionless version of our model with complete markets,
individuals would work when s is above some threshold. If we look at different parts
of the productivity distribution, we see very different behavior of individuals. In what
follows, we will contrast how behavior changes in the upper part of the productivity distribution with that of the overall population. Specifically, we will focus on the highest
42% of the distribution. In steady state, the breakdown of this group between the three
states E, U G , and N G , is 920, 056, and 024. The key feature of this group is that virtually
everyone in this group wants to work. We will see later on that this group exhibits very
different responses than the aggregate.
Because wealth accumulation is a key element in shaping labor supply responses of
individuals in our model, it is important to assess the extent to which the wealth distribution in our model is similar to that in the data. Table 3 shows the share of wealth held by
various groups in the population, both for our model and for the United States, as well
as the Gini coefficient. The values for the United States are taken from Budria Rodriguez,
Diaz-Gimenez, Quadrini, and Rios-Rull (2002).
Table 3. Share of wealth owned by various groups.

Model
Data

Gini

Top 1%

Top 5%

Top 10%

Top 20%

Top 40%

Top 60%

Top 80%

61
80

06
35

23
58

39
69

61
82

87
94

97
99

1 00
1 00

8 Alternatively, if we were to use a slightly smaller value of σ, our calibration procedure would produce a
much smaller value for the transition rate from U G to E, since the stock of workers in E is almost an order
of magnitude larger than the stock in U G .
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The basic message from Table 3 is similar to that found in previous analyses of this
type.9 In particular, the model does a reasonable job of capturing the wealth distribution
except for the concentration in the upper tail. Note that the presence of our transfer program improves the model’s ability to fit the lower part of the wealth distribution relative
to models without this feature. The Gini coefficient in the model is about three-quarters
as large as it is in the data. Although our model does not capture the existence of individuals like Bill Gates, given the very small size of this group, we believe this failure is not
particularly significant from the perspective of understanding aggregate labor supply.
4. Frictions and the steady state: I. A benchmark comparison
One of the defining features of the Pissarides matching model and its many variants
is that the level of frictions plays a key role in determining not only the level of aggregate unemployment, but also in determining the level of aggregate employment.10 Intuitively, labor supply considerations will attenuate the impact of changes in frictions on
aggregate employment. The reason for this is that if it becomes harder to find employment opportunities, then workers will be more willing to continue with a job opportunity once they find it or decide to accept employment at lower productivities. The goal
of this section is to explore the quantitative importance of these effects in our model
relative to standard frictional models.
We begin by exploring the impact of exogenous changes in the level of λw , that is, we
evaluate the impact on the steady state of an exogenous change in the level of frictions.
We are primarily interested in the extent to which the responses in our model are different than those that would emerge in a benchmark version of the Pissarides matching
model. In the simplest Pissarides model, the match separation rate is exogenous, but the
job offer arrival rate is endogenously determined by the volume of vacancy posting. In
this model, all job offers are accepted, so the job offer arrival rate is also the probability
that an unemployed worker becomes employed. If the match separation rate is σ and
the job offer arrival rate is λw , and we assume that a separated individual has to wait one
period before job offers start arriving, then the law of motion for the unemployment rate
is
ut+1 = (1 − λw )ut + σ(1 − ut )
It follows that the steady state employment rate is given by
ū =

σ
λw + σ

We set σ = 022 as in our benchmark calibration and then set λw so that the steady
state unemployment rate is equal to 084, which was the same target that we matched
9 See, for example, Krusell and Smith (1998), Budria Rodriguez et al. (2002), and Castaneda, Diaz-Jimenez,

and Rios-Rull (2003).
10 See Pissarides (2000) for a variety of models that have this property. In addition, see Krusell,
Mukoyama, and Şahin (forthcoming) and the references therein for models which feature curvature in preferences and asset accumulation.
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Table 4. Effect of λw on employment and generalized unemployment rates.
Our Model

λw = 6
λw = 428
λw = 2

Pissarides Model

E/P

U G /(U G + E)

63 5%
63 3%
62 2%

5 6%
8 4%
16 0%

λw = 34
λw = 24
λw = 11

E/P

U G /(U G + E)

93 9%
91 6%
83 6%

6 1%
8 4%
16 4%

in our calibration. The implied value of λw is 24. We will then consider equal proportional changes in the value of λw in the two models, that is, we increase or decrease λw
by the same percentage in the two models. Although the value of λw is endogenously
determined in the Pissarides model, we do not model the source of this change. Rather,
we focus simply on the consequences of such a change for employment and generalized
unemployment.
Table 4 shows the effects for the aggregate employment to population ratio (E/P)
and the unemployment rate in the two models, for our benchmark calibration. We emphasize that the predictions of our model are very similar for different values of ρ and
σε , and for the alternative calibration procedure in which λw is targeted to match the E
to U G flow. In the interest of space, we only report results for the benchmark calibration,
as shown in Table 4.
In reading Table 4, each row represents the same percentage change in λw relative
to the two benchmark calibrations, which by construction each have the same unemployment rate. A striking result emerges. If one looks at the responses on generalized
unemployment rates, one observes that the effects are very similar across the two different models, especially for the case of decreases in λw . Moreover, the effects are large:
when λw is decreased from the benchmark setting to the lowest value in the table, the
generalized unemployment rate roughly doubles in both cases. But when one looks at
the employment to population ratio responses, one sees dramatic differences. In the
Pissarides model, changes in the generalized unemployment rate and changes in the
employment to population ratio are necessarily mirror images of each other since, by
construction, all workers are in the labor force. Hence, the Pissarides model also predicts large employment responses as a result of changes in λw . In sharp contrast, our
model predicts very small changes in employment to population ratios. The change in
the employment to population ratio in our model is only about one-seventh as large
as the change in the Pissarides model. For example, when moving from the benchmark
specification to the lowest value of λw in the table, the employment to population ratio
decreases by 8 percentage points in the Pissarides model, but only slightly more than 1
percentage point in our model.
To see why the two models give such different employment responses, it is instructive to examine the durations of employment and generalized unemployment spells,
shown in Table 5. In both models, a decrease in λw leads to an increase in the duration of generalized unemployment. The proportional changes are very similar in the two
models, but the changes in employment durations are very different. In the Pissarides
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Table 5. Effect of λw on spell durations.
Our Model

λw = 6
λw = 428
λw = 2

Pissarides Model

E

UG

17 3
18 9
23 8

16
22
42

λw = 34
λw = 24
λw = 11

E

UG

45 5
45 5
45 5

30
42
89

model, a decrease in λw has no effect on the duration of employment spells. In contrast,
in our model, the duration of employment spells increases significantly in response to
decreases in λw . For example, in moving from the benchmark value of λw to the lowest value in the table, the duration of employment in our model increases by more than
one-quarter.
Another way to present this information is to see how the transition matrix across the
three states is affected. Table 6 shows the transition matrices for the original calibration
(λw = 428) and the lower value of 2.
Most of the changes are relatively small, with the exception of the flow from U G to E
and U G to U G . Consistent with the previously described patterns, there is slight decrease
in the flow from E to N G with a corresponding increase in the transition rate from E to E.
It is also useful to see how frictions affect the decision rules in the benchmark model.
In steady state, each productivity level is associated with a threshold level for assets,
such that the worker desires to works if assets are below this level and does not desire to
work if assets are above this level. As productivity increases, so does the threshold value.
Figure 1 shows the contour of reservation values and how it shifts as frictions change.
As frictions become larger, that is, as λw decreases, the asset threshold becomes
smaller for any given level of productivity. Finally, it is instructive to examine how the
distribution of employment across productivity states is influenced by changes in λw .
Figure 2 plots employment to population ratio at each productivity level for various values of λw . As frictions increase, some employment is shifted from the right tail to the left
tail. Intuitively, if there are no frictions, then all workers with sufficiently high productivity will work, but in the presence of frictions, some of these workers are not able to work
because they do not have an employment opportunity. It is interesting to note that even
for a very large change in frictions, the increase in mass at the bottom of the productivity
Table 6. Transition rates for different levels of frictions.
λw = 428

λw = 20
To

From

E

UG

E
UG
NG

947
400
033

021
535
044

To
NG

From

E

UG

NG

032
065
923

E
UG
NG

958
190
014

022
759
058

021
051
928
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Figure 1. Effect of frictions on the employment decision rule.

distribution is quite small, and it remains true that the lowest productivity workers do
not work at all.11
It is also of interest to contrast outcomes for the sample of high productivity individuals that we described earlier with those for the aggregates shown in Table 4. Table 7
shows the results for this group.
The interesting result that emerges is that this group responds very much like the
aggregates from the Pissarides model. In particular, for this group, the responses in E
and U G are close to mirror images of each other. This suggests that while the Pissarides

Figure 2. Frictions and employment to population ratios.
11 It is important to keep in mind that our model includes a government transfer program, so that individuals do receive some income even when not working.
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Quantitative Economics 1 (2010)

Table 7. Effect of λw .
High Productivity

λw = 6
λw = 428
λw = 2

E/P

U/(U + E)

93 1%
92 0%
87 6%

3 9%
5 6%
11 3%

model is an appropriate model for describing what happens to steady state outcomes for
a particular subgroup of the population, it is not appropriate for understanding changes
at a more aggregate level.
We can also repeat the above analysis to examine how the two different models respond to exogenous changes in σ, the separation shock. Proceeding as above, Table 8
presents the effects on employment and generalized unemployment.12 The results are
very similar to those found for changes in λw . Changes in generalized unemployment
rates in response to changes in σ are about one half as large in our model as in the Pissarides model and the employment response is again only about one-seventh as large
in our model as in the Pissarides model. Table 9 shows that the reason for the large differences in employment rate responses has to do with a labor supply effect that produces offsetting changes in employment durations. In the Pissarides model, changes
in σ lead mechanically to changes in employment duration. The implication is that the
large changes in σ are associated with large and proportional changes in employment
duration. In contrast, in our model, decreases in σ lead to what, in comparison, are only
Table 8. Effect of σ on employment and generalized unemployment rates.
Our Model
E/P
σ = 01
σ = 022
σ = 03

Pissarides Model

U G /(U G

63 9%
63 3%
62 9%

+ E)

6 2%
8 4%
9 9%

E/P

U G /(U G + E)

96 0%
91 6%
88 9%

4 0%
8 4%
11 1%

Table 9. Effect of σ on spell durations.
Our Model

σ = 01
σ = 022
σ = 03

Pissarides Model

E

UG

E

UG

23 9
18 9
16 6

21
21
22

100 0
45 5
33 3

42
42
42

12 Because the values of σ are the same in the two benchmark economies, we now consider equal changes
in the two economies.
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very moderate increases in employment duration. This is due to a labor supply response.
When σ is high, it is less likely that an individual has an employment opportunity in any
given period, and as a result they respond by being willing to work at lower productivity levels. This in turn implies less “voluntary” separations. But when σ decreases, the
reverse is true, and individuals become choosier about when to work, leading to more
voluntary separations.
To close this section we think it is important to emphasize the important role of asset accumulation in generating the above results. In particular, adding curvature to the
utility function is not sufficient for capturing the effects that we are stressing. To see
this, note that without asset accumulation, the individual’s desire to work would depend purely on the level of the idiosyncratic shock and, in particular, not on the level
of frictions. Frictions would merely influence the probability of working conditional on
wanting to work. Because of this, there is no labor supply response due to a change in
frictions, and the key results we stress would disappear.
5. Frictions and the steady state: II. Extensions
One of the key findings in the previous section was that labor supply responses greatly
attenuate the effect of frictions on steady state employment. Readers familiar with the
matching literature might reasonably argue that this result is heavily influenced by our
choice of the benchmark model. In particular, a key feature of the benchmark model is
that given the level of frictions, there are no other margins of adjustment that work to
at least partially offset the effect of frictions. While this is a property of the benchmark
model, simple and popular extensions of this model, including those in Pissarides (1985)
and Mortensen and Pissarides (1994), do include an additional choice margin that might
play the same role as the labor supply channel in our model.
In Pissarides (1985), when a meeting between a worker and a firm occurs, the pair
receives a random draw of a permanent match quality. The optimal decision about
whether to form a match is characterized by a reservation rule, that is, proceed with
forming the match if the draw for match quality is above some threshold. In this setting, steady state employment will depend on both the level of frictions and the reservation value. Intuitively, if frictions become more severe, workers will become less choosy
about which matches to form, thereby giving rise to a force that can at least partially
offset the direct effect of more severe frictions.
Similarly, in Mortensen and Pissarides, all matches start at the same high level for
match quality, but this quality subsequently evolves stochastically. In this setting a key
decision is when to terminate a match, which under fairly standard conditions will again
be characterized by a reservation rule. In this setting an increase in frictions can lead to
a lower reservation value, implying that match terminations will decrease. Once again,
this creates an opposing effect on steady state employment relative to the direct effect.
The question that we ask in this section is whether our finding about the quantitative
importance of the labor supply channel for employment responses remains when we
compare our model with either of these extensions. We note at the outset that although
one naturally expects these extensions to lessen the difference between our model and
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the benchmark Pissarides model, there is good reason to think that a significant difference will remain. This is due to the specification of linear utility in the matching literature. In a standard model of labor supply, including the model we are using in this
paper, when a worker decreases the fraction of life spent in employment, average consumption decreases, which in turn increases the marginal utility of consumption and
creates an incentive for the individual to increase the fraction of time spent in employment. In contrast, a decrease in average consumption in a model with linear utility does
not increase the marginal utility of consumption and, therefore, does not contain this
force leading to higher employment.
In fact, we will find that our labor supply channel is a substantially more powerful
offsetting force than the margins present in either of these extensions. We conclude that
to assess the quantitative effects of frictions on steady state employment, it is important
to not only have the presence of labor supply margins, but also that the labor supply
decision exhibit reasonable income and substitution effects. We proceed to describe in
more detail each of the two extensions described above.
5.1 Extension 1: Adding a match formation decision
In this subsection we analyze an extension to incorporate match quality. In the spirit of
our earlier calculation, we consider a continuum of workers, each of whom solves the
same decision theoretic problem with the following features. Preferences are given by
∞


βt [ct − bht ]

t=0

where ct is consumption in period t and ht ∈ {0 1} is time devoted to work. If the individual begins period t not employed, then he or she will receive a job offer with probability λw . Conditional on receiving a job offer, the wage associated with this offer is a
random draw from the distribution with cumulative distribution function (c.d.f.) F(w).
The wage associated with this job will remain fixed for the duration of the match. If the
worker decides to accept the offer, he or she will begin the job in the same period as the
offer was made. As in our earlier models, any match that existed in period t − 1 ends with
probability σ at the beginning of period t. The individual who lost a job has to wait one
period before he or she starts receiving job offers with probability λw . Consumption in
each period is equal to labor earnings. Letting V (w) be the value of employment at wage
w and letting U be the value of being unemployed, the Bellman equations are
V (w) = w − b + β[(1 − σ)V (w) + σU]
and




U = β (1 − λw )U + λw max(V (w) U) dF(w)

It is easy to show that the optimal job acceptance decision for this worker is characterized by a reservation wage, which we denote by w∗ . One can also show that decreases in
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λw or increases in σ lead to decreases in the reservation wage. The equation that governs
the dynamics of the employment rate, et , is
et+1 = (1 − σ)et + λw (1 − F(w∗ ))(1 − et )
We focus on the steady state behavior of the unit mass of workers that each solve
this problem, and in particular will ask how changes in the two frictional parameters λw
and σ affect steady state employment. For our numerical calculations, we consider a
period to be a month, and set the values of β, λw , and σ to be the same as in our calibrated model. An important consideration in comparing results across models is that
one might expect the shape of the distribution to affect the results, in particular in the
vicinity of the reservation wage. With this in mind, we calibrate this model so that the
c.d.f. F(w) is the same as the c.d.f. for the stationary distribution of the idiosyncratic
shock process from our calibrated model. We then choose the value of b so that the
steady state employment rate is the same as in our calibrated model, that is, equal to
633.13 These last two choices imply that the distribution of wages is the same in the two
settings and that at least in an average sense, the marginal decision is in the same place
in the distribution.14
5.2 Extension 2: Adding a match termination decision
The second extension is in the spirit of Mortensen and Pissarides (1994). Preferences are
the same as in Extension 1. As in Extension 1, we continue to assume that if a worker receives an offer, the wage is drawn from a distribution with c.d.f. F(w). However, if the job
is accepted, it will evolve stochastically in future periods, according to an AR(1) process,
log wt+1 = ρ log wt + εt+1 
where ε is an i.i.d. normally distributed random variable with mean zero and standard
deviation σε . The timing is as follows. For any worker who was employed in period t − 1,
at the beginning of t he or she is subject to a separation that occurs with probability σ.
If a separation does not occur, a new draw for ε is realized, at which point the worker
decides whether to continue with the job. If not, he or she separates. A worker who experienced a separation has to wait one period before he or she starts receiving new job
offers. The arrival probability of job offers is λw . Letting G(w |w) denote the c.d.f. for
next period’s wage given that this period’s wage is equal to w, which is implied by the
stochastic process for wages on the job, the Bellman equations are



V (w) = w − b + β (1 − σ) max(V (w ) U) dG(w |w) + σU
13 We solve the model using value function iteration. We use a grid with 10,000 points on w on the interval

[−2σw  2σw ], where σw is the standard deviation of the distribution described by F(w), and apply Tauchen’s
(1986) method for the discrete approximation.
14 This cannot hold exactly, since employment decisions in our model are determined by both productivity and assets.
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and

U = β (1 − λw )U + λw




max(V (w) U) dF(w)

The optimal search strategy for this individual will be described by a single reservation wage, which is relevant both for which new offers to accept and for which jobs to
separate from. We again denote the reservation wage by w∗ .
Denote the measure of employed workers over wages by Mt (w). Then the law of motion for the employment rate in this model is described by

et+1 = (1 − σ) (1 − G(w∗ |w)) dMt (w)
+ λw (1 − F(w∗ ))(1 − et )
The evolution of Mt (w) is described by
Mt+1 (w ) = λw (1 − et ) max(F(w ) − F(w∗ ) 0)

+ (1 − σ) max(G(w |w) − G(w∗ |w) 0) dMt (w)
We calibrate this model in a similar fashion. In particular, we set β, λw , and σ as
before. We choose the parameters ρ and σε that describe the stochastic evolution of
wages on the job to be the same as those in our original calibration and we choose the
c.d.f. F(w) to correspond to that of the stationary distribution of the stochastic process
on wages. We then choose b so that the steady state employment rate is equal to 633.15
5.3 Results
We now consider the effects of changes in frictions on steady state employment.16 Table 10 contains results for changes in λw . The second column repeats the results for our
model that also appeared in Table 4. The next two columns reports results for the two
extensions just described. The final column shows results for the benchmark Pissarides
model used in the previous section, except that we have now calibrated λw in this model
so as to give a steady state employment rate of 633.17
We begin by comparing the employment effects associated with a decrease in λw ,
from the benchmark value of 428 to the value of 2. In our model, the drop in steady state
employment is 1 1, while the corresponding numbers for Extension 1, Extension 2, and
15 Once again, we solve the model using value function iteration. We use a grid with 240 values for w on
the interval [−2σw  2σw ] and apply Tauchen’s (1986) method for the discrete approximation of F(w) and
G(w |w). The computation of the steady state e is more involved: we iterate over the descretized measures
Mt (w) and et using their transition equations until they converged.
16 The effects on generalized unemployment in our model are the same as those reported earlier, so we
do not repeat them. For the other models, all nonemployed workers are unemployed by standard interpretations.
17 As we move from row to row, we adjust the value of λ for this specification proportionately. Moving
w
from the first row to the third row, the values of λw for the Pissarides model are 053, 038, and 018.
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Table 10. Effect of λw on steady state employment.

λw = 6
λw = 428
λw = 2

Our Model
E/P

Extension 1
E/P

Extension 2
E/P

Pissarides
E/P

63 5%
63 3%
62 2%

67 2%
63 3%
54 1%

66 4%
63 3%
54 3%

70 7%
63 3%
44 6%

Table 11. Effect of σ on steady state employment.

σ = 01
σ = 022
σ = 03

Our Model
E/P

Extension 1
E/P

Extension 2
E/P

Pissarides
E/P

63 9%
63 3%
62 9%

73 4%
63 3%
59 3%

68 8%
63 3%
60 1%

79 1%
63 3%
55 9%

the Pissarides model are 9 2, 9 0, and 19 7. Two simple conclusions follow. First, both extensions serve to significantly dampen the steady state employment responses relative
to the Pissarides model. Extensions 1 and 2 both have a response that is less than half
as large. Second, however, the extent of this dampening is still very much less than what
occurs in our model. While Extension 1 yielded the smallest drop in steady state employment, this drop is still more than seven times larger than the corresponding drop in our
model.
While we will not discuss the other values in Table 10 in any detail, we note that this
factor 7 difference seems to apply equally well for both large decreases and increases
in λw .
Table 11 repeats this exercise for changes in the separation rate σ: the basic result
is the same as in Table 10. Once again the two extensions do significantly dampen the
responses relative to the benchmark Pissarides model. But these responses are still more
than five times as large as the responses in our model.
We conclude that our key result about the role of frictions in determining steady
state employment is robust to considering these extended versions of the benchmark
Pissarides model. That is, in an empirically reasonable model that includes both frictions and an operative labor supply margin consistent with the neoclassical theory of
labor supply, labor supply responses greatly attenuate the effect of changes in frictions
on steady state employment. Put somewhat differently, the level of frictions does not
seem to be a major determinant of steady state employment.
6. Taxes and the steady state
In this section we analyze the predictions of our model for the labor market effects of
increases in the size of the tax and transfer program.18 Prescott (2004) argued that differ18 Krusell et al. (2008) carried out this analysis in a model without idiosyncratic shocks. Krusell et al.
(2009) showed that such a model does not do a good job of accounting for worker flows. Moreover, that
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ences in the scale of tax and transfer programs could account for the bulk of the observed
differences in hours worked between the United States and several European countries.
His analysis assumed no frictions and abstracted from the issue of how workers are distributed across labor market states. In a steady state setting, these tax calculations are
one of the sharpest examples of how labor supply (i.e., choice) influences aggregate employment. It, therefore, is an interesting calculation to revisit in our model that features
both choice and chance.
We assess the importance of frictions for this exercise by comparing the results in our
benchmark calibrated economy with the results that emerge from the case in which λw
is set equal to 1 and the model is calibrated without targeting the generalized unemployment rate. In the results that we report below, we consider a change in τ and hold
all other parameters constant, including the two frictional parameters σ and λw . Models
of the sort considered by Mortensen and Pissarides (1994) imply that the levels of these
frictions will also respond to changes in such things as tax rates. However, in view of
the results from the previous section, we know that from the perspective of the effects
on steady state employment, the effects associated with changes in frictions will be of
second order importance.
Table 12 shows the results for the case of λw = 1 and our benchmark calibration.
To show how the results are influenced by having even higher levels of frictions, we
also report results for the case of λw = 2.19 The striking result from this table is that
the presence of frictions has virtually no effect on the impact of tax increases on employment. For the case of tax decreases, the presence of frictions does have some effect,
but even when λw = 2, the effect of frictions is relatively small compared to the overall
change. For example, when taxes are reduced to zero, the employment rate increases by
roughly 24 percentage points when there are no frictions and by roughly 20 percentage
points when λw = 2. It follows that for evaluating the steady state effects of tax changes,
the presence of reasonable frictions has little impact on the aggregate response of employment.
Table 13 shows the implications of tax changes for the generalized unemployment
rate for the same three cases considered in Table 12. Once again, we emphasize that
we are holding the levels of frictions constant in this experiment. If changes in taxes do
lead to associated changes in frictions, there would potentially be additional important
effects on unemployment.
Table 12. Taxes and the employment/population ratio.

λw = 1 0
λw = 428
λw = 2

τ = 00

τ = 15

τ = 30

τ = 45

868
854
829

791
779
764

633
633
633

484
488
493

paper did not distinguish between unemployment and nonparticipation, and so could not be used to assess
the consequences for these variables and statistics such as the duration of unemployment.
19 Once again, in this case all parameters of the model are recalibrated to match the same targets, but we
are not requiring that the model match the level of unemployment.
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Table 13. Taxes and the unemployment rate.

λw = 1 0
λw = 428
λw = 2

τ = 00

τ = 15

τ = 30

τ = 45

021
057
111

021
066
125

021
084
155

020
097
178

An interesting result emerges. Given that the results with frictions are virtually identical to results without frictions (especially for the case of tax increases), one might expect that the changes in the employment rate will be reflected mostly in changes in the
participation rate rather than the generalized unemployment rate. But the table shows
that changes in taxes do affect the generalized unemployment rate in the models with
frictions. In particular, when taxes are increased from 30 to 45 and the employment to
population ratio drops from 63 to 49, we see that the generalized unemployment rate
increases from 08 to 10 and from 16 to 18 for the cases of λw = 428 and 20, respectively. To see the intuition behind this result, note that when taxes increase, employment
durations decrease, implying that individuals will have more transitions from E to N G ,
and consequently more unemployment spells when transitioning back to E from N G .
This is further illustrated by looking at spell durations, shown in Table 14.
Some other interesting patterns also emerge. Specifically, in addition to shorter employment duration spells, an increase in taxes leads to somewhat shorter generalized
unemployment spells but longer-lasting generalized nonparticipation. The reason for
this is that when taxes are high, individuals have a higher reservation productivity level
for a given value of assets and this means that workers in the U G state are more likely to
experience a negative productivity shock and transition to N G .
To summarize, the main finding of this section is that for reasonably calibrated frictions, the aggregate employment effects of the model with frictions is essentially identical to that of the model without frictions. However, in the model with frictions, changes
in taxes do impact on statistics such as the generalized unemployment rate, and the duration of E and U G spells. In this sense, the model with frictions has a richer set of predictions for the effect of tax changes than the model without frictions. Some researchers
argue against the importance of the labor supply channel emphasized in the frictionless model in some contexts by suggesting that it is inconsistent with responses in the
generalized unemployment rate. This analysis shows that such a critique is not compelling in the context of a model with both a nondegenerate labor supply decision and
frictions. More generally, if changes in taxes were accompanied by changes in the level
Table 14. Spell durations (E, U G , N) and taxes.

λw = 1 0
λw = 428
λw = 2

τ = 00

τ = 15

τ = 30

τ = 45

31 7/1 0/13 1
34 5/2 3/12 7
38 5/4 7/11 9

21 7/1 0/9 7
27 0/2 2/11 8
33 0/4 5/12 7

15 0/1 0/12 2
18 9/2 2/13 0
24 7/4 2/13 8

13 0/1 0/18 3
15 4/2 1/17 9
20 4/4 0/19 1
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of frictions, as implied by standard matching models, then our model implies that one
could generate different changes in the generalized unemployment rate without having
any significant effect on the employment effects that we found.
7. Sensitivity: Results for alternative calibrations
In this section we present results for two alternatives to our benchmark model and calibration. In the first alternative, the model is unchanged, but instead of calibrating the
model to match flows for the entire population aged 16 and older, we calibrate to data
for males aged 25–54. In the second alternative, we change the specification of policy
to allow for a stylized form of unemployment insurance. For both specifications, we revisit the two experiments examined in the context of the benchmark model: changes in
frictions, and changes in the scale of tax and transfer programs. While the exact magnitudes of the effects are different in these alternatives, the two main conclusions from our
analysis of the benchmark model remain: first, that labor supply effects greatly attenuate the effect of frictions on steady state employment and, second, that the presence of
frictions is not of first order importance in understanding how tax increases influence
steady state employment.
7.1 Calibrating to males aged 25–54
In this section, we present results for an alternative calibration of the model in which
we target labor market flows for males aged 25–54 instead of the entire population. We
use the same calibration procedure as before, the only difference being the targets for
some of the labor market statistics. In particular, we now target a value of E/P = 87 6%,
a generalized unemployment rate of 5 5%, and an E to U G flow rate of 0 017. Table 15
shows the calibrated parameter values. The labor market flows in our calibrated model
are displayed in Table 16.
As noted earlier, the model’s ability to match the flows for this group is broadly similar to its ability to match the flows for the entire population, although the absolute discrepancy between the U G to N G flow in the model and the data is now much smaller.
Notably, the value of the U G to N G flow in the data is only about half as large. The smaller
discrepancy in this flow implicitly leads to a smaller discrepancy in the U G to E flow.
Next we carry out the key experiment of contrasting how changes in frictions affect
the distribution of workers across states. Tables 17 and 18 report the results for changes
Table 15. Calibration based on males 25–54.
Targets
I
Y

rK
Y

= 20,

E
P

= 3,

= 876,

UG
E+U G

= 055,

r − δ = 04,

E → U G = 017

Parameter Values
θ
30

δ

β

α

ρ

σe

λw

σ

τ

0067

9967

26

9931

1017

356

017

30
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Table 16. Flows in the model and data.
Adjusted U.S. 1994–2006

Model

To
From

E

UG

E
UG
NG

977
296
068

017
583
080

To
NG

From

E

UG

NG

006
121
852

E
UG
NG

977
348
030

017
628
055

006
024
915

in λw and σ, respectively. Relative to the benchmark case considered earlier, these tables
show that the extent to which the labor supply response offsets the effects of frictions is
lessened. Intuitively, the larger the fraction of time spent in employment, the less scope
there is for labor supply responses to offset these effects. Nonetheless, while the magnitudes of the differences are affected, the basic message is the same: the employment
effects in the Pissarides model are substantially larger than they are in our model—in
this case, by about a factor of 2.
Table 19 reports results for the tax experiments. Relative to the earlier results, the
effect of tax increases is significantly lower, even in the absence of frictions. The absolute effect of frictions is similar to what we found earlier, although these effects are
now more important in percentage terms given the smaller magnitude of the overall effects. Nonetheless, the results for the calibrated value of λw still suggest that the effect of
frictions is of second order importance. In the case of tax decreases, the result is somewhat different due to the fact that with the higher calibrated value of E/P, frictions more
quickly influence outcomes as we approach the maximum possible employment level.
7.2 Adding unemployment insurance
In our benchmark model, we assumed that the only transfer program was a lump-sum
transfer to all individuals, independently of whether they work or not. In this section, we
examine how our results are affected by allowing for a stylized unemployment insurance
(UI) system that provides a constant transfer payment that is only received by nonworkers. In particular, we assume that a portion of the tax revenues are used to finance a
payment to individuals who are not working. In our first calculation, we fix the UI benefit, denoted by b, to be equal to 73, which in the steady state equilibrium corresponds to
Table 17. Effect of λw on employment and unemployment rates.
Our Model
E/P
λw =
λw =
λw =
λw =

6
4
356
2

88 6%
88 0%
87 6%
85 4%

Pissarides Model
U G /(U G

+ E)

3 3%
4 9%
5 5%
9 2%

λw =
λw =
λw =
λw =

49
33
29
16

E/P

U G /(U G + E)

96 7%
95 1%
94 5%
90 6%

3 3%
4 9%
5 5%
9 4%
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Table 18. Effect of σ on employment and unemployment rates.
Our Model

σ=
σ=
σ=
σ=

01
017
02
03

Pissarides Model

E/P

U G /(U G + E)

E/P

U G /(U G + E)

89 1%
87 6%
87 1%
85 2%

3 7%
5 5%
6 2%
8 6%

96 7%
94 5%
93 6%
90 7%

3 3%
5 5%
6 4%
9 3%

18% of after tax average wages for employed people.20 We carry out this extension in the
context of the benchmark calibration, which means that the targets are the same as in
the benchmark model. Table 20 presents the calibrated parameter values and Table 21
presents the flows in the model and the data.
The ability of the model to account for the flows is very similar to that of the benchmark model without UI. The major discrepancy is again the flow of workers from U G
to N G . Tables 22–24 show results when we conduct the three experiments in this model.
Rather than going through the results in any detail, we simply note that they are very
similar to those in the benchmark calibration. In summary, adding a simple form of UI
benefits has no effect on our conclusions.
We have also repeated the above exercise with a larger value of the UI benefit. In particular, we repeated the above procedure with a value of b equal to 1 46.21 This implies
a replacement rate of 36 relative to the average wage and of 67 relative to the wages
of the bottom half of the wage distribution. This also implies that the replacement rate
exceeds 1 00 for those individuals employed at the bottom of the wage distribution.22
Having permanent UI benefits of this magnitude to all nonworkers presents a challenge
in terms of matching the model to the U.S. data. In particular, the disutility of working
is now very close to zero and the closest we can get to matching the target value for E/P
of 633 is 644. If the disutility of work gets very close to zero, one would expect the labor
supply channel that we have emphasized to be less important. An important issue for
Table 19. Taxes and the employment/population ratio.

λw = 1 0
λw = 356
20 Many

τ = 00

τ = 15

τ = 30

τ = 45

962
941

934
919

876
876

749
764

studies match a 50% replacement rate. We choose a lower value to reflect two factors about the
UI system in the United States: benefits are capped and are of finite duration. In present value terms, our
system yields the same potential maximum benefit as a 50% replacement rate with duration of 6 months.
If we focus on the bottom half of the wage distribution, our replacement rate is 32%.
21 The parameter values for this calibration that differ from those in Table 20 are α = 003, λ = 345, and
w
σ = 214. The value of E/P in this calibration is 644 instead of 633.
22 In the absence of frictions, an individual who faces a replacement rate greater than 1 would never work,
but frictions imply some option value to remaining in employment.
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Table 20. Calibration with UI system.
Targets
I
Y

rK
Y

= 20,

E
P

= 3,

= 633,

UG
E+U G

= 0839,

r − δ = 04,

b
w̄

E → U G = 021,

= 18

Parameter Values
θ
30

δ

β

α

ρ

σe

λw

σ

τ

b

0067

9967

26

9931

1017

367

021

30

73

future research is to model the specific details of transfer programs explicitly and assess
the implications for the implied value of the disutility of work. While the implied value
of α raises issues regarding the reasonableness of this specification, we think it is still of
interest to explore this case. In the interests of space, we focus on the effects of changes
in λw and σ, with the results shown in Tables 25 and 26.
The effect of a decrease in λw on E/P is similar to what we found previously. However, somewhat surprisingly, we now find that an increase in λw leads to a decrease in
E/P. This somewhat perverse result can potentially be explained by the fact that when
frictions are high, individuals may continue to work even when productivity is very low
because of the option value of remaining on the employment island. With α being so
close to zero, it seems that this effect is quite strong. Moving to the case of changes in σ,
we now find that increases in σ lead to larger decreases in employment in our model
than in the Pissarides model. The reason for this is intuitive. In our original model,
a higher separation rate, holding all else constant, will decrease the amount of time
spent in employment, thereby decreasing lifetime income and hence consumption. This
decrease in consumption increases the desire of the individual to work, and so he or she
responds by expanding the region of the state space in which he or she prefers to work.
However, in a world with sufficiently generous UI benefits, although an increase in σ,
holding all else constant, will lead to less time spent in employment, this need not imply
a decrease in lifetime income. As the UI benefit becomes sufficiently large, the income
effect associated with the receipt of UI benefits can decrease the individual’s desire to
work. We leave it to future work to assess the extent to which this effect would occur in
a model that entails a UI system that more closely matches the one found in the United
States.
Table 21. Flows in the model and data with UI.
Adjusted U.S. 1994–2006

Model

To
From

E

UG

E
UG
NG

961
251
034

021
507
047

To
NG

From

E

UG

NG

018
242
919

E
UG
NG

959
344
020

021
594
034

020
062
946
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Table 22. Effect of λw on employment and unemployment rates with UI.
Our Model

λw = 6
λw = 367
λw = 2

Pissarides Model

E/P

U G /(U G + E)

63 8%
63 3%
61 6%

5 0%
8 4%
14 2%

λw = 37
λw = 23
λw = 13

E/P

U G /(U G + E)

94 7%
91 6%
85 6%

5 3%
8 4%
14 4%

8. A contrasting view
The results of the previous sections suggest a very simple characterization of how our
hybrid model compares with the standard frictionless and frictional models used in the
literature. From the perspective of predicting changes in steady state employment, our
hybrid model behaves very closely to frictionless models, whereas from the perspective
of making predictions about changes in steady state unemployment, our model behaves
very closely to the standard frictional models. The striking and important finding is that
the one-to-one inverse mapping between employment and unemployment that is implicit in standard frictional models does not at all hold in terms of steady state outcomes
in our model.
One might be tempted to summarize these findings as saying that the extension of
the simple two-state model of the labor market with linear utility to a three-state model
that includes reasonable income and substitution effects has very important implications for some key quantitative predictions regarding steady state outcomes. However,
in this section, we discuss one implicit assumption of our specification that is of particular relevance in producing these differences. In particular, by assuming an AR(1)
process for the idiosyncratic shock process with normal innovations, we have implicitly assumed that the invariant distribution describing the idiosyncratic productivities is
continuous. As an extreme but simple alternative, we could have specified the idiosyncratic shock process so that it has support on only two points, one of which corresponds
to zero productivity and the other of which has some positive level of productivity. In
this setting, individuals will never want to work if they have zero productivity. There is
one further assumption of interest: the probability of the high productivity state could
be sufficiently low that individuals always want to work if they have high productivity;
alternatively, it could be sufficiently high that individuals do not necessarily always want
to work when productivity is high. If one were to adopt the former specification, then the
Table 23. Effect of σ on employment and unemployment rates with UI.
Our Model
E/P
σ = 01
σ = 021
σ = 03

64 6%
63 3%
62 3%

U G /(U G

Pissarides Model
+ E)

6 0%
8 4%
10 3%

E/P

U G /(U G + E)

95 8%
91 6%
88 4%

4 2%
8 4%
11 6%
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Table 24. Taxes and the employment/population ratio with UI.

λw = 1 0
λw = 367

τ = 00

τ = 15

τ = 30

τ = 45

839
819

746
733

633
633

512
514

model ceases to have an operative labor supply margin, and, not surprisingly, this model
will not have any of the labor supply effects that we have emphasized earlier. It would
follow that taxes have very little effect on employment and that frictions have large effects on employment.23 In contrast, if one adopts the latter specification, then the model
will behave very much like a model in which all workers are identical, and the labor supply responses will be even somewhat more powerful than in our earlier analysis.24
An important issue is whether our criterion of asking the model to match observed
labor market flows documented in Table 2 allows us to distinguish between these two
different specifications. The answer is basically no, although there are some subtle issues. In particular, one can specify the two-state Markov model so as to generate each of
the above properties and still have the resulting flows be similar to those that we found
for our benchmark calibration. In particular, it can do an equally good job matching
the E to E, N G to N G , U G to E, E to N G , and N G to E flows as our benchmark calibration. The one subtle issue has to do with matching the U G to N G flow. As was also the
case for our benchmark specification, this two-state model cannot match the U G to N G
flow from the data. However, the extent of mismatch is in some sense worse in the twostate specification. If individuals always want to work when in the productive state, then
the E to N G flow is identical to the U G to N G flow. In our benchmark model, the U G
to N G flow does not match its value in the data, but at the same time the U G to N G flow
is still roughly twice as large as the E to N G flow. For the case in which individuals do
not always want to work in the high productivity state, then the flow from E to N G is
necessarily larger than the flow from U G to N G , making the issue even more severe.
Table 25. Effect of λw on employment and unemployment rates with higher UI.
Our Model

λw = 6
λw = 367
λw = 2

Pissarides Model

E/P

U G /(U G + E)

62 6%
64 4%
62 8%

4 6%
8 4%
13 6%

λw = 41
λw = 23
λw = 14

E/P

U G /(U G + E)

95 0%
91 6%
86 3%

5 0%
8 4%
13 7%

23 These results hold for changes that are not too large. If taxes increase sufficiently, for example, then
individuals might not want to work all of the time even in the high productivity state.
24 In our benchmark model, an individual who suffers an involuntary spell of nonemployment during
a high productivity period can only make up for the lost income by working in the future in some less
productive states. The lower productivity of these states somewhat reduces the ability of the individual to
substitute between voluntary and involuntary nonemployment spells.
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Table 26. Effect of σ on employment and unemployment rates with higher UI.
Our Model

σ = 01
σ = 0214
σ = 03

Pissarides Model

E/P

U G /(U G + E)

E/P

U G /(U G + E)

67 7%
64 4%
60 4%

5 5%
8 4%
10 5%

95 9%
91 6%
88 6%

4 1%
8 4%
11 4%

We conclude from this that our results are not robust to very different specifications
of the innovations to the shock process, in the sense that there are specifications that
could match the flows reasonably well and give very different implications for the effects of changes in frictions and changes in taxes. One reason for not considering the
two-state specification in which individuals always work in the good state is that this
specification has no operative labor supply margin, and one of the motivations for the
development of our hybrid model is that one can easily see situations in which the labor
supply decision is operative. What the above result implies, however, is that one cannot
dismiss the model that does not feature an operative labor supply margin purely on the
basis of matching the labor market flows.
However, we believe there is alternative evidence that one can bring to bear on the
issue which gives us reason to prefer the continuous distribution specification over the
(two-state) discrete distribution case in which individuals always want to work if the
productivity is high. If the distribution has all of its mass on two points and optimal behavior dictates wanting to always work whenever the idiosyncratic productivity is high,
there is no scope for any aggregate changes to influence participation except via the
idiosyncratic shock process. Such a specification seems hard to square with the fact that
participation rates vary significantly across countries and that participation rates have
changed smoothly for various groups in the United States over time, and often in different directions. These observations suggest to us that it is preferable to adopt a specification in which at each point in time there are some individuals for whom the participation decision has a continuous component that is affected at the margin by aggregate
changes.
Perhaps a more interesting case would be one in which the idiosyncratic shocks allow for a positive mass at the zero productivity state. This would reflect the possibility
that for many individuals, their idiosyncratic shocks are such that working is not a possibility. This might be relevant in thinking about certain types of health shocks, for example. An examination of Figure 1 suggests that our results are likely to be quite robust to
introducing this feature. Figure 1 shows that in our benchmark specification there is no
work done by those in roughly the bottom decile of the productivity distribution. Even
in the case of a dramatic increase in frictions (from the benchmark value of 436 to the
value of 2, resulting in an increase in the unemployment rate of roughly 19 percentage
points), there is still virtually no work being done by those in the bottom decile of the
distribution. It follows that adding even a sizable mass point at the bottom of the distribution would not have any impact on the extent to which labor supply responses are
able to compensate for increases in frictions.
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9. Conclusion
We use an empirically reasonable three-state model of the labor market to address two
questions regarding the determination of steady state employment and unemployment
at the aggregate level. The first concerns the effect of changes in frictions on aggregate
employment. We find that changes in either the job loss rate or the job finding rate do
not have large effects on aggregate employment, although they do have sizable effects
on unemployment. In particular, the labor supply response present in our model greatly
attenuates the employment response relative to the simplest matching model as well
as common extensions. We conclude that choice plays a much larger role than chance
in the determination of aggregate steady state employment. In contrast, chance plays a
dominant role in the determination of aggregate steady state unemployment. The second issue is the effect of tax and transfer programs on aggregate employment. We find
that the presence of frictions has virtually no impact on the response of aggregate employment, but the model also predicts that higher taxes lead to higher unemployment
and lower participation.
A key message for quantitative analysis of steady state labor market outcomes is that
including an operative extensive labor supply margin consistent with neoclassical models of labor supply is important. Although frictions by themselves can exert a large direct
effect on steady state employment, these effects are largely offset by labor supply responses.
While our analysis in this paper has focused solely on the determination of steady
state labor market outcomes, it is obviously of interest to examine how the forces of
choice and chance interact in contexts where transition dynamics are critical, such as
when the economy is subjected to shocks. In particular, what are the responses of employment and unemployment when there are shocks to the level of frictions, either to
the offer arrival rate or the separation rate? How does the presence of a labor supply
channel affect the propagation of these shocks? While the framework that we have used
in this paper is well suited to the analysis of this question, we think it is important to emphasize that there is no reason to conjecture that our results about the dampening effect
of labor supply on the effects of frictions will continue to hold in the case of shocks to
frictions.
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flows in general equilibrium.” Working Paper 15251, NBER. [98, 100, 102, 103, 104, 115]
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