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Abstract

We build a general equilibrium model that features idiosyncratic shocks, search fric-
tions and an operative labor supply choice along the extensive margin. We use this model
to study the implications of several aggregate shocks for the behavior of labor market
aggregates and flows, and in particular the role of labor supply. While shocks to only
job finding and job loss rates can account for unemployment fluctuations, the presence of
labor supply responses implies that they account for only a small fraction of employment
fluctuations and have counterfactual predictions for participation. A model that features
shocks to the return to market activity in addition to the job finding and job loss rates
accounts for fluctuations in employment and unemployment as well as the main patterns
found in the labor market flows. Employment fluctuations in this model are driven by
labor supply responses.
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1 Introduction

The idea that labor supply plays a key role in accounting for business cycle fluctuations has
been challenged ever since it was first introduced by Lucas and Rapping (1969). An early
issue was the apparent inconsistency between the relatively low Frisch labor supply elasticity
estimated from micro data and the relatively high value required to generate substantial
labor supply effects in a representative agent model. It is now known that explicit mod-
elling of adjustment along the intensive and extensive margins can account for much of this
discrepancy.

A second challenge concerns the explicit consideration of unemployment. While this
critique has been around for a long time, it was recently revived in a more formal manner
in the context of modern unemployment theory by Hall (2009). Hall (2009) argues that
although aggregate models featuring labor supply choices along the extensive margin can
generate large fluctuations in employment via labor supply responses, they are inconsistent
with the US evidence that roughly 80% of business cycle fluctuations in employment show
up as offsetting changes in unemployment rather than changes in participation.

This leads Hall to consider a model which exogenously eliminates labor supply choice
along the extensive margin, assuming instead that the labor force is fixed and that em-
ployment is completely determined by the level of search frictions, as captured by the job
offer arrival rate facing unemployed workers. In this paper we challenge the conclusion that

explicit consideration of empirical evidence on unemployment and participation implies a



minimal role for labor supply. In particular, our model featuring labor supply and frictions is
consistent with business cycle fluctuations in employment, unemployment and participation
at the same time that employment fluctuations are driven by labor supply responses.

To make this argument we build a new model of business cycle fluctuations in the labor
market. There is widespread agreement that a good theory of labor market fluctuations
should have solid microfoundations. Following more than forty years of applied research on
labor market dynamics, we believe that the appropriate microfoundations in this context
should include a theory of gross worker flows among the three labor market states of em-
ployment, unemployment and non-participation. In effect, we go one step further than Hall,
in that we require our model to match the gross worker flows as opposed to simply the net
flows.

A key building block of our framework is a model of individual labor supply in the
presence of uncertainty, frictions and incomplete markets. When embedded into an otherwise
standard aggregate model, it yields a theory of gross labor market flows. Our model relaxes
two problematic features of the early indivisible labor models of Hansen (1985) and Rogerson
(1988); it rules out trade in employment lotteries, thereby forcing individuals to self insure
by accumulating assets, and it assumes that individuals are heterogeneous. While this sort of
market incompleteness has been found to not matter much for some business cycle properties,
we note that Gali et al (2011) find it to be very important for the cyclical properties of

participation. It also extends these models to allow for search frictions, thereby allowing us



to separate the unemployed from the nonparticipants.

A prominent feature of our model, in contrast to Hall (2009) and many other business
cycle analyses of unemployment, is that it does not exogenously assume that there are no
fluctuations in participation. Even though fluctuations in participation in the US are a
relatively small component of fluctuations in employment, there are several reasons to think
that shutting them down exogenously is problematic in the context of the effort to understand
the underlying forces that shape labor market fluctuations.

First, to the extent that fluctuations in participation are a part of fluctuations in em-
ployment, it is counterfactual. But more importantly, even if participation did not change
at all over the business cycle, it is surely important to understand why. The fact that many
individuals move between participation and non-participation each month suggests that this
is surely an operative margin for many individuals. Moreover, there are many examples of
large responses in participation over time at the aggregate level.! Second, as we detail later in
the paper, the relative constancy of the aggregate participation rate hides the fact there are
large changes in the flows between participation and non-participation over the business cycle
that turn out to mostly offset each other. Third, although participation plays a relatively
small role in the US in terms of statistically accounting for employment fluctuations, this is

much less true for some other OECD economies.? Additionally, the statistical importance

! An obvious example is the large increase in female participation rates over time. But other examples
include a large decline in participation rates for low-skilled males, as well as a decrease for all older males
prior to 1995 followed by a subsequent increase.

2See for example Rogerson and Shimer (2010).



of participation in accounting for employment fluctuations varies across demographic groups
within the US. One cannot understand the source of these differences if one fixes participation
exogenously.

As is standard in the modern business cycle literature, we calibrate our model so as to be
consistent with the average behavior of the US economy, including the average gross worker
flows between the three labor market states. We then use our calibrated model to study the
effects of different aggregate shocks on standard labor market aggregates and gross worker
flows. Two key findings emerge.

First, we find that abstracting from labor supply along the extensive margin (i.e., partic-
ipation) leads one to dramatically overstate the extent to which fluctuations in job finding
and job loss rates can account for fluctuations in both employment and unemployment.
Specifically, even if fluctuations in these frictions are large enough to account for observed
fluctuations in unemployment, labor supply responses significantly dampen their effect on
employment. Closely related, fluctuations in frictions alone generate fluctuations in partic-
ipation that are counterfactually large and have the wrong correlation with output. The
key message is that even in a context in which labor supply is not the main driving force
behind fluctuations, the presence of an empirically plausible labor supply response along
the extensive margin has important implications for how labor market variables respond to
shocks. Put somewhat differently, exogenously shutting down the participation margin hides

the fact that this specification contains quantitatively important forces with counterfactual



predictions.

Second, we show that a specification with shocks to both the return to market activity
and job finding and job loss rates can account for many of the patterns found in the data.
Specifically, it not only accounts for fluctuations in the levels of employment, unemployment
and out of the labor force, but also for fluctuations in the gross flows of individuals among
these three states. In the context of this specification we can decompose the resulting fluc-
tuations into the contribution attributed to each shock. We find that the dominant source
of employment fluctuations is the shock to the return to overall market activity, whereas
the dominant source of unemployment fluctuations is the shock to the job offer arrival rate.
Shocks to the job loss rate play only a minor role overall. Moreover, shocks to the job finding
rate account for much of the fluctuations in measured flows from employment to unemploy-
ment. Importantly, the key channel through which shocks to the return to market activity
influence employment is through labor supply. The implication is that our model can match
the cyclical properties of employment and unemployment at the same time that labor supply
is the dominant source of employment fluctuations. In other words, the relative constancy of
the participation rate over the business cycle is not evidence against the importance of labor
supply as a driving force behind aggregate fluctuations.

Beyond these substantive findings regarding the role of labor supply for business cycle
fluctuations, our paper offers a contribution to the broader literature on building cyclical

models of labor market flows. In particular, we present a benchmark model for analysing



flows across all three labor market states and deliver a specification that can match the key
features of these flows over the cycle.

Given its focus on business cycle fluctuations in an aggregate three state model of the
labor market, our analysis is closely related to recent similar analyses by Tripier (2004),
Veracierto (2008), Gali (2011a, 2011b), Gali et al (2011), Christiano et al (2010) and Shimer
(2011). Relative to these authors, one key distinction of our analysis is its focus on gross
flows. Each of these papers focuses exclusively on the fluctuations in the levels of F, U and
N and pays no attention to the properties of the underlying flows, either in steady state or
over the cycle. Our setting also places stronger emphasis on individual heterogeneity and the
uninsurability of idiosyncratic shocks. Relative to Tripier and Veracierto, we allow for shocks
to labor market frictions. Relative to Shimer (2011), the job finding frictions are assumed
exogenous here; thus, we focus on the economy’s response to cyclical variations in job finding
and job loss rates as opposed to their origins.

An outline of the paper follows. In the next section we document the key business
cycle facts for gross worker flows among the three labor market states for the US over the
period 1968-2009. Section 3 describes our theoretical framework. Section 4 presents our
quantitative results on the effects of different aggregate shocks on gross worker flows and

Section 5 concludes.



2 Business Cycle Fluctuations in the Labor Market

The early real business cycle literature focused on a small set of second moments that were
thought to represent first order properties of business cycle fluctuations. In particular, this
literature sought to understand the relative volatility and comovement between aggregate
series such as output, consumption (C), investment (I), and employment (E). Table 1
presents these statistics for the US economy over the period 1968-2009. We limit ourselves
to this time period since this is the period for which we have consistent measures of the labor

market statistics on which we will focus.
Table 1

US Business Cycle Facts for Aggregates
std(x)/std(Y) corrcoef(z,Y) Corrcoef(x,x_1)
C 1 E C 1 E C 1 E
81 4.7 68 87 92 84 95 .95 .95

As is standard, the raw quarterly data has been logged and HP filtered using a smoothing
parameter of 1600 in order to isolate the cyclical component of the time series. Note that
we present data for employment rather than total hours for the reason that our subsequent
analysis will impose indivisible labor and focus solely on adjustment along the extensive
margin.> This table confirms the standard set of stylized facts regarding business cycle:
fluctuations in output, consumption, investment and employment are persistent and highly
positively correlated, with investment fluctuating more than output, whereas consumption

and employment fluctuate somewhat less than output.?

3As is well known, roughly two-thirds of the fluctuations in total hours are accounted for by fluctuations
along the extensive margin. See, for example, Hansen (1985).

4If we limit attention to nondurable consumption expenditure then the relative volatility of consumption
is reduced by almost half.



While focusing on this small set of second moments has proven to be a very useful device
for focusing and organizing quantitative research on business cycles, such a small set of
moments necessarily captures only a small subset of business cycle properties. In order to
better understand and distinguish between the forces that shape business cycle fluctuations
in the labor market we expand the set of labor market statistics under consideration along
two dimensions. First, as in recent work by Gali (2011a, 2011b), Gali et al (2011), Christiano
et al (2010) and Shimer (2011), we include information on how non-employed workers are
categorized between the states of unemployment and out of the labor force. Second, and
differently than the studies just mentioned, we consider not only the behavior of the stocks
of workers in each of the three labor market states but also the gross flows of workers between
states. From the perspective of connecting an aggregate model of the labor market to micro
data, we believe the behavior of individual labor market flows is of first order importance.

Table 2 presents data for average monthly transition rates among the three labor mar-
ket states: employment (E), unemployment (U), and not in the labor force (V). Details

regarding data sources and construction are provided in the appendix.

Table 2
US Transition Rates 1968-2009
FROM TO

E U N
E 0.954 0.016 0.030
U 0.270 0.508  0.222
N 0.048 0.027  0.925

The key feature of this data that we want to stress is that the flows among all of the states

are all very large. While a large literature has previously emphasized the high transition rates



between F and U, we specifically want to highlight the large flows into and out of the labor
force. In particular, Table 2 shows that in each month, more than 7% of the workers who are
out of the labor force will enter the labor force in the subsequent month. As we detail later
in the paper, part of the measured flows between N and U may be the result of classification
error. But even if we focus only on the flow of workers from N to E we see that this is almost
five percent per month. The key point is that the decision to move between participation
and non-participation seems an operative margin for a large number of individuals.

Table 3 presents the richer set of labor market business cycle statistics that will be the
focus of our study. Note that u denotes the unemployment rate (U/(E +U)) and [ fpr is the

labor force participation rate ((E + U)/(E + U + N)).

Table 3
Cyclical Properties of US Labor Market Statistics

w Ufpr fev fen fue fun fne fnuU

std(z)/std(Y) 7.6 21 54 20 49 38 27 40

corrcoef(xz,Y) —87 46 —82 33 78 718 64 —.70

corrcoef(r,x—y) .92 .72 73 20 84 .73 41 .75

Our notational convention is that f;; denotes the fraction of workers that moved from
state ¢ in the previous period to state j in the current period. Note that although labor
market data are available at monthly frequency, NIPA data is available only at quarterly
frequency. In order to evaluate the correlation of labor market flows with output we have
generated labor market flow data at quarterly frequency by setting the quarterly value equal
to the average of the three monthly values within the quarter. To produce business cycle

statistics we then log and HP filter the data.
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Several features are worth noting. Consider first the behavior of the transition rates
between E and U. Over our sample period, these two rates exhibit roughly equal volatil-
ity, are very persistent and are strongly correlated with the cycle, with fgpy being strongly
countercyclical and fyg being strongly procyclical. Second, fluctuations in the unemploy-
ment rate are more than an order of magnitude larger than fluctuations in the participation
rate. The former is strongly countercyclical whereas the latter is weakly procyclical. It fol-
lows that most of the cyclical fluctuations in employment show up as offsetting changes in
unemployment as opposed to changes in participation.

While these patterns are relatively well-known, there are some other patterns that are
less well known.? For example, although the stock of non-participants does not vary that
much over the business cycle, the flows between non-participation and the other states exhibit
pronounced movements at business cycle frequencies. For example, whereas the fluctuations
in the participation rate are an order of magnitude smaller than the fluctuations in the
unemployment rate, the fluctuations in the flows into and out of non-participation are of
roughly the same order of magnitude as the fluctuations in the flows between F and U
that have received so much attention. There is also an interesting pattern regarding the
cyclicality of the flows between U and N. Specifically, the flow from U to N has the same

cyclical correlation as the flow from U into F, and the flow from N into U has the same

5Note that there are some differences between the statistics that we report here and those that are used
in several studies. For example, Shimer (2005) focuses on the flows into and out of unemployment without
distinguishing whether the workers that enter unemployment come from employment or out of the labor force,
or whether the workers that leave unemployment leave to employment or out of the labor force.
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cyclical pattern as the flow from E into U. That is, both rates of flow into U have the same
cyclical properties, as do both rates of flow out of U.

The flow from N into F is strongly procyclical, just as is the flow from U into F, though
it is somewhat less volatile. If one were to only look at these two flows, one would not be
lead to infer that the participation rate plays only a minor role in accounting for employment
fluctuations. The reason that the stock of participation does not move more over the cycle is
because of the offsetting effect of an increased U to N flow during good times. Finally, the
flow rate from E to N is countercyclical, though only weakly so and exhibits less volatility

than the other flows.

3 Theory

As is standard in the business cycle literature, we consider business cycles as resulting from
aggregate shocks that cause the economy to fluctuate around the steady-state equilibrium
that would result in the absence of aggregate shocks. We first describe our model.

3.1 Economy

At its core, the model captures the problem of optimal labor supply in the presence of
frictions. Consumer-workers thus go through life, modeled here as lasting forever, facing a
variety of shocks, and they are imperfectly able to insure against these shocks. One risk
concerns unemployment, either as a result of failed job search or because of an involuntary

layoff without immediate reemployment. Another risk concerns the real wage and its fluc-
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tuations. Both of these risks have idiosyncratic and aggregate components: job finding and
job loss rates fluctuate over time, and real wages do too, but with significant wage dispersion
due to individual wage shocks. In addition to developing a framework appropriate for the
issue at hand, our broader aim is to provide a rather comprehensive and realistic description
of the main economic events for a household as it goes through time, including both signif-
icant discrete shocks such as job loss and gradual changes in wages. We thus formulate a
model that arguably captures the key income-relevant events for a household and captures
its main vehicles for dealing with these events: it can hold an asset, although restrictedly,
thus being able to insure itself but only to some extent. One advantage of this approach is
that it allows us to build a solid connection with micro data and the rich set of studies on
individuals; we will use this in the calibration of our model. We believe that our model is
the first macroeconomic model with these features.

Abstracting from frictions, our setting represents a canonical dynamic model of labor sup-
ply in a context that features idiosyncratic shocks and incomplete markets for both credit and
risk-sharing.® Krusell et al (2011) showed that idiosyncratic shocks are an essential element
in allowing the model to match the key features of average labor market flows. Although
that paper also showed that incomplete markets per se is not essential in matching the key

features of average flows, the recent work of Gali et al (2011) shows that the assumption of

6Several 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.

13



complete markets does lead to counterfactual predictions for the behavior of participation
rates in the context of business cycle analysis. For this reason we think that it is important
to include incomplete markets as a feature of the model. Our model extends this standard
model of labor supply to allow for the two key frictional shocks that characterize steady state
labor market outcomes in almost any search and matching model: a separation shock for
employed individuals, and an offer arrival shock for non-employed individuals. While the
model is somewhat minimalist, our earlier work shows that it is capable of accounting for
the average behavior of labor market flows, therefore making it a natural benchmark for an
initial quantitative assessment of how frictions interact with labor supply in the business
cycle context.

The economy is populated by a continuum of workers with total mass equal to one. All
workers have identical preferences over streams of consumption and time devoted to work
given by:

EY  Bllog(cr) — aey]

t=0

where ¢; > 0 is consumption in period ¢, e; € {0,1} is time devoted to work in period ¢,
0 < B < 1 is the discount factor and o > 0 is the disutility of work. Individuals are subject
to idiosyncratic shocks that affect the static payoffs of working in the market relative to not
working. While many distinct shocks may have this feature, including, for example, shocks
to market opportunities, shocks to home production opportunities, health shocks, family

shocks, preference shocks etc..., we represent the net effect of all of these shocks as a single
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shock, and model it as a shock to the return to market work.” In particular, letting z; denote
the quantity of labor services that an individual contributes if working, we assume an AR(1)
stochastic process in logs:

log 2141 = p.log 2y + €141

where the innovation ¢; is a mean zero normally distributed random variable with standard
deviation o.. This process is the same for all workers, but realizations are iid across workers.

Frictions in the labor market are captured by two exogenous variables: A; and oy, where A
is the employment opportunity arrival rate and o is the employment separation rate. These
values are common to all individuals but may fluctuate randomly over time, though we will
often suppress the time subscript in describing the model. To understand how the frictions
impact the economy it is useful to think that the economy consists of two islands: a production
island and a non-production island. An individual begins period ¢ on the production island
if e;_1 = 1, and otherwise begins on the non-production island. Next, each individual will
observe the realizations of several shocks. First, each worker receives a new realization for
the value of their idiosyncratic productivity shock and the aggregate shock Z;, which will
be described below, is realized. Second, each individual on the production island observes
the realization of an iid separation shock: with probability ¢ the individual is relocated to
the non-production island. Third, each individual who is now on the non-production island,

either because they started the period there or were relocated there by the separation shock,

T Alternatively, we could have assumed that the only shock is to the disutility of working. Either way, the
key economic mechanism is that the shock serves to change the relative return to working versus not working.
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observes the realization of an iid employment opportunity shock that with probability A
relocates them to the production island.

Note that given our timing assumption, an individual who suffers the o shock will not
necessarily spend a period in nonemployment. Once the shocks have been realized, indi-
viduals make their labor supply and consumption decisions, though only individuals on the
production island can choose e equal to 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 ¢ and
will therefore not have the opportunity to return to the production island until receiving a
favorable employment opportunity shock.

The production technology is described by a Cobb-Douglas aggregate production function:
Y = Z, KL}

where K; = [ kydi is aggregate input of capital services and L; = [ e;zydi is aggregate
input of labor services. Z; is a standard technology shock. Output can be used either as
consumption or investment, and capital depreciates at rate 4.

3.2 Equilibrium

We formulate equilibrium recursively. In each period there are markets for output, capital
services and labor services, but there are no insurance markets, so individuals will (poten-
tially) accumulate assets to self-insure. We normalize the price of output to equal one in
all periods, and let r; and w; denote rental rates for a unit of capital and a unit of labor
services, respectively. If a worker with productivity z; chooses to work then he or she earns
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w2 in labor income. We assume that individual capital holdings must be nonnegative, or
equivalently, that individuals are not allowed to borrow. We include a simple and stylized
tax and transfer program in the model to capture the fact the presence of such programs
in reality. The government taxes labor income at constant rate 7 and uses the proceeds
to finance a lump-sum transfer payment T; subject to a period-by-period balanced budget
constraint. The one period budget equation for an individual with k; units of capital and

productivity s; is given by:

ct + kt—i—l = Ttkt + (1 — T)wtztet + (1 — 5)kt + ,Tt

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. The aggregate state
will include any information that individuals have and is useful in forecasting prices. We
denote this information by €. In this model, € includes both exogenous aggregate shocks
(Z, A\, and o) and the distribution of wealth and labor-market status across all individuals.
Since the notion of recursive competitive equilibrium that we employ is standard we do not
include a formal definition of the consistency conditions, in particular for how 2 evolves over
time.® We use the notation €'(£2) to denote this evolution. We do, however, present detailed
information on the Bellman equations for individual workers.

Let W (k, z,€) be the maximum value for an individual who works and N (k, z, §2) be the

8In all essential respects we follow Krusell and Smith (1998). Note that because firms make zero profits
here, one does not need to consider firm equity, as in Krusell, Mukoyama, and Sahin (2010), where consumers
consequently have a more demanding portfolio problem.
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maximum value for an individual who does not work given that he or she has individual

values of (z,k) and the aggregate state is Q. Define V(k, z,Q) by:
V(k,z,Q) = max{W(k,z,Q),N(k,z,Q)}.
The Bellman equations for W and N are given by:

W(k,z,Q) = n;g/x{log(c) —a+BE o1 —a)V(K,2,Q(Q) +a(1l = NN, 2, QQ)]}

)

st.c+k =r(Qk+ (1 —71)w(Q)z + (1 -5k + T(Q)

c>0,k >0

and

N(k,z,Q) = Igg;{{log(c) + BE, o NV (K, 2/, Q' () + (1 = NN, 2/, 2(Q))]}

st.c+k =r(Qk+(1-90k+T(Q)

c>0,k >0.

In these expressions, the expectation with respect to € refers to the stochastic aggregate

components in ) next period: next period’s values for Z, A, and o.

18



4 Quantitative Analysis

We now begin the quantitative analysis of our model economy, starting with the calibration.
The calibration is of two sorts: we need to select the driving processes for our main business
cycle shocks, Z, A\, and o, and we need to select the rest of the model parameters. We begin
with the latter part, which is accomplished by looking at the model’s steady state. Thus,
the basic parameters here are selected to match long run aggregate facts and average labor
market facts: stocks and flows across the three states.

4.1 Steady State Calibration

In a steady state equilibrium of this economy, r and w will be constant over time, as are
job finding and job loss rates. Accordingly, this section describes the steady state version of
the economy and its calibration. In particular, we will be interested in the model’s ability
to account for the average transition rates documented in the previous section. In the next
section we will add various aggregate shocks to the model and assess the ability of different
shocks to account for the cyclical patterns in the transition rates. The model in this section
draws heavily on the earlier work of Krusell et al (2010, 2011).

A key aspect of the calibration procedure is to choose parameters so that the distribution
of workers across the three labor market states and the flows of workers between states in
the steady state equilibrium are similar to their average values over time in the US economy.
Official statistics divide non-employed 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
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the previous four weeks. Although our model does not feature a search decision, it can be
mapped into this definition. Specifically, if active search is a discrete decision and the cost
of search is very small, the decision to search amounts to asking an individual if he or she
would prefer working to not working.? Among those individuals in our model who are not
employed in period ¢, we will label them as unemployed if they would prefer to be employed
and out of the labor force if they would prefer to not work.'® There is strong evidence in the
literature (see, e.g., Poterba and Summers (1981)) that classification errors lead to spurious
flows, especially between unemployment and not in the labor force. To capture this we will
also add a measurement equation to our model. To facilitate exposition we will calibrate
the model assuming no classification error and then show how the model’s implications are
affected when we add this type of error.

The model has nine parameters that need to be assigned: preference parameters 5 and
«, production parameters 6 and ¢, idiosyncratic shock parameters p, and o, frictional pa-
rameters ¢ and A, and the tax rate 7. Because data on labor market transitions are available

monthly, we set the length of a period to be one month. We set 7 = .30.!' Because our

9Given evidence from time use data on the amount of time devoted to search, we think it is reasonable to
assume that the cost of active search is relatively small.

10Tn our earlier work we argued that a more natural way to connect the model to the data was to adopt a
more inclusive definition of unemployment in the data, based on the desire to work rather than active search.
Nonetheless, we found that the broader definition was not substantively important either in terms of the
features in the data or the ability of the model to account for the data. We revert to the standard definition
of unemployment in this paper because of the difficulty in getting a longer time series for flows between the
states with the broader measure.

HEollowing the work of Mendoza et al (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.
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model is a variation of the standard growth model, we can assign some parameter values
following standard procedures used to calibrate versions of the growth model. Because of
incomplete markets and idiosyncratic uncertainty, 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 param-
eter values. Specifically, given values for A, o, p,, and o.,, we choose 8 = .3 to target a
capital share of .3, d to achieve an investment to output ratio equal to .2, and the discount
factor 3 to target an annual real rate of return on capital equal to 4%. The other preference
parameter «, which captures the disutility of working, is set so that the steady state value
of the employment to population ratio is equal to .61. This is the value of the employment
to population ratio for the population aged 16 and older for the period 1968 — 2009.12

It remains to choose values for A, o, p, and o.,. Recall that our idiosyncratic shock
process should be viewed as a composite of all idiosyncratic shocks that affect the static
return to working versus not working. Shocks to wages are of course only one such component.
However, since these are the shocks that we have the best measures of, for our benchmark
specification we calibrate the shock process based on estimates of idiosyncratic wage shocks.
Specifically, we choose values for p, and o, based on Floden and Linde (2001), who estimated

p. = .92 and 0. = .21 expressed on an annual basis.'®> There is an intimate connection

12WWe calibrate to values for the period 1968-2009 because this is the period for which we have consistent
measures of labor market flows.

13Krusell et al (2009) showed that the ability of the model to account for the flows between states remains
relatively unchanged over a wide range of values of p and o.. What mattered most was that p was reasonably
persistent (at least .5), but not too close to being a unit root (say less than .97), and that o. was not too
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between A and the unemployment rate in the model. If A = 1 then unemployment will be
zero, since everyone always has the opportunity to work. We therefore choose A so that the
steady state unemployment rate matches the average value for the unemployment rate in the
US data for the period 1968 — 2009, which is .061. We choose o to target the average flow
rate out of employment over our sample period, which is 3.6%. We target this rate based on
our belief that the employment state is the one subject to the least amount of measurement

error. The calibrated parameter values are displayed in Table 4.

Table 4

Benchmark Calibration

Targets
+ =205 = 3,5 =610, 55 =.061,1+r—0=(1.04)V12 E— E = .954

Parameter Values

0 ) Ié) @ P2 O A o T
.30 0067 .9967 .61 9931 .1017 .44 .013 .30

The labor market flows in our calibrated model and the data are displayed in Table 5.

Table 5
Flows in the Model and Data
US 1968-2009 Model
FROM TO FROM TO
E U N E U N

E 0.954 0.016 0.030 E 0.954 0.007 0.039
U 0.270 0.508 0.222 U 0.396 0.505 0.099
N 0.048 0.027 0.925 N 0.035 0.044 0.921

Overall the model does a reasonable job of capturing the salient features of the data.
Specifically, it does a good job of capturing the degree of persistence in each of the three

states. One major discrepancy is that the model does not generate enough flows from U to

small. An 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. We carry out sensitivity analysis to assess
this.

22



N. Given our strategy of targeting the stock of workers in U, this necessarily implies that the
other flow out of U (i.e., the flow from U to E) must also be off. As previously noted, authors
such as Poterba and Summers (1979) have argued that there is substantial measurement error
in the flows, especially for flows between U and N. This is also quite plausible in the context
of our model, since one could imagine that individuals who are not working but for whom
N(k,z) and W (k, z) are close to each other may misreport their status.

One strategy to address this would be to try to purge the official data of measurement
error. Unfortunately, this is not feasible. The survey that Poterba and Summers used
to estimate the extent of classification error on transition rates was discontinued shortly
thereafter. Instead, we deal with this issue by adding some measurement error to the data
generated by our model. We provide details on this procedure in the appendix and show that
with an empirically plausible amount of measurement error the model does a much better
job of matching the flows.

While our calibrated model is able to reproduce the key features of both aggregate facts
and labor market flows in the US economy, we think it is also relevant to note the minimalist
nature of the model. At the aggregate level, the basic structure is that of the standard
one-sector neoclassical growth model. We have not included features such as adjustment
costs that are common in current medium scale DSGE models. At the micro level we have
abstracted from empirically reasonable features such as an interaction between individual

market productivity and employment status, or interaction between individual productivity
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and the two frictional parameters. We have also abstracted from the choice of search intensity.
Note also that we only model frictions as they explicitly influence movements between non-
employment and employment. That is, we do not explicitly model the process of job-to-job
transitions. To the extent that these occur, they are subsumed into the evolution of the
idiosyncratic shocks to z.

While all of these features could be added to the framework, we have instead opted for
parsimony. Our simple model is able to capture the key features of the average flow data, and
therefore seems a natural starting point for the analysis of aggregate fluctuations in a model
that explicitly models the flows. Incorporating the additional features mentioned above is
something that we leave for future work.

4.2 Business Cycle Analysis

In this section we subject the calibrated steady state model of the previous section to aggre-
gate shocks. While we could subject the model to various sorts of aggregate shocks we will
limit our attention to two types of aggregate shocks. In our steady state model we found that
idiosyncratic shocks to the benefit of working relative to not working and to frictions were
sufficient to capture average movements of workers across the three labor market states. Here
we will focus on aggregate shocks to these same two factors. We capture aggregate shocks to
the relative value of working versus not working by our TFP shock Z;. This is obviously a
simple way to generate a common increase in the benefit of working relative to not working.

However, to the extent that there are other mechanisms for achieving this same outcome,
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for example, informational shocks coupled with some form of increasing returns to scale, we
do not necessarily insist on the interpretation of this driving force as a true technological
shock. We capture aggregate shocks to frictions through stochastic movements in A and o.
Note that we take the changes in these frictional parameters to be exogenous. Our goal at
this point is to assess the ability of various types of shocks to generate outcomes that match
those found in the data, rather than the analysis of how these shocks arise.

We proceed by considering a sequence of different assumptions about the aggregate
shocks. We first consider the special case when labor market frictions are random but pro-
ductivity is not. That section makes precise how the labor supply margin plays an important
role in this economy and how the equilibrium outcome involves counterfactual behavior for
participation as well as for flows. We next shut down shocks to frictions and look at TFP
shocks only. Here as well, the model’s predictions are far from the data in a number of re-
spects, particularly for both unemployment and flows. Finally, we present our “benchmark”,
which is a model where there are shocks to frictions and TFP.

The details of how the aggregate shocks are chosen are presented in each section. Prior
to describing our findings, we also briefly summarize how the model is solved. The present
model is similar in spirit to that in Krusell and Smith (1998), where there is no participation
decision. As a result, here the consumer’s problem is considerably more nonlinear, as there are
always consumers (i) deeply in the non-participation region, (ii) deeply in the participation

region, and (iii) near indifference between participating and not participating in the labor
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market. For readers not interested in the computational detail it is safe to skip ahead to the
results section.

4.2.1 Computation

We follow Krusell and Smith’s (1998) limited information approach—we restrict Q to a few
variables that can easily be kept track of, let the consumers make decisions based on this
limited information and simple forecasting rules that are based on this information, and check
whether their forecast is consistent with what actually happens in the economy that consists

of these consumers. Specifically, the computation follows the algorithm described below.

1. Replace €2 by more limited information that can easily be kept track of. Here, we
choose the current aggregate capital stock K and the aggregate capital-labor ratio in
the previous period, M_1 = K_;/L_1, as the information that the consumers use when

they make decisions.

2. The consumers have to forecast tomorrow’s aggregate capital K’ and also need to
calculate today’s aggregate capital-labor ratio M = K/L (to know the prices today).

We use the following simple forecasting rules:

log(K') = ag + a1 log(K) + as log(z) + a3 log(M_1)

and

log(M) = by + by log(K) + by log(z) + bslog(M_1).

At the first iteration, make a guess for the values of ag, a1, ao, by, b1, and bs.
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3. Obtain the prices r and w from z and the forecasted M. Obtain T" from w, K, and the

forecasted M. Solve the optimization problem of the consumers.

4. Simulate the economy using the decision rules of the consumers obtained above. In
particular, we can obtain the time series of K and M. Check whether the law of
motion for K’ and the forecasting rule for M guessed above are consistent with the
simulated values. That is, run a regression using the simulated data to see if the
coefficients conjectured above are identical to the ones obtained from the regression
(also check the fit of the regression). If they are different, modify the coefficients and

go back to the previous step. Repeat until the coefficients have converged.

We find that this procedure works well in our model, and the resulting forecasting rules are
remarkably accurate. This means that even if we add more information to each consumer’s
information set, the consumer cannot forecast much better.

4.2.2 Results 1: The Model With Friction Shocks Only

One point that we want to emphasize is that a focus on two state models that completely
abstract from labor supply considerations can deliver misleading conclusions regarding the
kinds of shocks that account for labor market fluctuations. Consider the simple two state
model that Shimer (2005) used in his analysis. By construction, as in any two state model,
fluctuations in £ and U are mirror images of each other. Moreover, since in the data there

is relatively little movement in the participation rate, it follows that if one takes the flow

27



rates between F and U as measured in the data and exogenously feeds them into the model,
one will mechanically reproduce the fluctuations in £ and U found in the data. Researchers
who view the world through the lens of such a two state model will conclude that a sufficient
condition for understanding the key features of labor market fluctuations is to understand
movements in the two flow rates between E and U. In this section we examine this conclusion
in the context of our three state model.

To do this we assume that both A and o follow symmetric two state Markov processes
with persistence parameters py and p, respectively. Specifically, if we let A and & denote
the calibrated values of the two frictions, we assume that \ takes values in the set {\g, A}
where A\g = A+ ¢, and Ap = A — ¢y, and similarly that o takes values in the set {og,op}
where og = ¢ — ¢, and op = ¢ + ¢,. For simplicity, we assume that the two shocks are
perfectly (negatively) correlated, so that the aggregate realizations are either both good or
both bad. We therefore assume that py = p, = p, and consistent with much of the real
business cycle literature assume that p = .983. The values of € and ¢, are then set so that
in the simulated equilibrium, we match the volatility of frpy and fyg reported in Table 3.
The calibrated values are (Ag, Ag) = (0.51,0.37), (0, 0p) = (0.01254,0.01346).

By construction, the model will do a good job of accounting for the cyclical movements
in the two rates fpy and fyg. But how will it do in terms of the other dimensions? We start
by examining its ability to account for the cyclical properties of the three stocks: E, U and

N as well as output. Table 6 shows the results.
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Table 6
Behavior of Stocks with Friction Shocks Only

Volatilities: std(z) Correlations: corrcoef(x,Y)
Y u Lfpr E u Lfpr E
Data 016 .12 .003 .011 —.87 .46 .84
Frictions .001 A1 .007 .002 —-.91 —.80 A48

Several interesting results emerge. First, note that this model accounts for almost all of
the fluctuations in unemployment that are found in the data. Moreover, unemployment is
strongly negatively correlated with output fluctuations. Based on these two statistics, one
would conclude that the model with shocks to frictions does a good job of accounting for the
behavior of unemployment found in the data. And if we were in the context of a two-state
model, this result would necessarily carry over to the case of employment fluctuations as well,
since in such a model the two are mirror images of each other, a property which also holds
approximately in the data.

However, looking at the behavior of employment in Table 6, we see that the model
accounts for less than 20% of the movements in employment. Why is it that employment
fluctuations are not a mirror image of unemployment fluctuations in this model? The reason
is that in a model with an operative labor supply margin, individuals have the ability to make
choices that offset the direct effect of changes in frictions.' We will see this mechanism most
clearly when we look at the flows, but as a first step it is instructive to note the behavior

of the participation rate in Table 6. The magnitude of participation rate fluctuations in the

4Tn Krusell et al (2010) we demonstrated that this effect was quantitatively important in terms of steady
state outcomes. Here we see that the effect is also quantitatively significant in a business cycle context as
well.
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model are more than two times as large as in the data. Moreover, whereas in the data the
participation rate is mildly procyclical, in the model with only friction shocks it is strongly
countercyclical.

To examine the economic mechanisms in more detail, Table 7 reports results for the

behavior of labor market flows in the model and in the data .

Table 7
Cyclical Properties of Transition Rates: Model with Friction Shocks Only

Volatilities: std(x) Correlations: corr(z,Y)

fev fen fue fun fyne fynu  fev fen fue fun fne v
Data 085 .032 .077 .060 .043 .064 -—-.82 .33 78 78 64 =70
Model .085 .044 .077 .043 .087 .066 —.72 .43 .76 43 84 —.53

By construction, the model matches the volatility of the transition rates frpy and fyg.
Interestingly, the model also looks to do a reasonable job of capturing the behavior of many
of the other flows as well. However, the magnitude of the fluctuations in the two flows
between E and N are both roughly twice as large in the model as in the data. The relatively
high volatility in the transition rate from N to E is essentially a mechanical feature of our
model. In our model, transitions from N to E occur when an individual transitions from not
wanting to work in period ¢t — 1 to wanting to work in period ¢ and at the same time receives
an employment opportunity. Holding all else constant, this transition rate will increase
proportionately if the probability of receiving an employment opportunity changes.

In contrast, the change in the F to N transition rate reflects the influence of the op-
erative labor supply margin. When frictions are high (i.e., during bad times), individuals

adjust behavior in two ways. First, knowing that it is more difficult to receive employment
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opportunities, they become less likely to voluntarily leave employment, thereby generating a
procyclical flow from F to N.

We now return to the strong countercyclical pattern found for the labor force participation
rate. The intuition for this result is that when the employment opportunity arrival rate
decreases, individuals who are not employed understand that it is now harder to receive
employment opportunities and they become less concerned about trying to time employment
spells to coincide with periods in which their idiosyncratic value of z is relatively high. In
other words, the “reservation wage” (or “reservation productivity”) falls. Hence, when the
economy is hit by a negative friction shock, some individuals switch from not wanting to
work to wanting to work, leading to an increase in the flow of workers from N into U. This
effect is the mechanism behind the countercyclical fluctuations in fx, which is the pattern
we observe in the data.!®

In our framework, finding a job does not require any search effort on the worker’s side.
Consider an extension of our model in which a worker who is nonemployed has to exert some
(indivisible) search effort in order to receive a job offer. If this search effort is costly, only
some of the workers that we classify as being in U would choose to exert job search effort.'6
In the limit as the search cost approaches zero, all workers that we categorize as being in U

would choose to exert job search effort. In the case of a very small but strictly positive search

5Potentially, there is also a “liquidity effect” at work—in recessions there are more nonemployed workers
that are close to the borrowing constraint, thusincreasing their desire to work. We suspect that this effect is
quantitatively minor.

1Workersthat we identify as being in N do not exert any effort since they prefer to stay nonemployed even
without any search cost.
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cost, the discussion in the previous paragraph suggests that aggregate search intensity among
nonemployed workers increases during recessions. To some, this may sound counterintuitive—
since market work is more attractive during booms one might expect nonemployed workers
to search harder.!” However, in the presence of a shock that makes it easier for individuals
to find work, a nonemployed worker can search less precisely because it is easier to find a
job.

Whether nonemployed workers search harder during recessions is ultimately an empirical
issue. Recent work suggests that if anything, search intensity is countercyclical. For example,
Shimer (2004) examines several indicators of aggregate search intensity over time. One of
his indicators, the number of search methods used by attached workers, increased during
2001 (Figure 4). A similar pattern holds even when the sample is limited to active job
searchers (see his Figure 7). For earlier periods this measure of search intensity does not
exhibit a strong cyclical pattern, but it does always increase during recessionary periods (see
his Figure 8).1

In summary, although the model with shocks only to frictions can generate substantial

movements in unemployment, and captures many features of the transition rates, it generates

7This is the intuition behind Veracierto’s (2008) “puzzle”. If job search is a costly activity, workers will
choose to put more effort in job search when return to job search is higher, i.e. during booms, which in his
model correspond to periods of higher wages. In this case, job search effort, unemployement and labor force
participation rate all become strongly procylical. We return to this issue later when we add productivity
shocks to the model.

18Shimer (2004) questions the assumption that search effort and the ease of finding a job are complements
and he argues that it is plausible to have a modified view of job search effort where some workers respond to
deterioriating labor market conditions by increasing their search intensity. He then constructs a model where
search intensity can be countercyclical.
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changes in employment that are far too small, and changes in participation that are too
large and of the wrong cyclical correlation. While the appeal of this type of specification
is derived from the fact that researchers have examined it in settings with the participation
rate exogenously fixed, we find that this assumption of constant participation is in fact
inconsistent with the other features of the model when embedded into a setting that allows
for an empirically reasonable labor supply response along the extensive margin.

4.2.3 Results II: The Model With TFP Shocks Only

In this subsection we consider the case in which the only shock is a shock to aggregate TFP.
It is well known in the business cycle literature that this type of shock is capable of generating
fluctuations in employment and the components of aggregate output that capture the key
patterns found in the data. Our main objective here is to assess the ability of this case to
match the additional facts that we documented in Section 2. While there is no presumption
that this type of shock will work, we carry out this exercise because it is informative to
understand the successes and failures of this model vis-a-vis the data.

To that end we consider a symmetric two state Markov process on Z with persistence
parameter pz and Z taking values in the set {Zg, Zp}, where Zg = 14z and Zp =1—¢3.
To illustrate the effects of this type of shock we choose pz = 0.983 to be consistent with
much of the real business cycle literature. We choose €7 to match the standard deviation of
employment in the data. The resulting value is ez = 0.0290.

Panel B in Table 8 displays the cyclical properties for model generated data. For com-
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pleteness, we include values from the data in Panel A.

Table 8
Cyclical Properties of Labor Market Variables
A. Data
E w Afpr fev  fen fue fun fNne  fnu
std(x) .011 .12 .003 .08 .032 .077 .060 .043 .064

corrcoef(xz,Y) .84 —-87 46 -—-82 33 .78 .78 .64 —.70
corrcoef(z,x_y) .92 92 72 .73 .20 84 73 41 .75

B. Model
E u Ifpr fev fen fue fun fyne fnu
std(:ﬂ) .011 .03 010 .027 .03 .012 .051 .035 .034

corrcoef(x,Y) .96 —57 94 .02 —-28 —-.01 .05 —.16 -.17
corrcoef(r,x—y) .75 .38 .72 —.04 07 —-.07 .01 —-13 -—-.15

By construction, the model accounts for all of the fluctuations in employment in the data.
However, it fares poorly on many other dimensions. First, although the model does capture
the fact that the participation rate is procyclical and the unemployment rate is countercycli-
cal, it misses on the relative volatility of the two by an order of magnitude. In fact, the
standard deviation of the employment to population ratio is only slightly larger than that of
the labor force participation rate, implying that virtually all of the fluctuations in employ-
ment are due to fluctuations in participation. One critique of standard real business cycle
models such as Hansen (1985) was that although they could generate substantial fluctuations
in employment, they were silent on the issue of unemployment. By including frictions, our
model does allow one to connect with data on unemployment, and perhaps not surprisingly,
shows that when the only shocks to the model are to aggregate TFP, virtually none of the
employment fluctuations show up as offsetting fluctuations in unemployment.

Looking at the properties of the transitions, if one were to only look at the standard
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deviations one might conclude that the model is doing a reasonable job in capturing some of
the fluctuations. But when one looks at the correlations with output and the autocorrelations
it is apparent that the model is capturing virtually none of the dynamics that is present in
the flows in the data. The reason for the failure along this dimension is that this model does
not contain a mechanism that leads to persistence in flows. Consider the case in which the
economy receives a positive shock to Z. Working in the market becomes more favorable, and
effectively increases the region of (k, z) space in which it is optimal for an individual to work
if given the opportunity. This has two direct effects in terms of flows. One is that there is a
flow of people from out of the labor force into the labor force. Second, there is a decrease in
the flow of people from in the labor force to out of the labor force. However, these effects are
responses to the initial change in Z. If the value of Z remains high, there will not be similar
effects in subsequent periods.

It is of some interest to compare our findings from this exercise with the results in Ve-
racierto (2008). We note that although Veracierto’s model has predictions for the stocks of
workers in the three labor market states, the gross flows are not uniquely determined due
to the fact that in equilibrium many workers are necessarily indifferent between two tran-
sitions. However, we can compare predictions about the number of workers in each of the
three states. While there are some differences in details regarding model specification, he
also considers aggregate TFP shocks. Similar to us, he finds that although the model can

generate substantial fluctuations in employment, it fares very poorly in accounting for the

35



Figure 1: Response of labor market stocks to a positive Z shock.
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behavior of unemployment and participation. In particular, he finds that unemployment
becomes procyclical. Veracierto ascribes the procyclical unemployment rate to the fact that
when a high TFP shock occurs, individuals move from not-participating to participating,
thereby increasing unemployment because it takes time to find a job. Figure 1 shows the
dynamics in our model following an increase in Z from Zp to Zg assuming that Z remains
at this level. The figure shows that our model has the same initial response to an increase
in TFP as in Veracierto’s model; that is, there is an immediate jump in the size of the labor
force and an increase in unemployment. However, over time these individuals will become
employed, and in our model the unemployment rate approaches a lower level than attained
prior to the shock. This asymptotic response turns out to dominate the immediate effect in

terms of its effect on the correlation between the unemployment rate and output. Hence,
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while our model does not match the volatility of the unemployment rate, it does produce
a countercyclical unemployment rate. Despite this difference with the results in Veracierto,
our model displays quantitative responses that are quite similar to his.

4.3 Results III: Shocks to TFP and Frictions—The Benchmark

A very simple characterization of the findings from our first two exercises is that a model with
shocks to frictions can do a reasonable job of accounting for the behavior of unemployment
and many of the transition rates, whereas a model with shocks to TFP can do a reasonable
of accounting for the behavior of employment. Neither model seems capable of accounting
for the behavior of participation, in that in both cases participation seems to fluctuate too
much. However, it is interesting to note that although in both cases the participation rate
fluctuates too much, in the case of TFP shocks it is procyclical whereas in the case of friction
shocks it is countercyclical. Noting these results, it seems possible that a model that features
shocks to both frictions and TFP could do a reasonable job of accounting for a large set of
the labor market facts. In this section we show this to be the case.

As before, we assume that Z, A\, and o all follow symmetric two state Markov processes.
We adopt the same notation as before in terms of denoting good and bad states. Once again,
for ease of exposition, we focus on the case in which the shocks are all perfectly correlated, so
that there are only two realization that can occur: either all values are good or all values are
bad. Our main goal is to show that this type of specification can capture many of the facts

from Section 2. We set pz = 0.983 similar to above. ez is calibrated to 0.0287 to match the
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standard deviation of employment in the data. We choose the volatility of the two transition
rates between employment and unemployment so that their standard deviations are the same
as in the data. The calibrated values for the shock processes are (Ag, Ag) = (0.509,0.371)
and (0g,0p) = (0.01249,0.01351). Table 9 shows the results for the cyclical behavior of

employment, the unemployment rate and the participation rate.

Table 9

Behavior of Stocks with TFP and Friction Shocks
Volatilities: std(z) Correlations: corr(z,Y)

u  Afpr E U Lfpr E
Data .12 .003 .011 —.87 .46 .84
Model .13 .004 .011 —.98 .64 97

While the volatility of employment in the model is the same as that in the data by
construction, note that the model also does a good job of accounting for the size of fluctuations
in both unemployment and participation. Additionally, it also correctly accounts for the fact
that employment is strongly procyclical, the unemployment rate is strongly countercyclical,
and the labor force participation rate is weakly procyclical. We noted previously that in
each of the first two exercises, the participation rate fluctuated too much. However, because
the two shocks move participation in opposite directions, when both shocks are present the
overall effect on participation is much smaller than the individual effects. The cyclicality of
the participation rate is dependent on the relative magnitudes of the shocks. But a robust
feature of this specification is that the participation rate will exhibit much less cyclicality
than either employment or the unemployment rate.

Table 10 shows the results for the transition probabilities. This table shows that the model
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does a good job of accounting for the key patterns. The model captures the countercyclicality
of unemployment inflows (EU and NU flow rates), procylicality of unemployment outflows
(UE and NU flow rates) and mild procyclicality of the EN flow rate. The model delivers a

volatility and correlation (with output) for fyg that are somewhat too high.

Table 10

Flows in the Model with TFP Shocks and Friction Shocks
A. Data

fev  fen fue fun fne  fnu

std(x) .085 .032 .077 .060 .043 .064

corrcoef(z,Y) —82 33 718 .78 64 —.70
corrcoef(x,x_1) .73 20 .84 .73 41 .75

B. Model
fev  fen fue fun fve  fyu
std(z) 085 .032 .077 .049 .082 .065
corr(z,Y) -90 37 92 54 87 —.93
corr(z,x_1) 68 .07 .72 28 .69 .67

Figure 2 shows the dynamics of labor market flow transition rates in the benchmark model
following an increase in Z from Zp to Zg assuming that Z remains at this level. When
aggregate productivity switches from B to G, the employment opportunity arrival rate A
goes up and the separation rate ¢ goes down. These two shocks account for the behavior of
EU and UF transition rates following a transition from Zg to Zg. The behavior of NU and
NFE flows can be explained by the evolution A. Recall that in our framework when a worker
decides that she wants a job, she can receive an employment opportunity in the same period.
If A is high, a worker is more likely to receive an employment opportunity within the first
period and less likely to flow into unemployment. Therefore, N E flow rate increases and NU

flow rate decreases when Z increases from Zp to Zg. Both UN and EN flow rates show an
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initial decline right after the aggregate shock. This is the effect of the increase in the return
to work. Since the aggregate state is good, working becomes more attractive for consumers
and they react by lowering their transition rates into nonparticipation from employment and
unemployment.'® As the good state continues, this initial drop is reversed and inflows into
participation (UN and EN flow rates) increase. The behavior of EN flows is due to what
we call “the attenuation effect”. When job-finding prospects are better, consumers raise
their reservation productivity levels and hence are less willing to work. The change in the
average productivity of unemployed workers explains the increase in UN flows in the long-
run. During booms, the average productivity of unemployed workers is lower since more
productive workers can move to F quickly. As a result, there are many workers in U who
are close to the threshold of moving from U to N, causing an increase in the UN transition
rate.

Figure 2: Response of transition probabilities to a positive Z shock in the benchmark model.
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9This effect is very similar to the effect that we have seen in the model with shocks to market activity.
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Given that the above specification does a reasonable job of accounting for the cyclical
fluctuations of the labor market variables, it is of interest to decompose the fluctuations in
various series into the parts attributable to each of the three shocks: Z, A, and o. To do this
we simply recompute the model assuming that two of the three shocks are shut down. Table
11 does this for the three aggregates. It also reports the correlations of the variables with

output for each specification as well.

Table 11

Contribution of the Shocks: Stocks
Volatilities: std(x) Correlations: corr(z,Y)

Y u  Afpr FE U Lfpr E
Data .016 .12 .003 .011 —-.87 .46 .84
All .020 .13 .004 .011 —-98 .64 97
Z .018 .03 .010 .011 —-.55 94 .96
A .001 .10 .007 .002 -—-.89 .77 .45
o .000 .01 .001 .001 -.37 -—.13 12

Several results are notable. First, consistent with our earlier results, shocks to A are most
responsible for fluctuations in the unemployment rate whereas fluctuations in Z are most
responsible for fluctuations in employment. Note that allowing for fluctuations in frictions
does not diminish the role that TFP shocks in accounting for fluctuations in employment.
From the perspective of employment fluctuations the model looks very much like the model
that has only TFP shocks. The key effect of frictions vis-a-vis employment fluctuations is
that they change the participation dynamics so that unemployment fluctuations are now
much closer to being the mirror image of employment fluctuations. Fluctuations in o are
relatively unimportant for all three stocks. It may seem somewhat surprising that shocks to
o are so unimportant given that the transition rates between E and U fluctuate by roughly
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the same amount. To obtain some insight into this Table 12 carries out the same exercise for

the two transition rates between E and U.

Table 12
Contribution of the Shocks: Flows
std(x) corrcoef(x,Y)

fev  fue fev  fue
Data .085 .077 —.82 78

All 085 077 —.90 .92

z 026 .012 .03 .00
A 068 077 —.67 .74
o 033 .011 —-48 —.02

An interesting result here is that even when there are only shocks to A so that o is
constant, the model accounts for roughly 80% of the volatility in fgy. This is because
we allow individuals to receive an employment opportunity in the same period that they
experience an employment separation shock. It follows that the likelihood of an F to U flow
is affected by the value of A\. To see why this is, note that when X is low it is more likely
that a worker who experiences an employment separation will remain in the unemployment
state. This phenomenon in the model captures an important feature that is present in the
actual data. That is, in the household survey, an individual who transits from employment
to unemployment after an interview date, but who receives a job offer and starts to work
prior to the next interview date will be recorded as an F to E flow. The greater is the job
offer arrival rate, the greater is the chance that this worker will be recorded as an F to E
20

transition.

Note that in the model with only shocks to o there is also an effect on the transition

20 A5 an alternative exercise we could ask what types of fluctuations result if we assumed that there were
only shocks to o but that the size of these shocks were sufficient to match the volatility in frv.
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rate from U to E. This may at first seem somewhat surprising. However, this effect is due
to a one-time effect associated with changes in the value of 0. The nature of the effect is
that during good times (i.e., when o decreases), some people move from participation to
non-participation due to the fact that as it becomes easier to work when one desires, one
becomes more particular about timing periods of work with high values of the idiosyncratic
shocks. As a result, during the period in which o changes from high to low, some of the
previously unemployed move to non-participation and hence even though they receive em-
ployment opportunities they choose not to work. This causes a one-time reduction in fyg.
The fact that it is a one-time reduction is evident in the very low correlation between fyg

and output in the case of shocks to only o.

5 Conclusion

We have developed a general equilibrium model of gross worker flows and used it to study
the role of various shocks in accounting for business cycle fluctuations in the labor market.
A key message from our analysis is that our model offers important insights into the forces
that drive business cycle fluctuations in the labor market. In contrast to the implications
of standard two-state models that stress matching frictions, we find that fluctuations in
employment loss and employment offer rates are unable to account for the key patterns in
labor market variables over the business cycle. However, we find that a model that features
both fluctuations in these rates in addition to fluctuations in the aggregate return to market

activity is able to account for the main features not only of labor market aggregates but also
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of gross worker flows.

Our model offers a rich description of individual labor supply in a setting with hetero-
geneity, search frictions and an empirically reasonable market structure. It is the first paper
to consider the effects of aggregate shocks on individual labor market transitions in this set-
ting. It is therefore a useful framework for assessing a variety of further issues, such as the
heterogeneous effects of business cycles on various subgroups of the population. While we
have focused on aggregate shocks to frictions and the return to market activity, we can also

study other aggregate shocks, including various candidates for demand shocks.
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