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Abstract

This paper develops three facts about the cyclical behavior of the labor market in
the U.S. and explores whether existing models are consistent with those facts. I find
that a standard model of search unemployment with wage bargaining either counter-
factually predicts a positive correlation between unemployment and vacancies over the
business cycle or predicts an order of magnitude more wage cyclicality than is observed
in the data. I then consider an alternative environment with endogenous wage deter-
mination and show that while theoretically this can improve the performance of the
model, it does not help under the most empirically plausible parameter restrictions. I
conclude that some other source of real wage rigidities amplifies cyclical fluctuations.
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1 Introduction

In recent years, the search and matching model has become the standard theory of
equilibrium unemployment (Pissarides 2000). The model is attractive for a number
of reasons: it is analytically tractable; it has rich and generally intuitive comparative
statics; and it can easily be adapted to study a number of labor market policy issues,
such as unemployment insurance, firing restrictions, and mandatory advanced notifi-
cation of layoffs. Given these successes, one might expect that there would be strong
evidence that the model is consistent with key business cycle facts. On the contrary, I
argue in this paper that the existing literature on the cyclical behavior of equilibrium
search models, reviewed briefly in Section 5, has misread some important facts and as
a result has claimed unwarranted success. This paper documents three facts that a
model of equilibrium unemployment fluctuations should be able to explain — at least
one of which is contrary to the conventional wisdom - and then explores whether the
search and matching model can explain those facts. My main conclusion is that the
standard model of equilibrium unemployment lacks sufficient wage rigidity.

Section 2 describes the three facts. First, I document the near acyclicality or modest
procyclicality of real wages. A one percentage point increase in the unemployment
rate 1s associated with at most a half a percent decline in wages on average. By
using several measures of wages, I show that that this is true after including non-
wage compensation and after controlling for the various “composition biases” that
alter the pool of employed workers during the business cycle. On the other hand, 1
find that nonlabor payments are more strongly procyclical. Second, I document the
strong negative correlation between unemployment and vacancies at business cycle
frequencies. Indeed, I show that the product of unemployment and vacancies is nearly
acyclic. As long as the difficulty of finding a job is decreasing in the number of vacancies
and increasing in the number of unemployed workers, this implies it is more difficult
for workers to find jobs during a recession. Finally, I show that in a well-defined sense,
the labor market is always very nearly in steady state, although the steady state moves
around during the business cycle. More precisely, I use labor market transition rates to
construct a measure of what the unemployment rate and employment ratio would have
been in each month if the labor market stocks were in steady state. 1 show that this
construct, the ‘low unemployment rate’, very closely tracks the usual ‘stock’ measure
of unemployment.

Section 3 examines whether the standard model of equilibrium unemployment
(Pissarides 2000) is consistent with these facts. I show that the model makes pre-

dictions about the relationship between real wages and labor market transition rates




and between vacancies and labor market transition rates. Using the third fact, that the
labor market is very nearly in steady state, I transform these into relationships between
real wages and the unemployment rate and between vacancies and the unemployment
rate. | then compare these theoretical relationships with the associated empirical re-
lationships, the first two facts. I show that if ¢yclical unemployment fluctuations are
not driven by movements in the job destruction rate or shifts in the matching function,
the standard search model can easily explain why vacancies, and hence the difficulty
of finding a job, is procyclical. On the other hand, if fluctuations were driven by such
shocks, there would be a strong and counterfactual positive correlation between unem-
ployment and vacancies over the business cycle, so that the difficulty of finding a job
would be acyclic. Conversely, I show that the cyclicality of the difficulty of finding a
job is inconsistent with the near acyclicality of the real wage. The model predicts that
a decline in the unemployment rate from 5 percent to 4 percent should be associated
with approximately a 30 percent decline in wages. I conclude that the standard model
of equilibrium unemployment cannot reconcile the first two facts.

Section 4 considers an alternative wage setting environment, the ‘competitive search
equilibrium’ (Montgomery 1991, Peters 1991). Firms commit to wages before hiring
workers and are willing to offer high wages because doing so increases their hiring
rate. I show that under some additional assumptions, the competitive search model
predicts that real wages are much less procyclical or even mildly countercyclical, even
in the face of procyclical vacancies. Effectively, it is as if in the standard search model,
workers’ bargaining power is countercyclical. However, I offer some evidence that
suggests these additional assumptions are not satisfied. Instead, wages are as flexible
in the competitive search equilibrium as in the standard model. This means that [ am
left without an explanation for the observed rigidity of real wages. Moreover, since
the equilibrium of the competitive search model is socially optimal, the rigidity of real
wages is socially inefficient.

Section 5 reviews the existing literature on search models of unemployment. Sec-
tion 6 concludes by conjecturing about why wages might be less cyclical than standard

models predict.




2 Three Labor Market Facts

2.1 Real Wage Cyclicality

The modest cyclicality of the real wage is a central fact in macroeconomics.! Since
a substantial contribution to this literature goes beyond the scope of this paper, this
section simply replicates some standard evidence. I consider three Bureau of Labor
Statistics (BLS) measures of real wages: Average Hourly Earnings as measured by
the BLS establishment survey, the Current Employment Statistics; Average Hourly
Compensation, constructed from the National Income and Product Accounts; and the
Employment Cost Index, measured using the BLS National Compensation Survey.
All wage series are deflated by the Consumer Price Index for all Urban Consumers.?
Despite the differences in these three measures of real wages, discussed in more detail
below, the results are quite consistent across measures: a one percentage point increase
in the unemployment rate reduces real wages by at most half a percent.

Average Hourly Earnings (AHE) of production and non-supervisory workers in pri-
vate non-farm employment, constructed from employers’ monthly payroll data, is a
relatively narrow measure of wages. While AHE measures income hefore any deduc-
tions and includes paid vacations, sick days, and overtime, it does not include employee
benefits, irregular bonuses, tips, and in-kind payments. Nevertheless, it is probably the
best-known measure of wages, and so I begin with it. Figure 1 shows that there is a
weak negative correlation between the real AHE of production workers and the un-
employment rate, a convenient measure of the state of the business cycle. This is
commonly quantified via a regression of the log deviation of the wage from its trend
on the absolute deviation of the unemployment rate from its trend, so the coefficient
estimates are semi-elasticities. Column 1 in Table 1 shows that a one percentage point
increase in the unemployment rate is associated with a half a percent increase in the
wage rate using annual data from 1947 to 2001. The low Durbin-Watson statistic indi-
cates autocorrelation in the residuals, and so next column re-estimates the relationship
in first differences. The point estimate of the response of wages declines insignificantly
to about 0.4 percent. Since 1964, AHE estimates have been available on a monthly
basis. Column 4 shows that adjusting the frequency of the data has some effect on
these estimates; estimating the same equation on monthly data yields a still-lower re-

sponsiveness of AHE to the unemployment rate. Moreover, column 3 indicates that

LAbraham and Haltiwanger (1995) recently reviewed the relevant empirical evidence.
2Using other price deflators, e.g. the producer price index, which measures the firms’ labor costs, makes
wages appear more countercyclical (Abraham and Haltiwanger 1995).




this is not due to the time period considered. If anything, AHE are more cyclical in
recent years. Finally, in all cases the low R? shows that little of the variation in AHE
is correlated with movements in the unemployment rate.

The National Income and Product Accounts (NIPA) provide a broader measure
of compensation, including both the wage and salary information in AHE as well as
tips, bonuses, and in-kind payments. Moreover, this broad measure of compensation
includes the imputed cost of proprietors’ and unpaid family workers’ labor services.
Dividing by hours data from the Current Employment Statistics yields the NIPA mea-
sure of Average Hourly Compensation (AHC) in the non-farm business sector. Despite
the different methodology for constructing AHE and AHC, the correlation between the
detrended series is 0.80, as Figure 1 demonstrates graphically. Column 5 in Table 1
shows that there is essentially no correlation between changes in AHC and changes in
the unemployment rate in annual data from 1947 to 2001, while column 6, which uses
quarterly data over the same time period, finds statistically insignificant evidence for
a slight negative correlation between AHC and the unemployment rate.

A common explanation for the near acyclicality of real wages is that this is due to
a composition bias as the structure of employment naturally changes over the business
cycle® In part to address this concern, the BLS has since 1975 produced a third
measure of wages, the Employment Cost Index (ECI), wages and salaries only, for
private industry workers. Essentially, the ECI is a Laspeyres price index, meaning
that in calculating ECI inflation from quarter to quarter, the composition of jobs is
held fixed at the beginning-of-period value and used as weights in the computation of
the overall employment cost inflation. If wages do not change in surviving jobs, the ECI
will also not change, even if the composition of job loss is unequally distributed across
income groups. Figure 2 shows that again, despite the very different method by which
they are constructed, the ECI and AHE behave similarly over their common sample
period. Still, a regression of the detrended log ECI on the detrended unemployment
rate in first differences yields an insignificantly positive coefficient estimate and has
almost no explanatory power (Table 1, column 7).* During the same sample period
and at a quarterly frequency, there is a modest negative relationship between the

unemployment rate and the AHE measure (column 8) and a slight positive correlation

380lon, Barsky and Parker (1994) is probably the best known paper on composition bias. Appendix A
discusses the relevant composition biases and the extent to which they are addressed by the ECIL

+The National Compensation Survey has two measures of compensation costs, wages and salaries, which
I have used here, and benefits. Benefit cost data are available quarterly since 1980. Although real benefit
costs have increased sharply, they show no significant cyclical volatility. As a result, regressing the change
in detrended log total compensation costs on the change in the detrended unemployment rate yields very
similar results: a coefficient estimate of 0.17, smaller than the standard error 0.20.
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between the unemployment rate and AHC (column 9). I conclude that no matter how
we measure them, real wages are nearly acyclical. A one percentage point increase
in the unemployment rate is associated with at most a half a percent drop in wages,
although some measures indicate that there is no change at all.

Explicit or implicit contract theory (Baily 1974, Azariadis 1975) argues that firms
smooth risk-averse workers’ wages over the business cycle in the presence of incomplete
markets. When the unemployment rate rises, the expected present value of wages may
decline sharply but the current flow of labor income scarcely moves at all. Since in
a standard competitive economy with a Cobb-Douglas aggregate production function,
wages are equal to the marginal product of labor, which is in turn proportional to the
average product of labor (APL), we can quantify the importance of this phenomenon by
looking at the cyclical behavior of the APL rather than at wages. The NIPA provides
the standard measure of the APL, output per hour in the non-farm business sector.
Like AHC, this is available quarterly since 1947. Column 10 in Table 1 shows that a one
percentage point increase in the unemployment rate is associated with a one-third of a
percent decline in the APL, just at the borderline of statistical significance. Although
the greater cyclicality of the APL relative to AHC is qualitatively consistent with the
predictions of implicit contract theory, it is still not quantitatively very large.

Another way to look at this is through an accounting identity. Output either accrues
to labor in the form of compensation or else is measured as nonlabor payments. The
latter category includes payments to capital, corporate income taxes, and pure profits.
If an increase in the unemployment rate is associated with a larger decline in the APL
(output per hour) than in AHC (labor compensation per hour), nonlabor payments
normalized by hours worked (NLP) must decline by even more. Column 11 in Table 1
confirms this logic. The semi-elasticity of NLP with respect to the unemployment
rate is -0.8, and is statistically negative at conventional levels of significance. In other
words, during recessions there is essentially no change in wages and a modest decline
in profits, taxes, and payments to capital. From the perspective of implicit contract
theory, the puzzle is not to explain why wages are acyclical but instead why measured

nonlabor payments are not more strongly procyclical.

2.2 Vacancies and Unemployment

This section examines the cyclical behavior of the Conference Board help-wanted ad-

vertising index, the best available proxy for vacancies (Abraham 1987).> Panel a in

5«Job vacancies are defined as current unfilled job openings in your establishment which are immediately
available for occupancy by workers from outside your firm and for which your firm is actively seeking such




Figure 3 shows that after accounting only for extremely low frequency fluctuations —
an HP filter with smoothing parameter 107 — the correlation between help-wanted ad-
vertising and unemployment from 1951 to 2001 is —0.876. This relationship has been
noted before. A scatter diagram of the inverse relationship between vacancies and un-
employment is often called the ‘Beveridge curve’. Abraham and Katz (1986) argued
that the correlation is inconsistent with Lilien’s (1982) sectoral shifts hypothesis, and
instead indicates that business cycles are driven by aggregate fluctuations. In their
article entitled ‘The Beveridge Curve’, Blanchard and Diamond (1989) conclude that
at business cycle frequencies, shocks generally drive the unemployment and vacancy
rates in the opposite direction. Less well known is that the standard deviation of the
cyclical fluctuations in the two series is almost identical, 0.192 for unemployment and
0.195 for help-wanted advertising. Put differently, the product of unemployment and
vacancies is much less cyclical that either of the underlying series (panel b). Over the
full sample period, the correlation between the unemployment rate and the product of
unemployment and vacancies is 0.22, so the product is mildly countercyclical. However,
in more recent years the product has become slightly procyclical, e.g. a correlation of
-0.1 with the unemployment rate since 1970.

An implication of this finding is that it should be harder to find jobs during a
recession. Assume that the number of newly hired workers is given by an increasing
and constant returns to scale matching function m(u,v), depending on the number of
unemployed workers and the number of vacancies. Then the probability that any indi-
vidual unemployed worker finds a job, the average transition rate from unemployment
to employment, is A*¢ = ﬂ:_v) = m(1,v/u), increasing in v and decreasing in u. Since
v is procyclical and v is countercyclical, it follows immediately that A*¢ is strongly
procyclical. In the next section, I measure this transition rate directly and confirm
that it is strongly procyclical (Figure 4, panel d). The transition rate from out of the
labor force directly into employment is also procyclical (panel g).

The finding that the transition rates into employment are procyclical might ap-
pear to contradict Blanchard and Diamond’s (1990) conclusion that “the amplitude

workers. Included are full-time, part-time, permanent, temporary, seasonal, and short-term job openings.”
(from Subcommittee on Economic Statistics of the Joint Economic Committee 1966, p. 166). Abraham
(1987) shows that vacancies and help-wanted advertising in Minnesota track each other very closely through
two business cycles from 1972 to 1981. Vacancy data are otherwise unavailable in the United States.

6 A more robust result is that the product of unemployment and vacancies lags the unemployment rate by
about two years. This may reflects a better known result, that vacancies lead unemployment by about two
years. Pissarides (1987) argues that the ability of a simple search model to match this fact is an empirical
success. Since the loops are much less pronounced than the inverse relationship between unemployment and
vacancies at business cycle frequencies, I do not emphasize them here.




in fluctuations in the flow out of employment is larger than that of the flow into em-
ployment.” This is easily reconciled. Blanchard and Diamond look at the number of
people entering or exiting employment in a given month, while I focus on the probabil-
ity that an individual enters or exits employment given her current employment state.
Although the probability of entering employment declines sharply in recessions, this is
almost exactly offset by the increase in the unemployment rate, so that the number of
people finding jobs is essentially acyclic. Again, with an increasing matching function
m(u,v), that is only possible if procyclicality of vacancies offsets countercyclicality of

unemployment, which is further support for the direct evidence.

2.3 Labor Market Stocks and Flows

Consider the evolution of the stock of workers in different employment states, e; (em-
ployment), u; (unemployment), and n; (not in the labor force). Standard models of
equilibrium unemployment, including the models analyzed in Sections 3 and 4 below,
describe a two-step link between the exogenous state of the economy, e.g. productivity,
and the state of the labor market s; = {es, us, 7 }. First, the state of the economy
determines the flow of workers between labor market states, a Markov transition ma-
trix A;, independent of s;_;. Second, the transition matrix determines the evolution
of the state of the labor market via the transition equation s; = A;s;—1. The goal
of this section is to show that, empirically, the dynamic behavior of the state of the
labor market is governed almost entirely by the first link.” For all practical purposes,
the state of the labor market is given by the stationary distribution of A¢, sf = Ass;.
This finding is convenient because it means that, although economic theory provides a
direct link only between the state of the economy and transition rates, we can usefully
discuss the relationship between the state of the economy and the state of the labor
market by imposing the restriction that the state of the labor market is given by the
stationary distribution of A.

I first use matched Current Population Survey (CPS) data sets to measure labor
market transition rates A;.* In a typical month, I observe the current and lagged

13

"Pissarides (1986) makes a similar point using annual data for Britain. He writes “...the rates in and
out of unemployment in Britain (and much more so in countries with higher turnover in the labour force like
the US) are sufficiently high that for given constant rates, the adjustment in the unemployment relationship
implicit in the stock-flow identity is completed within a year. Hence for year-to-year changes in unemployment
... we may solve for unemployment from the stock-flow identity by setting [the change in the unemployment
rate] to zero” (p. 505). Abraham and Shimer (2001) demonstrate this using annual data for the U.5.. Tbelieve
this is the first paper to document the monthly behavior of the flow unemployment rate and employment
ratio.

8The CPS is a rotating panel. Individuals are in the survey for four months, out for eight months, and
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employment status of at least 70,000 individuals. Weighting these observations by
the average of the individual’s current and lagged basic CPS weights and summing
yields a measure of the nine labor market transition rates, e.g. the employment-to-
unemployment transition rate A%, etc..” Figure 4 shows the nine time series plotted
against the unemployment rate for reference.

Next, observe that if the transition matrix A were constant over time, the state
vector s would eventually converge to a stationary distribution s* = {e*, u*,n*}, the
normalized eigenvector associated with A’s unit eigenvalue. Even out of steady state,
the time-varying eigenvector s, the solution to s; = A;s}, measures the current state
L
ey tug

uses labor market flows (A;) to measure something akin to the unemployment rate.

of the labor market. In particular, call the ‘flow unemployment rate’, since it
Similarly, call ef the ‘low employment ratio’.

Panel a in Figure 5 compares the flow unemployment rate to the standard ‘stock’
measure of unemployment from 1967 to 2001, while panel b compares the flow and stock
employment ratios. Both flow series track the associated stock series very closely, al-
though the flow series exhibit more high frequency volatility and have a somewhat lower
mean value than the stock series. This implies that the additional dynamics generated
by the transition equation s; = A¢8;—1 are not quantitatively important. The dynamic

properties of the state of the labor market simply reflect the dynamic properties of the

then in again for four months, with approximately % of the sample in each of the eight ‘rotation groups’ in
each month. The structure of the rotating panel implies that an individual who is the first or fifth rotation
group in one month was not interviewed the previous month, and so % of the sample cannot be matched.
I attempt to match the remaining individuals using household identifiers, line numbers, rotation group,
race. sex, and age. The values for each of these variables must be the same in month ¢ — 1 and ¢, except for
rotation group (which must increase by 1) and age (which may increase by 1 or remain constant). I also drop
all observations that are not uniquely identified by these measures within a given survey. This matching
procedure is imperfect both because of survey attrition and because of mistakes in recording identifying
information (Madrian and Lefgren 2000). In practice, I am able to match approximately 90 percent of the
individuals in rotation groups 2 to 4 and 6 to 8 with records in the previous month’s survey. I defer a
discussion of the shortcomings of matching CPS files until Section 2.3.

9Hoyt Bleakley provided me with time series from June 1967 to December 1975, which were originally
constructed by Joe Ritter. Because of survey redesigns and privacy restrictions, I could not construct
transition rates in January 1976, January 1978, July 1985, October 1985, January 1994, and June to October
1995. T seasonally adjust the transition rate data using a ratio-to-moving average technique that allows for
missing observations and for time-variation in the seasonal factors. I first take the ratio of the actual time
series to a centered 12-month moving average of the time series. I only construct this ratio when all of the
relevant 13 months’ data are available. I then calculate a nine-year centered moving average of the ratio for
each month. I construct this variable, the seasonal factor, even if some of the relevant data is unavailable.
Finally, I take the ratio of the unadjusted time series to the seasonal factor whenever the unadjusted data
is available. In practice, I obtain very similar results with the Census X-12 procedure. The disadvantage to
that approach is that it is harder to understand exactly what is happening and moreover it is necessary to
interpolate the missing observations.




transition matrix. This result should be of some independent interest.1

There is a large literature documenting deficiencies in the measurement of labor
market transition rates. Some of these might have implications for the close relationship
between the stock and flow measures of the state of the labor market. I discuss three
of them here.

First, there is a strong rotation group effect that reduces the measured flow un-
employment rate and employment ratio. From 1976 to 2001, the period of time for
which I have access to the CPS micro data, the reported unemployment rate in the
first rotation group averaged 7.6 percent (0.47 percentage points) higher than the un-
employment rate in the remaining sample. The comparable figure for the employment
ratio was 1.5 percent (0.76 percentage points) higher. Pairwise tests strongly reject
equality of the unemployment rate and employment ratio across rotation groups (Ta-

A1 Because

ble 2), although the bias in other rotation groups is much less significant
of this rotation group effect, labor market transition estimates will overestimate the
number of people exiting employment and to a lesser extent unemployment. This re-
duces my estimate of the steady state fraction of the population in that state, i.e. it
reduces the measured flow unemployment rate and employment ratio. To get around
this problem, I drop matched records linking the first and second rotation groups.
Second, there is non-random attrition from the survey, with unemployed workers
more likely to exit the sample. While the CPS weights compensate for this in measuring
the actual unemployment rate and employment ratio, this may still bias estimated
transition rates. Suppose, for example, that workers tend to drop out of the sample
when they lose their job. Then I will underestimate the employment-to-unemployment
transition rate A\¢*, reducing the measured flow unemployment rate. In addition, since
the BLS time series for the unemployment rate and employment survey come from
the full CPS sample, not the subset of matchable files, my stock and flow measures
refer to slightly different populations. I take two measures to correct for non-random
attrition. First, I measure the stock data directly from the matched CPS files. Second,

10For example, Cole and Rogerson (1999) explain the persistence of unemployment fluctuations, e.g. the
high serial correlation of the change in the unemployment rate, by arguing that the unemployment rate only
slowly adjusts to its steady state value, the flow unemployment rate. On the contrary, I have shown that
the flow unemployment rate exhibits as much persistence as the stock unemployment rate, and so to explain
the persistence of the unemployment rate, one must explain why transition rates adjust very slowly.

1 There is a small literature on rotation group biases in the CPS. Solon (1986) writes “Why responses vary
systematically with time in the sample is unknown, but possible factors include conditioning of respondents
or interviewers by repeated contacts, differences among rotation groups in the length and content of the
questionnaire and differences in nonresponse, which household member is interviewed, and whether the
interview is conducted by telephone or in person” (p. 105). Curiously, the rotation group bias was essentially
unchanged by the major redesign of the CPS in 1994.




I introduce a fourth state to the vector s;, ‘missing from the CPS’.*? I measure the
transition rate in and out of this state using all workers who cannot be matched from
month to month (except those who cannot be matched because their rotation group
enters or exits the sample).!> Together with the correction for rotation group biases,
this eliminates the average gap between the stock and flow unemployment rates and
employment ratios.

Finally, Abowd and Zellner (1985) and Poterba and Summers (1986) have doc-
umented that classification errors, where an individual’s employment status is mis-
takenly recorded, significantly increase the estimated labor market transition rates.
Fortunately, this should not be a significant problem for this exercise. Assuming that
workers are on average classified correctly, i.e. that the stock unemployment rate and
employment ratios are correctly measured in every month, classification errors will not
affect the measured flow rates. The proof of this claim is simple. Let A; denote the
measured transition matrix and A; denote the true transition matrix, with no classifi-
cation errors. If workers are on average classified correctly, the evolution of the state
vector satisfies both s; = ]\tstﬁl and s; = Ass;—1. I have already shown that using the
measured transition matrix As, the state vector is always essentially in steady state,
sy = s; satisfying s} = Ass. This implies s7 = A¢s} as well, so the current state is also
the eigenvector associated with the unit eigenvalue of the true transition matrix A.

As further confirmation of this reasoning, I have replicated my analysis using Abowd

12This appears to be a novel way to address non-random attrition. Other methods, e.g. estimating the
likelihood of attrition for workers with different characteristics and adjusting the measured transition rates
accordingly, have little effect on the measured transition rates (Bleakley, Ferris and Fubrer 1999).

13 A potential issue with this procedure is that I cannot measure the “missing-to-rnissing” transition rate,
since such workers never appear in the CPS. Fortunately, the number of such transitions does not affect the
distribution of workers across the three ‘real’ employment states, and hence does not affect my estimate of
the employment ratio or the unemployment rate. To see why, denote the state vector by s = {x, m}, where
z = {e,u,n} are the three usual states. Similarly divide the transition matrix A into blocks, a 3 x 3 matrix
A®% containing the usual transition rates, a 3 x 1 vector A™* containing the likelihood of exiting ‘missing’,
a1 x 3 vector A*™ containing the likelihood of entering missing, and A™™, the unmeasured missing-tnissing
transition rate. Steady state imposes two restrictions: £ = A®*z+A™"m and m = A*"z+A""m._ Eliminate
m from the first equation using the second to get

e (e A )

_ Amm

Since the elements of the last column of A sum to 1, 1-A™* = 1 — A™™, where 1 is a 1 x 3 vector of 1s. This
means that the fraction I_L:\“:—;- is independent of A™™. By normalizing A™™ to zero, we find that accounting
for non-random attrition effectively modifies the transition matrix for z from A** to A®® +A™®. A*™. Since
1. A™® = 1, it is straightforward to verify that this new 3 x 3 matrix is still Markov. I conclude that
the stationary distribution of workers across the three real employment states « is given by the normalized
eigenvector associated with the unit eigenvalue of A*® + A™* - A*™, given the normalization A™™ == 0.
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and Zellner’s adjusted labor market transition rate series from 1968 to 1986,* with no
significant effect on the relative behavior of the stock and flow rates.

In any case, a useful way to think about classification errors are that they increase
the measured duration dependence in the data. It is more probable that a worker who
is measured unemployed in two consecutive months is correctly classified than a worker
who just became unemployed. Thus thinking about classification error naturally leads
one to think about the labor market as having many more employment states. By
matching CPS files across three months, I can begin to capture this idea. Define
a worker’s employment state by her employment status in the previous and current
month. Thus EE denotes a worker who was employed last month and this month,
EU a worker who was employed last month and unemployed this month, etc. Treating
‘missing from the sample’ as an employment state, this expands the state vector to
16 possibilities. Using matched CPS files across three months, I can measure the
transition rate between these 16 states. For example, a worker who is employed in
January, unemployed in February, and employed again in March counts as an EU
to UE transition from February to March. Obviously many of the 256 transitions
are impossible, since a worker who is unemployed in February can only transition to
four states in March: UE, UU, UN, or UM. Nevertheless, the resulting Markov
transition matrix is regular and so the eigenvector associated with its (unique) unit
eigenvalue gives the steady state distribution of workers across employment states.
This flow distribution can be compared to the stock distributions obtained by matching
individual records across ouly two months.

In any given month, the necessary information exists for at most half the CPS
sample (e.g. in March, rotation groups 3, 4, 7, and 8 can potentially be matched with
records from January and February). Moreover, I throw away matches between the
first three rotation groups to avoid the rotation group effects discussed above, leaving
me with % of the original CPS sample. Because I cannot locate public use micro data
from the CPS before 1976, I restrict the sample period to 1976 to 2001. Figure 6

confirms that performing all three corrections only tightens the relationship between

the stock and flow measures of employment and unemployment.’> On average, the
flow unemployment rate is only 2.1 percent below the actual unemployment rate (0.11
percentage points). The standard deviation of the difference between the two series

4] am grateful to Olivier Blanchard for providing me with this data. This series attempts to reduce
classification errors by using data from reinterviews.

15The (flow or stock) unemployment rate, for example, is defined by zg +UUfZ“&§’ﬁ‘E%KU gy Where
XY is the (flow or stock) measure of the number of individuals in state XY in the appropriate month. Thus
both measures ignore individuals who were missing from the survey in either month.
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is also small, 0.38 percentage points. The correlation between the flow and stock
employment ratio is less impressive but still quite strong (Panel b). In particular,
the flow series captures the trends and cyclical fluctuations in the employment ratio,

although with considerable noise.

3 Search Model of Equilibrium Unemployment

This section explores whether a standard search model of equilibrium unemployment
(Pissarides 1985, Pissarides 2000) is consistent with the three facts outlined in the
previous section. I use both theoretical arguments and numerical examples to show
that if cyclical fluctuations were driven by shocks to the rate of job destruction, the ratio
of vacancies to unemployment would be nearly acyclic. This sharply contrasts with the
empirical evidence that the product of vacancies and unemployment is acyclic. Next [
use a similar combination of theory and numerical examples to examine the behavior
of the model if cyclical fluctuations are driven by shocks that affect the real marginal
product of labor, e.g. productivity shocks. I find that while the model is consistent
with the Beveridge curve evidence, it predicts that wages would be strongly procyclical.
For example, suppose wages are approximately twice unemployment income. Then the
model predicts that at a five percent unemployment rate, the semi-elasticity of wages
with respect to the unemployment rate would be approximately —40 (see equation 17
below). The data indicates that the semi-elasticity likely lies somewhere between --0.5
and 0. In response to both types of shocks, the model is unable to replicate key
employment fluctuation facts.

The model deliberately abstracts from other potential explanations for this evi-
dence, e.g. a high intertemporal elasticity of substitution in labor supply Lucas and
Rapping (1969). In part this represents my skepticism about these explanations. But
in addition, by considering one aspect of the labor market in isolation, I hope to clar-
ify whether search frictions alone reduce real wage cyclicality and increase the size of

employment fluctuations.

3.1 Benchmark Model

The economy consists of a continuum of measure 1 of infinitely-lived, risk-neutral
workers and a continuum of infinitely-lived, risk-neutral firms. Time is discrete and
all agents discount future payoffs with factor § < 1. Workers can be either employed

or unemployed. Employed workers inelastically supply a unit of labor and earn a
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wage wy, where H is the current state of the economy, defined more precisely below.
Unemployed workers search for a job and earn an unemployment benefit b. Firms have
a constant returns to scale production technology that uses only labor. Each employee
produces pg units of output. Although I will call pg firms’ productivity, aggregate
demand shocks would also enter the model via their influence on the value of firms’
output. In order to hire workers, the firms must open vacancies, which they do if
there are profits to be made. Each open vacancy costs ¢, but may give the firm the
opportunity to hire a worker.

More precisely, let ug denote the beginning-of-period measure of unemployed work-
ers (hereafter the unemployment rate) and vy the measure of vacancies. The number
of matches in the economy is given by the constant returns to scale matching function
m(ug,vy), increasing in both arguments. The probability with which an unemployed
worker contacts a firm is Aff = m(1,60p) and the probability with which each vacancy
contacts a worker is g = m(1/60p,1), where g = vp/uy measures the tightness of
the labor market. Finally, employed workers lose their job and become unemployed
with exogenous probability A%}, the same probability with which firms lose employees.

There are generally bilateral gains from matching. In this section, I follow the
bulk of the literature and assume the gains from trade are divided according to a
Nash bargaining solution. At any point in time, the worker can threaten to become
unemployed and the firm can threaten to end the job. The present value of surplus
beyond these threats is divided between the worker and firm, with the worker keeping
a fraction y € (0, 1) of the surplus, her “bargaining power”. The next section considers
an alternative wage-setting arrangement.

The state of the economy H consists of the entire history of productivity p and
of the job destruction probability, A*. The history H is common knowledge and the
joint distribution of future productivity and job destruction shocks is measurable with
respect to H. I assume that both p and A** have bounded support. Moreover, for all
histories H, pg > b with probability 1.

The key endogenous variables are the wage wg, the vacancy-unemployment ratio
0y, and the unemployment rate u;. The first two variables are pinned down by the
Nash bargaining solution and the free entry condition for vacancies. The third variable

is a state variable, and it evolves according to the difference equation
we = AL = ) + (1= Af)uen (1)

where H is the state of the economy at the start of period t. The unemployment rate

this period is the sum of the number of employed workers, of measure 1 — uz—1, who
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lose their job, with probability A%'; and the number of unemployed workers, of measure
u_1, who do not find a job, with probability 1 — A%. Note that the unemployment
rate uy_7 is not part of the state of the economy. I show below that it is possible to
characterize the equilibrium without reference to this variable and then to go back and

solve for the dynamics of the unemployment rate using (1).

3.2 Equilibrium Analysis

I solve for the equilibrium of the economy using Bellman equations. Let Up denote
the expected present value of income for an unemployed worker and Ey denote the
expected present value of income for an employed worker, each expressed as a function

of the history H. These satisfy

Uy =b+ﬂ]EH()\1;IeEHl+(1—/\}ff)UHI) (2)
and Fyg = wyg + ﬁ]EH((l — A?}‘)EH/ + )\i}LUHI), (3)

where Ep is the expectations operator conditional on the current history H and H’ is
the history in the next period. For notational simplicity I express the transition rates
A2 and A®* directly as functions of H. Similarly, the value of a vacancy Vg and the
value of a filled job Fy satisfy:

Vi = —c+ BExu(guFa + (1 — au)Var) (4)
and Fy = pg —wy + BEu((1 — MY)Far + A5 V) (5)

There are also two key equilibrium conditions. The Nash bargaining solution implies
(1 —7)(Ex — Un) =~(Fa — V) (6)

for all H, while the free entry condition on vacancies implies Vi = 0 for all H.

Rewrite equations (3) and (5) as

Eg ~ Uy - B(1 - X3 Ey(En — Upr) = wy — Uy — BEUmy)
and Fg — 6(1 — Ay )En Fp = py — wH,

where the last equation is simplified using the free entry condition. Then subtract 1 —-y
times the first equation from ~ times the second equation, simplifying with the Nash
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bargaining solution (6):

wg = ypu + (1 — 7)(Un — BEgUR"). (7)

The wage is a weighted average of current productivity and the difference between
the value of unemployment today and the expected discounted value of unemployment
tomorrow.

To solve for Uy — BEfUpy, eliminate Eg Eg between equations (2) and (3) and
Ep Fy between equations (4), (5), and the free entry condition Vg = EgVg = O

1 — \eu 1 — )&y _ \ue
Ey —Ug =wg — }\UEH b+ fue L (Uy - BEgUm) (8)
H H
1 - A3

and Fy = pg —wg + ¢, 9)

qH

where the second equation is further simplified using the free entry condition. Now
eliminate Eg — Uy, Fy, and Uy — BEfUg: between the Nash bargaining solution (6),
the wage equation (7), and equations (8) and (9):

ue

wy =y (PH"‘)\_HC) + (L —v)b="(pg +6uc) + (1 — 1), (10)
qu

where the second inequality follows because %}5 is the ratio of matches per unem-
ployed worker to matches per vacancy, which is necessarily the vacancy-unemployment
ratio 0. This states that the wage is a weighted average of productivity plus va-
cancy costs per unemployed worker and the unemployment benefit. An increase in the
vacancy-unemployment ratio (a tighter labor market) raises wages, as does an increase
in productivity or the unemployment benefit.

To calculate the vacancy-unemployment ratio, use (10) to eliminate the wage from
equation (9):

1 — AU — ~)\uE
F = (1—7)(py —b) - —L T
qH

Lead this equation by one period and take expectations. Then substitute it back into

equation (4) and combine with the free entry condition:

c=PBqu ((1 —¥)(Egpa —b) + Eg (1 — ’79Hf) C) : (11)

HI

Note that firms’ hiring probability q is decreasing in the vacancy-unemployment ratio
8y, and so this is a forward-looking nonlinear difference equation for 0. There are
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several ways to identify the particular solution of interest. Perhaps most intuitively, we
are interested in a solution in which 8 depends only on the payoff-relevant portion of the
history. For example, if the aggregate state follows a first-order Markov process, so the
values of p and A®* next period depend only the current values of those two variables,
then 6 should only depend on the current value of p and A**. Any other solution to
these difference equations has the property that 8y explodes, tending towards plus or
minus infinity with positive probability.

3.3 Steady State

Before looking at the behavior of the full stochastic model, it is useful to consider the
steady steady of this economy, in which p and A\** are time-invariant. Since I argued
in Section 2.3 that the unemployment rate is essentially always in steady state, the
resulting comparative statics may not be a poor approximation to the behavior of the
stochastic model.

In the fundamental solution, all variables are independent of the (trivial) history
of the economy. Then equation (11) yields simple solution for the steady state hiring
rate q:

.= (1 —B(1— A — 'y)\“e))c (12)
pL="—-b)

For simplicity, I focus on the limiting behavior of the economy as 3 approaches 1:

- (}\eu_._,y)\ue)c
TET=e-y

Later numerical simulations show that this does not qualitatively affect the results

(13)

because the relevant discount factor is 3(1 — A®*), accounting both for the rate of time
preference and for the temporary nature of matches. In practice, 1 — A** is significantly

smaller than 8 and so is the dominant determinant of the rate of discounting.

Beveridge Curve

The first question to ask is whether the model is consistent with the Beveridge curve
evidence that the product of vacancies and unemployment is nearly acyclical. The
answer depends on the nature of shocks to the economy. In steady state, the number

of matches m(u,v) is equal to the number of workers who lose their job, A**(1 — u):

m(u,v) = A1 — u). (14)
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Suppose there is an increase in the unemployment rate caused by fluctuations in any
variable that does not appear in this equation. Such variables include productivity p,
unemployment income b, or bargaining power -, but not the match destruction rate A*“
or the matching function m. Then the economy will move along this Beveridge curve
locus. In particular, an increase in the unemployment rate raises the left hand side of
equation (14) at any level of vacancies and reduces the right hand side. To restore the
steady state relationship, vacancies must fall, causing an inverse relationship between
vacancies and unemployment.

Indeed, suppose m(u,v) = m(ku,v/k) for any &£ > 0 and all (u,v), as is the case if
m(u,v) = ,uu%v%. Consider an increase in the unemployment rate from 0.05 to 0.10, a
large ‘recession’. The right hand side declines by about 5.3 percent (.90/.95 —1). This
implies that the vacancy rate must decline by slightly over fifty percent, so that the
left hand side falls by 5.3 percent as well. The product of unemployment and vacancies
is therefore nearly acyelic, as the data indicates. I conclude that productivity, unem-
ployment income, or bargaining power fluctuations are consistent with the empirical
Beveridge curve evidence in Section 2.2.

What about fluctuations in the job destruction rate \*“? Since the variable appears
directly in equation (14), that equation is not very useful in answering the question.
Instead, we must delve deeper into the model. Assuming the unemployment rate is at
its steady state value, i.e. that the flow and stock unemployment rates are identical,
equation (1) implies

u

)\eu — Au& .

1—wu
Substituting this into equation (13) gives
Ave (1-mp-b)
¢ (fr+)e

The left hand side is identical to the vacancy-unemployment ratio, making it easy to

solve for the relationship between vacancies and unemployment:

y o A= =bpull —u)

(u+ (1 —u))e (15)

Shifts in the job destruction rate move vacancies and unemployment along this locus.

The right hand side is an increasing function of u for u < 1_.‘_/3,7. Indeed, a linear

approximation around » = 0 implies

p T N@—b)
Ye ’
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so unemployment and vacancies are roughly proportional in response to job destruction
shocks. This contradicts the empirical Beveridge curve evidence.

Intuitively, an increase in the job destruction rate makes both firms and workers
worse off, since it decreases the duration of a match. From the workers’ perspective,
this results in a reduction in the value of unemployment, the threat point in wage
negotiations. Wages fall, which partially compensates firms for the shorter match
duration. The vacancy-unemployment ratio, which measures the tightness of the labor
market, need not respond much at all. Hence the increase in unemployment directly
caused by an increase in the job destruction rate is nearly matched by an increase in

vacancies.

Real Wages

The fundamental tension in matching this model with the empirical evidence can be
understood by eliminating productivity p from the wage equation (10) using the steady
state relationship (12) and simplifying:

(1 —B(1 — re* — A“e))'yc-

w=>b+ 16

Bl —7)q (18

Again, we further simplify this equation in three steps: focus on the limit as 3 ap-

proaches 1; use the steady state relationship A®* + A¥¢ = 1)‘_%; and replace i\%c- = I
This gives:

w=b T (17)

T we
Since the data indicates that v is procyclical and u is countercyclical, the fraction, and
hence the wage rate, is strongly procyclical in response to movements in any parameter
that satisfies two conditions: it must not appear on the right hand side of equation (17)
and it must induce a negative correlation between vacancies and unemployment. This
includes, most notably, productivity p.

To quantify how procyclical wages are in response to such shocks, recall that the
empirical Beveridge curve evidence in Section 2.2 indicates that the product of va-
cancies and unemployment is acyclical, so v & k/u for some constant k. Taking this
approximation as an exact statement would imply

yek dlog(w—b)  2—3u

w:b+(1—7)(1—u)u2:> du T u(l—w)

As long as the unemployment rate is less than 2/3, this is semi-elasticity is negative.
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Indeed, it explodes as u approaches zero. For example, if a productivity shock reduces
the unemployment rate from 5 percent to 4 percent, the difference between wages and
unemployment income increases by about 55 percent. In contrast, assuming wages
are normally about twice unemployment income, the empirical evidence in this paper
suggests this semi-elasticity should be between -1 and 0. Even Solon et al. (1994)
predict a semi-elasticity of wages in excess of unemployment benefits with respect to
the unemployment rate in the range of -2.

Conversely, job destruction shocks induce a positive correlation between unemploy-
ment and vacancies, and so this argument does not apply. Equation (17) therefore
implies that real wages will scarcely respond to such shocks. To quantify this observa-
tion, replace § = £ in the wage equation (10) using (15) and simplify:

= — >
u+ (1 —u) du ut+y(l—-u) — v

_pqp b)) dlog(w—b) 1-7 -y

Unless workers’ bargaining power v is very small, this semi-elasticity is roughly con-
sistent with the empirical evidence described in Section 2.1. I conclude that it is easy
to explain either the Beveridge curve using productivity shocks or real wage cyclical-
ity using job destruction shocks, but that the model is inconsistent with both facts

obtaining simultaneously.

Implicit Contracts

A problem with connecting the theory to the data on wage cyclicality is that implicit
contracts might smooth the timing of wage payments across cyclical fluctuations. The
benchmark model assumes that wages are continually renegotiated, while alternative
assumptions might be more realistic, for example that wages are fixed at the beginning
of an employment relationship and then change only in the event that one party would
otherwise wish to terminate the arrangement. It is relatively easy to address this
possibility because such wage smoothing will not have any allocational effects on the
economy. In particular, in deciding whether to create a job, firms care about the
expected present value of wages, as summarized by the workers’ Bellman value F, not
about the exact timing of wages. This means that implicit contracting will not affect
the responsiveness of the unemployment rate to shocks, and so we can still look at such
elasticities to evaluate the success of the model.

In particular, suppose cyclical fluctuations are driven by productivity shocks. Solve
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equation (15) for p and replace v with the approximation k/u to get

(w4 vl —u))ck
1-7QA - wu?

p=b+

Now the semi-elasticity of the difference between productivity and unemployment in-
come with respect to the unemployment rate is a decreasing function of workers’ bar-

gaining power 4. It is maximized, 1.e. closest to zero, when v = 0, in which case

dlog(p—b) 1—2u

du T ou(l—w)’

This is positive for u < 1/2 and it explodes as u approaches zero. A decrease in the
unemployment rate from 5 percent to 4 percent requires a 24 percent increase in the
difference between productivity and unemployment income. For larger values of -y, the
semi-elasticity is even more negative, and is the same as the semi-elasticity of wages,
- f;f’; , at the other extreme, v = 1. In contrast, the empirical evidence in Section 2.1
suggested that a one percentage point reduction in the unemployment rate is associated
with a 0.3 percent increase in the average product of labor.

Regardless of whether wages are continuously renegotiated or the timing of wage
payments is determined by implicit contracts, wage flexibility is central to this finding.
A negative productivity shock reduces the present value of firm profits and thus lowers
the amount of job creation. This increases the duration of unemployment, which
reduces the value of an unemployed worker, workers’ threat point in bargaining. The
present value of wages falls, mitigating the decline in the present value of firm profits.
In practice, the decline in the present value of wages is almost as large as the original
productivity shock, leaving the present value of the difference between productivity
and wages almost unchanged. This means job creation scarcely falls, and the effect of
the productivity shock on the unemployment rate is small.

Suppose instead that wages are exogenously fixed, with b < @ < p. Combining the
Bellman equations (4) and (5) with the free entry condition V' = 0 gives
p—w

)

in steady state. As usual, take the limit as 3 approaches 1, replace A** = 2-A"¢, and
approximate v = k/u to get

o ck dloglp—w) = 1-2u
p_w+u(1—u):> du Tou(l—w)
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Note that p— is equal to firms’ gross profit per employee. In an economy in which firms
must pay for capital as well as labor services, this would be considerably less than the
capital share, and it is also less than net profits because firms with vacancies lose money
in each period.1® Thus this equation says that it takes a 24 percent increase in firms’
gross profit margin in order to reduce the unemployment rate by from 5 percent to 4
percent. If, for example, firms’ gross profit margin averages about 4 percentage points,
i.e. p &~ 1.04w, an increase in p to 1.05@ raises the gross profit margin p - w by the
necessary 25 percent. Such shocks are within the realm of plausibility. I conclude that
the problem with the benchmark model lies in the extent of wage flexibility implicit
in the Nash bargaining solution (6). This is true whether wages are continuously
renegotiated or wages are fixed according to this equation once at the beginning of the

employment relationship.

3.4 Dynamic Simulations

To be done.

4 Competitive Search Model of Unemployment

In the previous section I argued that the flexibility of real wages in the standard search

model of unemployment makes it difficult to reconcile the model with the data. This
section therefore considers an alternative wage setting arrangement. I assume that
firms can commit to wages before hiring workers and that by promising higher wages,
a firm can increase its hiring rate. This is a ‘competitive search’ or ‘directed search’
model (Peters 1991, Montgomery 1991, Moen 1997, Shimer 1996, Burdett, Shi and
Wright 2001).

I show that if the matching function m(u,v) is Cobb-Douglas, the competitive
search model is indistinguishable from the standard bargaining model. However, if
the elasticity of substitution between unemployment and vacancies is larger than 1, its
value in the Cobb-Douglas case, wages are less flexible in the competitive search model
than in the standard model, improving the model’s performance along the dimensions
discussed above. Indeed, if m(u,v) is linear in u and v, the competitive search model
predicts that wages should be mildly countercyclical. Although this appears to be a

promising explanation for real wage rigidities, I also provide some empirical evidence

16Tn an economy without discounting, the flow of net profits is zero in steady state. With discounting, the
discounted value of profits is zero, but since firms lose money on vacancy costs up front, they must expect
to earn more profit from filled jobs later on. This means that the flow of net profits is positive.
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that suggests the elasticity of substitution is close to unity. Thus the competitive search
model does not explain the relative inflexibility of real wages.

This finding is relevant for two reasons. It rules out one plausible explanation for
real wage rigidity and, perhaps more importantly, the allocation in the competitive
search equilibrium maximizes output in the economy given the search frictions (Moen
1997, Shimer 1996). In particular, the vacancy-unemployment ratio #, and hence the
matching rates ¢ and A\“¢, are optimal. To the extent that wages are more rigid than
the competitive search equilibrium predicts, they are either too high in recessions or

too low in expansions or both. This tends to amplify shocks to the economy.

4.1 Wage Setting and Search

In the competitive search equilibrium, when a firm opens a vacancy, it announces a
complete wage contract, specifying a wage in each history H for any worker whom it
hires. Unemployed workers observe all the available contracts and decide where to apply
for a job. In equilibrium, the expected number of unemployed workers applying for
each job adjusts so that a worker gets the same expected utility Uy regardless of which
job she applies for. According to equation (2), this implies that the probability the
worker is hired, an increasing function of the vacancy-unemployment ratio € associated
with a particular job, A“®(fg), adjusts so as to offset any difference in the expected
capital gain Eg(Ep — Up) across wage contracts. Since a firm’s probability of hiring
a worker is a decreasing function ¢(fy), firm profits are higher when 6y and hence
Au¢(9g) are lower. Conversely, for workers to get a bigger capital gain Eg(Ep — Up),
wages must be higher on average, which reduces firm profits. Firms recognize this
tradeoff when choosing their wage contract. Finally, free entry drives the maximum
possible value of a vacancy to zero.

Although in principle the wage contract space is complicated, the risk-neutrality
assumption implies that workers only care about the expected present value of wages
and that likewise the expected cost of the contract to the firm is the expected present
value of wages. In other words, contracts are effectively distinguished only according
to how they divide the surplus from a match Sy = Fg + Eg — Upg between the
worker and firm. As before, we can eliminate Ey Eg between equations (2) and (3) to
get equation (8) and eliminate Ey Fy between equations (4), (5), and the free entry
condition to get (9). Summing these equations gives

1— 2% 1- ﬁ}‘b+1—)\§_}‘— ye

- - H (17 — BEgUs:
Sw=pH+ p— o7 G Uy - BExUR), (18)
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confirming that match surplus is independent of the wage. If the firm takes surplus
Fy from the match, the worker gets surplus Eg — Ug = Sy — Fg.

To summarize, in a competitive search equilibrium, firms optimally set wages to
maximize the value of a vacancy. This replaces the Nash bargaining assumption (6).

Otherwise, the model is unchanged from Section 3.

4.2 Equilibrium Analysis

A firm with an open vacancy chooses a vacancy-unemployment ratio 6 and an expected
capital gain EgFy to maximize the value of the vacancy subject to the constraint
that the value of an unemployed worker satisfies equation (2), where Eg(Ey: — Up/) =
Egn(Sy — Frp). Moreover, the maximized value of a vacancy is driven to zero by free

entry. This can be expressed as a constrained maximization problem:

¢= max [Sq(6)EpFp

8.ErFyyr

subject to Ug — BExgUg = b+ BA“(0)Eg(Sy — Fy)
Use the constraint to eliminate Eg Fg from the objective function:
1
c= mg,xg(ﬁA“E(B)EHSH/ +b— Uy ~ BEgUy)), (19)

where the expression is further simplified with the identity g(8) = A**(0)/6. The first

order condition from this maximization problem is

1 ue

a(ﬁ)\“e(B)]EHSHr +b— Uy — BExUm)) = A" (0)En Sy (20)
Assuming m(%,1) is a concave function of % = 1/6, the objective is a concave function
of 1/, so the first order conditions are both necessary and sufficient for a maximum.
In particular, all firms with vacancies choose the same value of # conditional on the

history H.
Now eliminate Ey Sy between (19) and (20) and solve for Uy — BEfUp::

3 /\ue(gH)

Then substitute this into (18) to get

1 — AZ — A= (6p)
)\ue’(gH)

SH=PH—b+< +9H)C
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Lead this equation by one period and take expectations to get an expression for EgSy:.
Since (19) and (20) imply ¢ = SA*/(0y)Ep Sy, combining this with the previous

equations gives a difference equation for g:

1 — \ew _ )\ue
= ue/ ] —_ b —_“—_H' H' ’
e = BA“(0r)Ex (pH + ( = (G) +6g ) c)

In order to compare this with (11), it is useful to define () == dlog;’;(“’v) =1- ’\::;((Z))B,
the elasticity of the number of matches with respect to the unemployment rate. Use

this to eliminate A“¢’ from the previous equation, simplifying with A“¢(6y)/0r = qn:

1 - AF =AY
c=fqu(l —e(0n))En (PH’ —b+ (m + 9H'> C) : (21)
If the elasticity of the matching function with respect to the unemployment rate £(6)
is equal to workers’ ‘bargaining power’ « for all 6, this is identical to equation (11).
In this case, the competitive search model effectively endogenizes workers bargaining
power and there is no observable difference between the behavior of the benchmark
and competitive search models. But to the extent that the elasticity of the matching
function £(#) is decreasing in 8, the competitive search model offers an explanation for
why workers’ ‘bargaining power’ might appear to decrease in expansions, reducing real
wage cyclicality.
To see when this is the case, consider the constant elasticity of substitution (CES)
matching function m(u,v) = p(au? + (1 — a)v?)}/?, with Cobb-Douglas limit pu®v!~*
when p converges to zero, and with parameter restrictions p < 1, a € (0,1), and

p > 0.17 Higher values of p are associated with greater substitutability between unem-

ployment and vacancies. One can verify that this function is concave and so the first
order conditions are necessary and sufficient. It is straightforward to show that in this
case £(6) = W(-lci_aW' When p is positive, ¢ is decreasing in labor market tightness 6,
and so is countercyclical.

Since the model does not pin down the timing of wage payments, I require an
additional assumption to discuss the cyclicality of real wages. One that makes it
relatively easy to link the empirical evidence with the model is that all firms pay the
same wage wy after any payoff relevant history H. In this case, we can eliminate

Ef Frr between (4) and (5) yielding equation (9). Lead that equation by one period

1"The matching function should satisfy m(u,v) < min(u,v) as well, so this is best viewed as a local
approximation.
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and take expectations. Then use this expression to eliminate Eg Fg from (4):

1— A&y
¢ = Pq(0n)En (PH’ —wi+ I C) - (22)

q(0m)
Since there is one such equation for each payoff-relevant history H, this can be inverted
to solve for the wage. Unfortunately, I cannot find an explicit expression for wg. Of
course, even without this assumption, it is possible to discuss the required magnitude

of cyclical variation in profits.

4.3 Steady State

In a deterministic steady state, equation (21) reduces to

(1— B = X~ e()X"))e

O =D R %)

analogous to equation (12). As usual, focus on the no-discounting limit and substitute

the steady state condition A®* = {E=A"¢:

g 1—e@)p—HQa -
(wt+e@)(@—u)e

In the case of a CES matching function, this becomes

,_ (= a)0r(p—b) )
(u(l —a)fr +a)e

With a Cobb-Douglas matching function, p = 0, this reduces to the Beveridge curve
expression (15). But in the limit as p approaches 1, it implies

,_(=Bl-w _a

c 1l—a

Even if fluctuations are driven by the job destruction rate A®“, there will be a weak
negative correlation between vacancies and unemployment. This contrasts with the
result that with job destruction shocks, unemployment and vacancies are proportional
in the standard model.

This is a consequence of the behavior of wages, which no longer fall when the job

destruction rate increases. In steady state, equation (22) is easily solved to give

1
w=p+(1-0-3) %
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Eliminate p using equation (23):

(1—ﬂuf—xu—AM»EWF.

w=>b+
B(1—e(0))q
This is equivalent to (16) with workers’ bargaining power v equal to the elasticity &.
Take the limit as J converges to one, replace A** + A¥¢ = 1)‘_%, and focus on the case

of a CES matching function:

=P

R (s Rk

Once again, this reduces to equation (17) if v = k/u and p = 0, and so wages are
strongly procyclical. On the other hand, if p is sufficiently close to 1, this equation
implies that wages are mildly countercyclical.

Thus a high elasticity of substitution between unemployment and vacancies im-
proves the behavior of the model on two counts: first, there may be a negative correla-
tion between unemployment and vacancies even if fluctuations are driven primarily by
job destruction shocks; and second wages are less procyclical and possibly even coun-
tercyclical. The two phenomena are related. In the standard model, an increase in job
destruction shocks leads to a decline in wages. From the firm’s perspective, the two
effects nearly cancel, and so the incentive to create a job, summarized by the vacancy-
unemployment ratio, declines only slightly. But in the competitive search model, this
decline in the vacancy-unemployment ratio effectively raises workers’ bargaining power,
increasing wages and further reducing the vacancy-unemployment ratio. With an in-
finite elasticity of substitution, wages actually increase when the job destruction rate
increases. This implies that vacancies decline in the face of rising unemployment. Sim-
ilarly, with a high elasticity of substitution, the productivity shock required for a given
movement in the unemployment rate is much smaller, since lower wages no longer offset
lower productivity in the firms’ profit function.

A matching function with a high elasticity of substitution between unemployment
and vacancies is theoretically appealing. Suppose each unemployed worker can contact
a vacancy at rate a,, while each vacancy can contact an unemployed worker at rate
o,. Then the total flow of matches is m(u, v) = a,u+ ov, the CES matching function
in the limit with p = 1. Moreover, the fraction of matches initiated by workers is
£(0) = Zxr=ay: Where o = 23— is the relative efficiency of search by workers
compared to firms. Thus another way to think of wage setting in this limit of the

competitive search equilibrium is that the party who initiates a match can make a take-
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it-or-leave it offer to the other agent. Since workers initiate relatively more matches in
recessions, this effectively gives workers countercyclical bargaining power (). Such
a matching function and wage setting arrangement has an excellent pedigree in the

theoretical search literature (Mortensen 1982).

4.4 Empirical Evidence on Matching Functions

Empirically, there is less evidence on whether this is a reasonable matching function.
To my knowledge, the only previous attempt to estimate the elasticity of substitution
between unemployment and vacancies is Blanchard and Diamond (1989), who estimate
p = —0.35, i.e. unemployed workers and vacancies are somewhat less substitutable than
in the Cobb-Douglas case.!® This section updates Blanchard and Diamond’s (1989)
finding by estimating the coefficients of a CES matching function

log(auf + (1 — a)vf)

logmiyr = log p + P + 1 (24)

using nonlinear least squares. I measure mey; by the number of workers who move
from unemployment to employment between month ¢ and ¢ + 1, u; by the number
of unemployed workers, and v; by the help-wanted index. v; is an independent and
identically distributed error term.

Table 3 shows the results using U.S. data from June 1967 to December 2001. The

column (1) estimates are unrestricted, and indicate that p is insignificantly negative.

In column (2), I run the regression with the restriction p = 0, the Cobb-Douglas case.
Finally, column (3) shows the results with the restriction p = 1, perfect substitutability.
Most noticeably, I cannot reject the null hypothesis that p = 0, i.e. that the competitive
search and standard search models are indistinguishable. On the other hand, the data
does not speak very strongly on this issue. Even when [ impose p = 1, time variation
in u and v explains almost 88 percent of the variation in the number of matches, 1
percent less than in the unrestricted regression.

Some of this explanatory power comes from the increasing size of the U.S. economy
during the sample period, which raises both the number of unemployed workers and
the number of job finders. To compensate for that, I subtract logu; from both sides
of equation (24). Since workers’ job finding rate A!¢; is the ratio of the number of

18Petrongolo and Pissarides (2001) review the large literature on matching function estimation. Most of
the literature estimates a Cobb-Douglas matching function, i.e. imposes the restriction p = 0, and focuses
on whether matching functions exhibit constant returns to scale. I impose constant returns throughout, as
the competitive search model only makes sense under this restriction.
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matches to the number of unemployed workers and 6; is the vacancy-unemployment

ratio, this implies that I estimate

1 1—a)df
ogle +Uof)

log A, = logpu +

Although the coefficient estimates are unchanged by this manipulation, it reduces the
variation in the dependent variable and so lowers the R? of the regression. Neverthe-
less, I continue to explain 69 percent of the variation in job finding rates through the
vacancy-unemployment ratio alone in the unrestricted regression and 66 percent in the
regression with the restriction p = 1.

I have performed a number of other robustness checks, for example instrumenting
the right hand side variables using their lagged values to compensate for measurement
error, aggregating the data up to annual averages, estimating on sub-samples, and
allowing for time trends. Although sometimes the sign of p switches, it is never sig-
nificantly different from zero and the point estimates are usually very small. Indeed,
the magnitude of the standard errors is robust to corrections for autocorrelation in
the residual or to the inclusion of lagged dependent variables in the regression. I con-
clude that although competitive search equilibrium and a high elasticity of substitution
between unemployment and vacancies in the matching function could theoretically pro-
vide a reason why workers’ bargaining share appears to be countercyclical, there is no

empirical support for this explanation.

5 Literature Review

A growing body of papers has attempted to use search models to think quantitatively
about employment fluctuations; however, none has been able to reconcile the first two
labor market facts, that wages are nearly acyclical and that vacancies and unemploy-
ment are negatively correlated over the business cycle. In part this appears to be due to
a misconception that job finding rates do not fluctuate cyclically, which is only possible
if the vacancy-unemployment ratio is acyclical.

A number of recent papers have placed fairly standard search models into a real
business cycle framework. Merz (1995) is unable to generate a statistically significant
contemporaneous relationship between unemployment and vacancies but replicates the
cyclicality of real wages (see her Table 3). Andalfatto (1996) also has trouble matching
the negative correlation between unemployment and vacancies. Moreover, in his model

the correlation between the real wage and output is 0.95, compared with 0.04 in the
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data. Gomes, Greenwood and Rebelo (2001) sidestep the vacancy-unemployment issue
completely by looking at a model without a notion of vacancies. Still, they report
that average labor productivity, equal to the average wage in their economy, has a
correlation of 0.87 with output and a standard deviation that is nearly as large as
the standard deviation in employment. Ramey and Watson (1997) emphasize the
importance of contractual fragility and job destruction for unemployment fluctuations.
Indeed, in order to focus on job destruction, they assume that the job creation rate is
exogenous and acyclic, which is equivalent to assuming that vacancies are proportional
to unemployment. It is likely that this is why they find that shocks to the economy
are amplified and wages are rigid.

Hall (1995) argues that “...brief, sharp episodes of primary job loss are followed
by long periods of slowly rebuilding employment relationships over the business cycle.
Although the case is far from complete, I believe that these events in the labor mar-
ket play an important part in the persistence of high unemployment and low output
long after the initial shock that triggers a recession” (p. 221). Building on this idea,
Pries (2001) shows that a brief adverse shock that destroys some old employment re-
lationships can generate a long period of high unemployment as the displaced workers
move through a number of short-term jobs before eventually finding their way back
into long-term relationships. Pries emphasizes that this model generates persistent
employment fluctuations in response to a one-time shock. This framework succeeds in
generating relatively acyclical wages, since wages are constant during the long recovery
period. However, this only happens because the vacancy-unemployment ratio remains
counterfactually constant though the business cycle.

Abraham and Katz (1986) argue that the negative correlation between unemploy-
ment and vacancies is inconsistent with Lilien’s (1982) sectoral shifts hypothesis: pe-
riods of high unemployment represent episodes of high frictional unemployment as
workers move across sectors of the economy. This is quite closely related to the possi-
bility that high unemployment is due to an increase in job destruction not a decrease
in productivity. This paper confirms that if wages do not fluctuate in response to job
destruction shocks, as is the case in the standard bargaining model of search unem-
ployment, unemployment and vacancies will be positive correlated. But it also shows
that Abraham and Katz’s (1986) preferred aggregate disturbances imply implausible
wage dynamics in standard models of equilibrium unemployment. Abraham and Katz
do not discuss the wage implications of these models.

Likewise, papers by Blanchard and Diamond (1989), Mortensen and Pissarides
(1994), and Cole and Rogerson (1999) match the behavior of labor market quantities,
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e.g. unemployment and vacancies, but sidestep wage issues entirely. For example, Blan-
chard and Diamond assume that the total supply of active jobs follows a slow-moving
and exogenous Markov process in response to aggregate shocks, gradually increasing
during expansions and then declining during recessions.!® While this provides some
guidance as to how to generate realistic Beveridge curve dynamics, it is an unsatisfac-
tory explanation for labor market fluctuations because it does not explain the nature of
the aggregate shocks nor does it explain why firms cannot create more vacancies when
the stock of active jobs is unusually low. In a model with wages, recessions would
likely be an attractive time to create jobs. While I concur with their conclusion that
fluctuations are due to gradual movements in the supply of active jobs, I am unable
to reconcile this in a satisfactory manner with the weak cyclicality of real wages. The
Mortensen and Pissarides (1994) model obviously has implications for wages, but in
their numerical work, they focus exclusively on the cyclical behavior of job creation

and job destruction.

6 Conclusion

Standard models of equilibrium unemployment imply that because vacancies and un-
employment are negatively correlated over the business cycle, real wages must be ex-
tremely procyclical. Moreover, such responsiveness of real wages to shocks implies
that in order to generate the observed fluctuations in employment, productivity must
also be orders of magnitude more procyclical than the data suggests. The competitive

search equilibrium offers one explanation for why this might not be the case. If the

elasticity of substitution between unemployment and vacancies in the matching func-
tion is larger than one, workers’ bargaining power effectively increases in recessions,
reducing or even eliminating the cyclicality of real wages and amplifying shocks to the
economy. But since there is no evidence that the elasticity of substitution is larger
than one, one must look for other explanations for the weak cyclicality of real wages.

One possibility is that within the worker-firm relationship, ‘fairness’ is as important
as outside options for the determination of wages. Careful studies of wage determi-
nation offer some support for this hypothesis (Bewley 1999). In the context of search
models, perhaps this should not be too surprising. Workers and firms are generally

in a bilateral monopoly situation, so there is some possibility of altering the wage

19More precisely, they assume the total supply of jobs is fixed, but an exogenous fraction of jobs is idle.
The probability of an idle job becoming active and an active job becoming idle follows a two-state Markov
process. Thus in response to an aggregate shock, the stock of active and idle jobs responds only gradually.
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without affecting the incentive of worker to take a job or the firm to employ her. Fair-
ness might dictate that wages are unaffected by business cycle conditions unless such
rigidity would generate an inefficient layoff or quit. By construction, this behavior
is inconsequential at the level of the individual employment relationship. But at the
aggregate level, this real wage rigidity matters a lot. Firms will be reluctant to hire
workers when productivity is low if they perceive that the ‘fair’ wage has not declined.
The decline in job creation thus amplifies the otherwise small effects of a typical neg-
ative productivity shock. While it is clear that such behavior can reconcile the labor
market facts described in this paper, one would like the fairness hypothesis to have
testable predictions — along the lines of the predictions of the bargaining and com-
petitive search models analyzed here — and for those predictions to receive empirical
support, before concluding that observed real wage rigidities are a privately efficient

but socially inefficient response to fairness concerns.

A Composition Biases in Wage Measures

It is well-known that compositional effects create a countercyclical bias in both AHE
and AHC. Less skilled and less experienced workers earn lower wages and are more
likely to lose their job during downturns. As this occurs, the composition of the labor
force shifts towards more skilled and more experienced workers, raising measured AHE
and AHC even if no individual’s wage actually changes. It is less frequently recognized
that compositional effects also introduce a procyclical bias in these measures, because
high wage blue collar industries like durable goods manufacturing and construction
are highly procyclical.?® The ECI is designed in part to address the latter composition
bias issues.?! The important difference between the ECI and other measures of average
wages is that the ECI is a Laspeyres price index. In calculating ECI inflation from
quarter to quarter, the composition of jobs is held fixed at the beginning-of-period
value and used as weights in the computation of the overall employment cost inflation.
If wages do not change in surviving jobs, the ECI will also not change, even if the
composition of job loss is unequally distributed across income groups.

The ECI has some drawbacks. Most obvious is the short sample period available,
from the third quarter of 1975 to the end of 2001. Since the period includes four re-

cessions and some dramatic fluctuations in unemployment, however, this problem is

20Barsky and Solon (1989) show that wages are less cyclical within industries than in the aggregate data.
21gge Ruser (2001) for an overview of the ECI and especially pages 11-12 for a comparison of the ECI and
AHE measures over the business cycle,
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not as significant as it once was. Another disadvantage of the ECI is its treatment
of overtime hours. The ECI assumes that the usage rate of overtime work and the
associated additional labor costs are fixed at an initial rate even as aggregate hours
fluctuate. Since overtime hours are strongly procyclical, this mutes the volatility of the
ECI. Moreover, to the extent that firms use overtime hours as an (imperfect) means
of increasing wage cyclicality, the ECI will miss out on that practice. Finally, if firms
link promotions to wages, the ECI will understate the cyclicality of firm’s wage poli-
cies. As an extreme example, suppose firms associate a time-invariant real wage with
every job and give workers raises only by giving them promotions. Then regardless of
whether promotions are strongly procyclical, the ECI would always measure a constant
employment cost because it tracks jobs not individuals.

The finding in the text that the ECI is less procyclical than AHE might appear
to contradict a well-known paper by Solon et al. (1994), which uses longitudinal data
from the Panel Study of Income Dynamics (PSID) to examine the cyclical behavior
of the change in wages for individuals who keep their job from one year to the next.
They conclude that accounting for composition bias by following individuals over time
doubles the estimated effect of the unemployment rate on average wage cyclicality, so
that in their sample, a one percentage point decline in the unemployment rate is asso-
ciated with more than a one percent increase in wages.?? It is worth noting that for
the purpose of this paper, the difference between these results is quantitatively irrel-
evant. Section 3 shows that a standard model of equilibrium unemployment predicts
a semi-elasticity of wages with respect to unemployment of about 30 percent, so the

model is inconsistent with the data whether the data indicates a semi-elasticity of half
a percent or 1 percent. In any case, the different results in part reflect attempts to an-
swer a different question. I am interested in whether firms reduce wages during cyclical
downturns, while Solon et al. (1994) are interested in whether workers get lower wages
during downturns. If workers move from high-wage to low-wage sectors of the economy
but firms do not change wages, I would conclude that firms do not reduce wages while

Solon et al. would conclude that workers get lower wages.®?

22Qther papers that have looked at longitudinal data find that composition bias is less important. See
especially Bils (1985).
23Gee the example on pages 26-27 of Barsky and Solon (1989) for similar logic.
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(1) (2) (3) (4)
sample period 1947-2001 1947-2001 1964-2001  ’64M1-'01M12
Imeasure AHE AHE AHE AHE
estimation method level first diff first diff first diff
unemployment rate -0.53 -0.36 -0.59 -0.19

(0.23) (0.18) (0.24) (0.09)
R? 0.087 0.067 0.142 0.010
Durbin-Watson 0.61 1.55 1.26 1.99
Nobs 55 54 38 455

(5) (6) (7) (8)
sample period 1947-2001 °’48Q1-'01Q4 ’'75Q3-01Q4 ’'75Q3-01Q4
measure AHC AHC ECI AHE
estimation method first diff first diff first diff first diff
unemployment rate -0.03 -0.13 0.10 -0.25

(0.19) (0.12) (0.20) (0.17)
R? 0.000 0.005 0.002 0.022
Durbin-Watson 1.56 1.97 1.68 1.06
Nobs 54 215 105 105

(9) (10) (11)
sample period '"75Q3-01Q4  '48Q1-01Q4  '48Q1-'01Q4
measure AHC APL NLP
estimation method first diff first diff first diff
unemployment rate 0.15 -0.34 -0.82

(0.20) (0.18) (0.40)
R? 0.005 0.005 0.019
Durbin-Watson 1.34 2.25 2.04
Nobs 105 215 215

Table 1: The Unemployment Rate is from the Current Population Survey. Average Hourly
Earnings of production and non-supervisory workers in private non-farm employment (AHE)
is from the Current Employment Statistics. Average Hourly Compensation (AHC), Average
Product of Labor (APL), and Non-Labor Payments per Hour (NLP) in the non-farm business
sector are from the National Income and Product Accounts. Employment Cost Index for
private industry workers (ECI) is from the National Compensation Survey. AHE, AHC, APL,
NLP, and ECI are deflated using the consumer price index for all urban consumers. The
unemployment rate is expressed as an absolute deviation from trend and AHE, AHC, APL,
NLP, and ECI are log deviations from trend, so the coefficient estimates are semi-elasticities.
To obtain similar trends using data of different frequencies, the trend of monthly series is
given by an HP filter with smoothing parameter 107, quarterly series by smoothing parameter
10°, and annual series by smoothing parameter 450.
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Employment-Population Ratio

1 2 3 4 5 6 7 8

mean 0.6195 0.6140 0.6128 0.6130 0.6122 0.6099 0.6097 0.6115

& 10.0682 — 2317 311.0 2109 4022 709.6 6354 4413
= 2100646 198.9 — 10.5 0.1 23.1 1241 133.7 39.9
< 310.0635 319.6 17.9 - 9.6 2.2 67.9 75.2 11.2
£ 4100648 155.2 0.4 23.1 — 19.2  116.3 1309 41.9
% 500643 223.8 1.4 10.3 29 — 44.3 46.8 3.6
é‘ 6 |0.0625 437.0 72.2 13.2 76.4 52.9 — 0.4 19.5
g 7100616 701.1 1674 54.0 1459 1273 13.0 — 22.7
= 8| 0.0633 336.5 25.5 0.6 34.7 18.0 9.8 47.5 —

Table 2: The first row shows the mean employment ratio in each of the eight CPS rotation
groups, 1976 to 2001. The upper triangle shows F(1,311) statistics for pairwise tests of
equality of the underlying series. The first column shows the corresponding figure for the
unemployment rate and the lower triangle shows F(1,311) statistics for pairwise tests of
equality. The five percent critical value is 3.9 and the one percent critical value is 6.7. The
underlying time series were extracted by the author from the CPS and are not seasonally
adjusted.
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Dependent Variable: matches m;

1) (2) (3)

0271 0039 1.029
logi | (0280)  (0.044)  (0.035)

0.833 0.701 0.028
o (0.107)  (0.010)  (0.001)

-0.168 . .
P (0.171) 0 1

R? 0.888 0.887 0.875

D-W | 1.749 1.745 1.574
Nobs 405 405 405

Table 3: The dependent variable is the log of the number of unemployed workers moving to
employment in a month, seasonally adjusted. Independent variables include the unemploy-
ment rate and the Conference board help-wanted index, both seasonally adjusted. The speci-
fication is given by equation (24). Column (1) is unrestricted and is estimated using nonlinear
least squares. Column (2) imposes p = 0, i.e. log m¢4; = log u+alog us+(1—a) log vi+1; and
is estimated using ordinary least squares. Column (3) imposes p = 1 and is estimated using
NLS. Sample period is June 1967 to December 2001. Standard errors are in parentheses.
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Figure 1: The Unemployment Rate from the Current Population Survey, Average Hourly
Earnings of production and non-supervisory workers in private non-farm employment from
the Current Employment Statistics, and Average Hourly Compensation in the non-farm
business sector from the National Income and Product Accounts. AHE and AHC are deflated
using the consumer price index for all urban consumers. The unemployment rate is expressed
as an absolute deviation from trend and AHE and AHC are log deviations from trend. In
all cases, the trend is given by an HP filter of the annual data with smoothing parameter
450, a very low frequency filter.
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Figure 2: The Unemployment Rate from the Current Population Survey, Average Hourly
Earnings of production and non-supervisory workers in private non-farm employment from
the Current Employment Statistics, and the Employment Cost Index for private industry
workers. AHE and ECI are deflated using the consumer price index for all urban consumers.
The unemployment rate is expressed as an absolute deviation from trend and AHE and AHC

are log deviations from trend. In all cases, the trend is given by an HP filter of the quarterly
data with smoothing parameter 105.
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Figure 3: The unemployment rate is measured by the Bureau of Labor Statistics and the
Help-Wanted Index by the Conference Board. All three series (unemployment, help-wanted,
and their product) are detrended by taking the log deviation from an HP filter with smooth-
ing parameter 107, i.e. a very low frequency filter. In panel a, the help-wanted index is
plotted on an inverted scale.
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Labor Market Transition Rates
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Figure 4: The transition rate between employment, unemployment, and not-in-the-labor
force, 12 month moving average (solid line, left scale) and the unemployment rate (dashed
line, right scale). Hoyt Bleakley provided me with the transition from June 1967 to December
1975, which were originally constructed by Joe Ritter. I calculated the transition rates from
January 1976 to December 2001 from the CPS.
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Figure 5: The stock series are monthly Bureau of Labor Statistics measures from the Cur-
rent Population Survey. The flow series are measured using a 3-state transition matrix con-
structed from the Current Population Survey. Hoyt Bleakley provided me with the transition
rates from 1967 to 1975. The data are seasonally adjusted using a modified ratio-to-moving
average technique (see footnote 9).
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Figure 6: All time series are constructed from the Current Population Survey. The ‘stock’
series are measured using individuals in rotation groups 4, 7 and 8 who can be matched with
records from the previous month. The flow series are measured using a 16-state transition
matrix constructed by matching rotation groups 2, 3, and 4; 5, 6, and 7; and 6, 7, and 8,
as described in the text. The data are seasonally adjusted using a modified ratio-to-moving
average technique (see footnote 9).
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