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ABSTRACT

The Vanishing Procyclicality of Labor Productivity”

We document three changes in postwar US macroeconomic dynamics: (i) the procyclicality of
labor productivity has vanished, (ii) the relative volatility of employment has risen, and (iii) the
relative (and absolute) volatility of the real wage has risen. We propose an explanation for all
three changes that is based on a common source: a decline in labor market frictions. We
develop a simple model with labor market frictions, variable effort, and endogenous wage
rigidities to illustrate the mechanisms underlying our explanation. We show that the reduction
in frictions may also have contributed to the observed decline in output volatility.
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1 Introduction

The nature of business cycle fluctuations changes over time. There is a host of evi-
dence for changes in the dynamics of postwar US macroeconomic time series (Blanchard
and Watson (1986), McConell and Pérez-Quirés (2000), Stock and Watson (2002), Hall
(2007), Gali; and Gambetti (2009)). The present paper documents and discusses three

aspects of these changes:

e The correlation of labor productivity with output or labor input has declined, by

some measures dramatically so.!
e The volatility of labor input measures has increased (relative to that of output).?

e The volatility of real wage measures has increased, both in relative and absolute
3

terms.
All three of the above observations point towards a change in labor market dynamics.
While each may be of independent interest and have potentially useful implications for
our understanding of macro fluctuations, our goal in the present paper is to explore their
possible connection. In particular, we seek to investigate the hypothesis that all three
changes may be driven by an increase in labor market flexibility, allowing firms to adjust
their labor force more easily in response to various kinds of shocks. In order to illustrate
the mechanism behind this explanation, we develop a stylized model of fluctuations with
labor market frictions, and investigate how its predictions vary with the parameter that
indexes the importance of such frictions.
The main intuition behind that mechanism is easy to describe. The idea goes back to
a literature, starting with Oi (1962) and Solow (1964), which attributes the procyclicality
of productivity to variations in effort, resulting in seemingly increasing returns to labor.
Suppose that firms have two margins for adjusting their effective labor input: (observed)

employment and (unobserved) effort, which we respectively denote (in logs) by n; and
ploy ) p y gs) Dy

'As far as we know, Stiroh (2009) was the first to provide evidence of a decline in the labor
productivity-hours correlation. Gordon (2010), Barnichon (2008), Gali; and Gambetti (2009), and
Nucci and Riggi (2009), using different approaches, independently investigated the potential sources of
that decline.

>To the best of our knowledge, Galf; and Gambetti (2009) were the first to uncover that finding, but
did not provide the kind of detailed statistical analysis found below. Independently, Hall (2007) offered
some evidence on the size of the decline in employment in the most recent recessions that is consistent
with our finding.

3 As far as we know, this finding was not known previously, although it is reported in independent
work by Gourio (2007) and Champagne and Kurmann (2010).

! Contributions include studies by Fair (1969), Fay and Medoff (1985), Hall (1988), Rotemberg and
Summers (1990), Bernanke and Parkinson (1991), Shapiro (1993), Burnside, Eichenbaum, and Rebelo
(1993), Bils and Cho (1994), Uhlig and Xu (1996), Basu (1996), Basu and Fernald (1997), Basu and
Kimball (1997), Shea (1999), Gordon (2004), Wen (2004), Arias, Hansen, and Ohanian (2007), and
Gordon (2010)



e;.”> Labor input (employment and effort) are transformed into output according to a

standard production function,
yr = (1 — a)(ne + Yer) + ar

where a; is log total factor productivity and « is a parameter measuring diminishing
returns to labor.

Measured labor productivity, or output per person, is given by
yr —ng = —ang + (1 — a)ve + ay

Labor market frictions make it costly to adjust employment n;. Effort e; provides an
alternative margin of adjustment of labor input and is not subject to those frictions (or
to a lesser degree). Thus, the larger the frictions, the less employment fluctuates and
the more volatile fluctuations in effort. As a result, a reduction in frictions decreases
the volatility of effort and therefore increases the relative volatility of employment with
respect to output. The increased volatility of n; also makes labor productivity less
procyclical, and, in the presence of shocks other than shifts in technology, may even
make productivity countercyclical, consistent with the evidence reported below.

In addition, as emphasized by Hall (2005), the presence of labor market frictions
generates a non-degenerate bargaining set for the wage, i.e. a wedge between firms’
and workers’ reservation wages. Any wage within that bargaining set is consistent with
labor market equilibrium. That feature makes room for wage rigidities. We model
wages as rigid within the bargaining set, adjusting only when approaching its bounds.
In our model, a reduction in labor market frictions narrows the bargaining set and
therefore endogenously makes wages more sensitive to shocks, increasing the volatility of
fluctuations in wages. If the rigidity is extended to the wages of newly hired workers, then
the increased flexibility of wages may dampen the volatility of output and employment in
response to shocks.® That feature may help explain the observed decline in the volatility
of those two variables in the recent US experience.” Other authors have also argued
that the Great Moderation may have been driven at least in part by increased wage
flexibility (Gourio (2007), Champagne and Kurmann (2010), Nucci and Riggi (2009)).
However, this paper is the first to show that such an increase in wage flexibility can

arise endogenously from a decrease in labor market frictions.®

®To simplify the argument, we assume hours per worker are constant, consistent with the observation
that in the U.S. data most adjustments in total hours worked take place along the extensive margin.

This is clearly true for technology shocks. As argued in Blanchard and Gali (2008), increased wage
flexibility may also dampen the sensitivity of GDP and inflation to oil price shocks.

" A more flexible labor market does of course not make the economy immune to very large shocks like
the recent financial crisis. Under our hypothesis, if the labor market were as rigid as it was in the early
80s, the current recession might have been even substantially more severe.

$Uren (2008) develops a model, in which a reduction in search frictions decreases output volatility.
However, the mechanism in that paper (increased assortative matching) is completely different.



The remainder of the paper is organized as follows. Section 2 documents the changes
in the patterns of fluctuations in labor productivity, employment and wages. Section
3 develops the basic model. Section 4 describes the outcome of simulations of a cali-
brated version of the model, and discusses its consistency with the evidence. Section 5

concludes.

2 Changes in Labor Market Dynamics

We document three stylized facts regarding postwar changes in US economic fluctuations
that motivate our investigation. All three facts are about changes in the dynamics of
the labor market and pertain to the cyclical behavior of labor productivity, labor input
and wages. We use quarterly time series over the period 1948:1-2007:4 drawn from
different sources (see below for a detailed description). To illustrate the changes in the
different statistics considered, we split the sample period into two subperiods, pre-84
(1948:1-1983:4) and post-84 (1984:1-2007:4). The choice of the break date is motivated
by existing evidence on the timing of the Great Moderation, the sharp drop in output
volatility around 1984 (McConell and Pérez-Quirés (2000)).

Our evidence makes use of alternative measures of output and labor input. In all
cases labor productivity is constructed as the ratio between the corresponding output
and labor input measures. Most of the evidence uses output and hours in the private
sector from the BLS Labor Productivity and Cost (LPC) program. We also use GDP as
an economy-wide measure of output, with the corresponding labor input measures being
total hours or employment. The time series for economy-wide hours is an unpublished
series constructed by the BLS and used in Francis and Ramey (2008). The employment
series is the usual one from the Current Employment Statistics (CES) establishment
survey. In all cases we normalize the output and labor input measures by the size of the
civilian noninstitutional population (16 years and older).

We apply two alternative transformations on the logarithms of all variables in order
to render the original time series stationary. Our preferred transformation uses the
bandpass (BP) filter to remove fluctuations with periodicities below 6 and above 32
quarters, as in Stock and Watson (1999). We also apply the fourth-difference (4D)
operator, which is the transformation favored by Stock and Watson (2002) in their

analysis of changes in output volatility.”?

2.1 The Vanishing Procyclicality of Labor Productivity

Figure 1 shows the fluctuations at business cycle frequencies in labor productivity in

the US over the postwar period. It is clear from the graph that in the earlier part

9We also showed the results are robust to detrending with the Hodrick-Prescott (HP) filter and
to using shorter sample periods, centered around the break date 1984. These estimates, which are
suppressed for brevity, are available upon request.



of the sample, productivity was significantly below trend in each recession. However,
in the post-84 data, this is no longer the case. When we calculate the correlation of
productivity with output or employment, as in Figure 2, it is clear that there is a sharp
drop in the cyclicality of productivity around 1984. The correlation of productivity
with output, which used to be strongly positive, fell to a level close to zero, while the
correlation of productivity with employment, which was zero or slightly positive in the
earlier period of the sample, became negative.

These findings are formalized in Table 1, which reports the contemporaneous corre-
lation between labor productivity and output and employment, for alternative transfor-
mations and time periods. In each case, we report the estimated correlation for the pre
and post-84 subsamples, as well as the difference between those estimates. The standard
errors, reported in brackets, are computed using the delta method.'® We now turn to a

short discussion of the results in this Table.

2.1.1 Correlation with Output

Independently of the detrending procedure, the correlation of output per hour with out-
put in the pre-84 period is high and significantly positive, with a point estimate around
0.60. In other words, from the vantage point of the early 80s —the period when the sem-
inal contributions to RBC theory were written— the procyclicality of labor productivity
was a well established empirical fact, which lent support to business cycle theories that
assigned a central role to technology shocks as a source of fluctuations.

In the post-84 period, however, that pattern changed considerably. The estimates
of the productivity-output correlation dropped to a value close to (and not significantly
different from) zero. The difference with the corresponding pre-84 estimates is highly
significant. Thus, on the basis of those estimates labor productivity has become an
acyclical variable (with respect to output) over the past two decades.

When we use an employment-based measure of labor productivity, output per worker,
the estimated correlations also drop substantially but remain significantly greater than
zero in the post-84 period. This should not be surprising given that hours per worker are
highly procyclical in both subperiods and that their volatility relative to employment-

based labor productivity has increased considerably.!!

"We use least squares (GMM) to estimate the second moments (variances and and covariances) of
each pair of variables, as well as the (asymptotic) variance-covariance matrix of this estimator. Then,
we calculate the standard errors for the standard deviations, the relative standard deviations and the
correlation coefficient using the delta method.

Uletting n and h denote employment and total hours respectively, a straightforward algebraic ma-
nipulation yields the identity:

ply —n,y) = 2 py — hy) + =2 p(h =, )
Ty—n Oy—n
Thus, even in the case of acyclical hours-based labor productivity, i.e. p(y — h,y) ~ 0, we would expect
p(y — n,y) to remain positive if hours per worker are procyclical, i.e. p(h —n,y) > 0.



2.1.2 Correlation with Labor Input

The right-hand side panels in Table 1 display several estimates of the correlation between
labor productivity and labor input. The estimates for the pre-84 period are low, and in
the case of output per hour, insignificantly different from zero. Thus, labor productivity
was largely acyclical with respect to labor input in that subperiod. This near-zero
correlation is consistent with the evidence reported in the early RBC literature, using
data up to the mid 80s.!2

As was the case when using output as the cyclical indicator, the estimated correla-
tions between labor productivity and employment decline dramatically in the post-84
period. In fact these correlations become significantly negative for output per hour, with
a point estimate ranging from —0.40 to —0.54, depending on the filter. The change with
respect to the pre-84 period is highly significant. In other words, labor productivity in

the past two decades has become strongly countercyclical with respect to labor input.

2.2 The Rising Relative Volatility of Labor Input

The left-hand panel of Table 2 displays the standard deviation of several measures
of labor input in the pre and post-84 periods, as well as the ratio between the two.
The variables considered include employment in the private sector, hours in the private
sector (employment times hours per worker) and economy-wide hours. The decline in
the volatility of hours since the mid 80s, like that of other major macro variables, is seen
to be large and highly significant, with the standard deviation falling between 35% and
49% and always significantly so.

A more interesting piece of evidence is the change in the relative volatility of labor
input, measured as the ratio of the standard deviation of labor input to the standard
deviation of output. These estimates are presented in the right-hand panel of Table
2. Without exception, all labor input measures have experienced an increase in their
relative volatility in the post versus pre-84 period. In other words, the decline in the
variability of labor input has been less pronounced than that of output. The increase in
the relative volatility of hours worked ranges from 30% to 48% in the private sector and
from 7% to 30% in the total economy. The corresponding increase for employment is
slightly smaller, ranging from 23% to 43% in the private sector, but is still statistically
significant.

The previous evidence points to a rise in the elasticity of labor input with respect to
output. Put differently, firms appear to have relied increasingly on labor input adjust-

ments in order to meet their changes in output.

2 Christiano and Eichenbaum (1992) used data up to 1983:4 (which coincides with the cut-off date for
our first subperiod), but starting in 1955:4. Their estimates of the correlation between labor productivity
and hours were —0.20 when using household data and 0.16 using establishment data.



2.3 The Rising Volatility of Wages

Next we turn our attention to the volatility of (real) wages, both in absolute and relative
terms. We consider four different wage measures. The first three are constructed as real
compensation per hour. The first difference is in the measure of compensation, which is
measured either from the national income and product accounts (NIPA) or as earnings
from the CES establishment survey. The second difference is in the measure of hours,
which refers to the private sector or to the total economy.'®> The fourth measure is
usual hourly earnings (or usual weekly earnings divided by usual weekly hours) from
the Current Population Statistics (CPS). For all measures, compensation or earnings
are deflated using the compensation deflator from the LPC, but the results are robust

to deflating with the consumer price index (CPI-U) as we show below.

2.3.1 Average Wages

The left-hand panel of Table 3 displays the standard deviation for each wage measure for
different detrending procedures. Our statistics uncover a surprising finding: despite the
general decline in macro volatility associated with the Great Moderation, the volatility
of several wage measures has increased in absolute terms. The estimated increase the
standard deviation is fairly large, between 10 and 42% and mostly significant for the
bandpass filtered NIPA-based wage measures. Using fourth differences, the increase is
much smaller and no longer significant and by some periods there seems to have been a
(small) decrease in wage volatility.

Using earnings per hour from the CES, however, there seems to be a large and highly

14 One difference between the two measures is

significant reduction in wage volatility.
that the NIPA compensation measure includes non-wage payments and, in particular,
employee stock options. Mehran and Tracy (2001) have argued that since these options
are recorded when they realize rather than when they are handed out to employees, the
NIPA measure gives a misleading picture of the evolution and volatility of compensation
in the 90s. However, using the CPS measure of usual hourly earnings, presented in
Table 4, which includes non-wage compensation but not stock options, we again observe

a fairly large increase in the volatility of wages.!® Given the short time series available

3 0ur baseline measure uses compensation from the NIPA and hours in the private sector and corre-
sponds to compensation per hour from the BLS labor productivity and cost program (LPC).

4 This finding is not driven by the fact that the CES earnings measure is only available after 1965. If
we restrict the sample for the NIPA based wage measures to the 1965-2004, the volatility statistics for
these measures look very similar those in the table.

"We use data from the CPS outgoing rotation groups. Since these data are available only from
1979 onwards, we compare the volatility over the 1980-1984 period (allowing for fourth differences) with
that of the 1985-2005 period. For comparison, the first panel of Table 4 presents the volatility of our
baseline measure for compensation per hour for this period. The second panel presents comparable
statistics from the CPS series. Because the CPS wage series is based on a fairly small cross-section of
workers, there is substantial measurement error in these series. Therefore, the standard deviations of
the fourth differenced data are biased upward, see Haefke, Sonntag, and van Rens (2008) for details.



for these data, it is remarkable that the increase in volatility is (borderline) significant
for the bandpass filtered series. Using fourth differences, wage volatility seems roughly
constant.

Our finding that wage volatility increased or at least did not decrease around the
time of the Great Moderation, although with a caveat, is consistent with the results in
Champagne and Kurmann (2010), who also use the CPS to show that the increase in
wage volatility is not driven by compositional changes in the labor force. To the best of
our knowledge, this result was not previously known.'6

An immediate implication of the previous finding, and the one that we want to
emphasize here, is the possibly very large increase in the relative volatility of wages
with respect to to output or labor input, as shown in the right-hand panels of Tables
3 and 4. The relative volatility of wages with respect to output more than doubled for
the NIPA-based measures and for the CPS wage. We interpret this evidence as being

consistent with a decline in the significance of real wage rigidities around 1984.'7

2.3.2 Wages of Newly Hired Workers

On a frictional labor market, the average wage is not allocative, since the frictions drive
a wedge between the reservation wages of firms and workers. Therefore, in order to
assess the implications of increased wage flexibility for other labor market variables, we
also consider the volatility of the wage of newly hired workers as suggested by Haefke,
Sonntag, and van Rens (2008) and Pissarides (2009).

Table 4 presents volatility statistics for the wage of new hires, constructed from the
CPS as in Haefke, Sonntag, and van Rens (2008).!® The first thing to notice is that the
wage of newly hired workers is much more volatile than the average wage in the entire
labor force. This is consistent with the results in Haefke, Sonntag, and van Rens (2008),
who argue that, in the post-84 period, wages of newly hired workers are perfectly flexible,
in the sense that they respond one-to-one to changes in labor productivity. Here, we
focus on the change in the volatility of wages over time.

The absolute volatility of the wage of newly hired workers, unlike the average wage,
decreased substantially and significantly between the pre and post-84 periods. As a

result, the increase in the relative volatility with respect to output is much smaller for

There is no reason however, why the ratio of the standard deviations before and after 1984 would be
biased. In addition, the bandpass filtered data, which do not include the high frequencies induced by
the measurement error, are not subject to this bias.

16Stock and Watson (2002) uncover breaks in the volatility of a long list of macro variables, but they
do not provide evidence for any wage measure.

'"Blanchard and Galf (2008) argue that a reduction in the rigidity of real wages is needed in order to
account for the simultaneous decline in inflation and output volatility, in the face of oil price shocks of
a similar magnitude.

8But unlike in that paper, we do not correct fluctuations in the CPS wage series for changes in
the composition of the labor force by demographic characteristics, education level and experience for
comparability with the other wage measures. Doing so however, makes very little difference for the
conclusions presented here.



new hires, ranging between 3% and 69%, depending on whether we use the mean or
median wage and on the filter used. Although the increase in the relative volatility of
the wage of newly hired workers is much less pronounced, there is some evidence that
wages fluctuated more between recessions and booms also for this group of workers.
This finding is consistent with the evidence presented in Haefke, Sonntag, and van Rens
(2008, section 3.4) and points towards a decrease in wage rigidity that may be important

for employment fluctuations.

2.4 Conclusions

Summarizing, we showed that labor productivity became less procyclical or acyclical
with respect to output, and countercyclical with respect to employment. In addition,
the relative volatility of both employment and wages increased. For completeness, we
also report that the relative volatility of labor productivity increased, and the correla-
tion between employment and output decreased slightly, see Table 5. These changes
coincided with the reduction in volatility in output and most other macroeconomic
aggregates, the so called Great Moderation. This evidence is suggestive of structural
change in the labor market.

In macroeconomic models with a perfectly competitive labor market and a standard
production function, wages are proportional to labor productivity.?’ Our evidence makes
clear that the extent to which this is true in the data depends very much on the period
one looks at. From Tables 3 and 5, we see that the relative standard deviation of wages
with respect to labor productivity was about 0.3 — 0.7 in the the pre-84 period. In the
post-84 period, this relative standard deviation more than doubled to about 1.2 — 1.3.
This is consistent with the evidence in Haefke, Sonntag, and van Rens (2008, section
3.4), who show that the elasticity of wages with respect to productivity in 1984 increases
from 0.2 to 0.4 for all workers, and from 0.3 to 0.8 for newly hired workers. This evidence
suggests that labor market frictions are crucial to understand the observed changes in
labor market dynamics.

In the remainder of this paper, we will show that the vanishing procyclicality of labor
productivity and the increasing relative volatility of employment, can be explained by
a reduction in labor market frictions, if production requires an unobservable input, e.g.
effort. If wages are set competitively, then a reduction in labor market frictions, which
makes employment faster to adjust, should make wages relatively less volatile. Although
the relative standard deviation of wages decreased in some datasets, we argued above

that the majority of the evidence seems to point towards a large increase in the relative

Y These observations are completely determined by the statistics already reported and do not contain
independent information We emphasize the statistics that we considered easiest to interpret.

20With competitive labor markets, the wage equals the marginal product of labor, and with a Cobb-
Douglas production function, the marginal and average product of labor are proportional to eachother.
This well-known argument, which does not rely on business cycles being driven by productivity shocks,
was used recently by Rogerson and Shimer (2010, section 1.3.2).



volatility of wages. Therefore, we show below how the model can be extended with

endogenous wage rigidities in order to generate this result.

3 A Model of Fluctuations with Labor Market Frictions
and Endogenous Effort

Having documented in some detail the changing patterns of labor productivity, labor in-
put, and wages, we turn to possible explanations. More specifically, and as anticipated
in the introduction, we explore the hypothesis that all three observed changes docu-
mented above may have, at least partly, been caused by the same institutional change:
increasing flexibility of the labor market.

To formalize this explanation, we develop a model of fluctuations with labor market
frictions, modelled as adjustment costs in employment (hiring costs). The crucial element
in this model is an endogenous effort choice, which provides an intensive margin for
labor adjustment that is not subject to the adjustment costs. Since the purpose of the
model is to illustrate the main mechanisms at work, we keep the model as simple as
possible in dimensions that are likely to be orthogonal to the factors emphasized by
our analysis. Thus, we abstract from endogenous capital accumulation, trade in goods
and assets with the rest of the world, and imperfections in the goods and financial
markets. We also ignore any kind of monetary frictions, even though we recognize that
these, in conjunction with changes in the conduct of monetary policy in the Volcker-
Greenspan years, may have played an important role in accounting for the decline in

macro volatility.?!

3.1 Households

Households are infinitely-lived and consist of a continuum of identical members repre-
sented by the unit interval. The household is the relevant decision unit for choices about
consumption and labor supply. Each household member’s utility function is additively
separable in consumption and leisure, and the household assigns equal consumption C}
to all members in order to share consumption risk within the household. Thus, the

household’s objective function is given by,

< |zcl
Ey Zﬁt %t?? — Ly (1)
t=0

where 8 € (0,1) is the discount factor, n € [0,1] is the inverse of the intertemporal
elasticity of substitution, v > 0 can be interpreted as a fixed cost of working and Z;

is a preference shock. The second term in the period utility function is disutility from

21See, e.g. Clarida, Gali, and Gertler (2000) for a discussion of the possible role of monetary policy
in the Great Moderation.
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effective labor supply L;, which depends on the fraction N; of household members that
are employed, as well as on the amount of effort &; exerted by each employed household

member ¢. Formally,

N q 1+¢ 1+¢
Lt:/ HCE 1t o)
0

1+¢ 7 Ti4¢

where the second equality imposes the equilibrium condition that all working household
members exert the same level of effort, &; = & for all 7. The parameter ¢ > 0 measures
the importance of effort for the disutility of working, and the elasticity parameter ¢ > 0
determines the degree of increasing marginal disutility from exerting effort. For simplic-
ity we assume a constant workweek, thus restricting the intensive margin of labor input
adjustment to changes in effort.

The household maximizes its objective function above subject to the sequence of

budget constraints,
N

C, = Widi 4 11, (3)
0

where II; represents firms’ profits, which are paid out to households in the form of
lump-sum dividents, and W;; are wages accruing to employed household member . The
household takes into account the effect of its decisions on the level of effort exerted by

its members.

3.2 Firms

Firms produce a homogenous consumption good using a production technology that

uses labor and effort as inputs,

Ny I—a 1-«
Y= A ( / g;fdi) = A (£/N,) (4)
0

where Y; is output, & is effort exerted by worker i, a € (0,1) is a parameter that
measures diminishing returns to total labor input in production, 3 € [0,1] measures
additional diminishing returns to effort, and A; is a technology shock common to all
firms. Since all firms are identical, we normalize the number of firms to the unit interval,
so that Y; and NV; denote output and employment of each firm as well as aggregate output
and employment in the economy. The second equality imposes the equilibrium condition
that all workers in a firm exert the same level of effort, &; = & for all 7.

Firms choose how many workers to hire H; in order to maximize the expected dis-

counted value of profits,

Ey Z Qo [Yr — WiNy — g (Hy)] (5)
=0

11



subject to a law of motion for employment implied by the labor market frictions,
Ny=(1-96)N—1+ H, (6)

where the function g (.), with ¢’ > 0 and ¢” > 0, represents the costs (in terms of output)
of hiring new workers and Qo is the stochastic discount factor for future profits. The

stochastic discount factor is defined recursively as Qo+ = Qo,1Q1,2...Q¢—1,t, where

n
Qt,t+1 = BZHI < Gt > (7)

Zr \Ci11

measures the marginal rate of substitution between two subsequent periods. Like the
household, the firm takes into account the effect of its decisions on the level of effort

exerted by its workers.

3.3 Effort Choice and Job Creation

The household and the firm jointly decide the wage and the level of effort that the worker
will put into the job. In equilibrium, the effort level of all workers is set efficiently,
maximizing the total surplus generated by each match.?? This efficient effort level, in
each period and for each worker, equates the cost of exerting more effort, higher disutility
to the household, to the benefit, higher production and therefore profits for the firm.
Consider a worker i, who is a member of household h and is employed in firm j. The
marginal disutility to the household from that worker exerting more effort, expressed in
terms of consumption, is obtained from equation (2) for total effective labor supply and

equals:
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The marginal product of that additional effort to the firm is found from production
function (4):
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In equilibrium, the marginal disutility from effort must equal its marginal product for
all workers 7. Also, because all firms and all households are identical, it must be that
Cht = Cy and Nj; = Ny in equilibrium. Therefore, it follows that all workers exert the
same level of effort in equilibrium, &; = & for all 4. Imposing this property, we obtain

the following equilibrium condition for effort,
1
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*2Quppose not. Then, household and firm could agree on a different effort level that increases total
match surplus, and a modified surplus sharing rule (wage) that would make both parties better off.
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or, using production function (4) to simplify:
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When considering whether to hire a worker, firms take into account the impact of
the resulting increase in employment on the effort level exerted by their workers. Thus,

the marginal product of a new hire is given by,
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where Up = % measures the additional (negative) effect from a new hire on
output that comes from the endogenous response of the effort level in the firm.
Maximizing the expected net present value of profits (5), where output is given by
production function (4) and the stochastic discount factor by (7), subject to the law
of motion for employment implied by the matching technology (6) and the equilibrium

condition for effort (11), gives rise to the following first order condition,
g (Hi) = Sf (13)

where S/ is the marginal value to the firm of having an additional worker in period ¢,

which is given by,
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