LABOR SUPPLY WITHIN THE FIRM*

Michele Battisti Ryan Michaels Choonsung Park

November 22, 2017

Abstract

Estimates of labor supply elasticities can be sensitive to the source of identify-
ing variation. This paper’s model of production complementarities helps to interpret
conflicting evidence. Complementarities attenuate working time adjustments to idio-
syncratic, or individual-specific, variation in work incentives. Complementarities do
not restrict, however, responses to firm-wide shocks; the latter is mediated by pref-
erence parameters. Estimating the model using matched firm-worker data, the paper
disentangles production from preference parameters. The Frisch elasticity along the
intensive margin is found to be almost 0.5. A quasi-experimental approach, using idio-
syncratic variation in work incentives, would instead find an elasticity less than half
this.

JEL Codes: J22, J23, J31.

Keywords: Intensive margin, production complementarities, bargaining, employee-

employer data.

*Battisti: Ifo Institute, Leibniz Institute for Economic Research at the University of Munich; Michaels:
Federal Reserve Bank of Philadelphia; Park: Korea Institute of Finance. We thank Professor Tattara and
the team of researchers at the University of Venice for granting access to the Veneto data. We appreciate
feedback from participants at NYU’s micro working group; the 2013 meetings of the Canadian Economic
Association; the 2013 meetings of the Society for Economic Dynamics (SED); the 2014 North American
and European meetings of the Econometric Society; the 2014 European Association of Labour Economists
Conference; the 2015 Society of Labor Economists (SOLE) meetings; and seminar participants at Sogang
University (Seoul) and the University of Rochester. We are also thankful for comments and encouragement
from Yongsung Chang. Battisti gratefully acknowledges financial support by the Leibniz Association (SAW-
2012-ifo-3). The views expressed here do not necessarily reflect the views of the Federal Reserve System. All
€ITOTS are our Own.



Variation in labor input occurs along two margins. The extensive margin refers to the
formation and termination of employment relationships, whereas the intensive margin de-
scribes the choice of working time conditional on being employed. Recent labor market
analysis, such as in the search and matching literature, has focused on the extensive margin.
But variation along the intensive margin is significant. At the aggregate level, fluctuations
in working time per employee are as large as movements in employment in several European
economies (Llosa et al, 2012). At the plant level, data on U.S. manufacturers show that
the variance of changes in working time per person is equal to that of employment growth
(Cooper et al, 2015).!

This evidence on intensive-margin fluctuations appears at odds with implications of the
earlier labor supply literature. The data in Cooper et al (2015) imply that a one standard-
deviation movement in hours amounts to 96 hours per quarter.? Yet Hall (1999) notes that
estimates of the Frisch labor supply elasticity (for men) are centered around 0.2 and are often
nearly zero. If the latter were right, Hall argues, the deadweight burden of these plant-level
hours fluctuations would seem to be implausibly high.

In this paper, we consider a framework that can reconcile this seemingly contradictory
evidence on the intensive margin. In this setting, workers are complements in production but
have heterogeneous preferences over leisure. Complementarities have important implications
for the identification of the intertemporal (Frisch) elasticity of substitution in (intensive-
margin) labor supply. For instance, variation in a worker’s own, idiosyncratic labor supply
incentives yields relatively small changes in working time, since the efficient response is
attenuated when one’s effort is not complemented by higher effort of co-workers. On the
other hand, firm-wide variation in the return to working coordinates the responses of het-
erogeneous workers, revealing the true willingness to substitute effort intertemporally. The
model can thus predict more significant changes in firm-wide working time without imply-
ing counterfactually large responses to idiosyncratic events. We estimate the model using
employer-employee matched data from northern Italy and show how to recover the structural
parameters governing the degree of complementarities and the Frisch labor supply elasticity.

Our approach has been foreshadowed (informally) in several earlier assessments of the

labor supply literature. For instance, Pencavel (1986) notes that a worker’s labor input is

!Intensive-margin adjustments account for between one-fifth and one-third of the aggregate variation in
U.S. total labor input at a quarterly frequency, depending on the detrending procedure (Cacciatore, 2017).

2Cooper et al report that the standard deviation of the log change in quarterly hours was 0.18 in their
sample period (1972-80). Annual hours per production worker averaged 1,952 during this time, according to
the NBER-CES manufacturing database. Thus, starting from a quarterly level of 488 = 1952/4 hours, an
18 log-point increase amounts to a change of 96 hours.



often coordinated by his employer. Relatedly, Hall (1999) contends that, “if an event occurs
that is personal to the worker ... it is unlikely that the employer will agree to a reduction in
weeks ad hoc” (p. 1148). These comments place the employer at the center of the theory of
intensive-margin labor supply.?

In this paper’s model, the firm does have a starring role. The firm and its workers join
in long-term employment relationships, bound together by the fact that extensive-margin
adjustments are costly. Working time is bargained jointly to maximize the surplus from the
match. The resulting distribution of working time across employees represents a balancing
of two interests— productive complementarities and heterogeneity in the disamenity from
work. If the former is forceful enough, then employees agree, jointly with their employer, to
vary their working time in a similar manner despite having disperse preferences.

Differences in preferences over leisure are accommodated, instead, by the earnings bar-
gain, which is derived from a Nash-like surplus-sharing protocol. If a worker’s labor input
remains high despite an increase in her marginal value of time, she is compensated accord-
ingly. Hence, under complementarities, the distribution of working-time adjustments across
employees within the firm is compressed relative to the dispersion in earnings growth.

To assess our interpretation of working-time fluctuations and earnings, we introduce in
Sections 2 and 3 a unique source of panel data. We use a matched worker-firm dataset that
tracks the universe of workers and firms in the northern Italian region of Veneto from 1982 to
2001.* The dataset includes each employee’s annual days worked for each of her employers.
Working days is an active margin: in a given year, over 50 percent of workers adjust their
days, and among these, the typical change is between 10 and 19 days. Still, the omission of
daily hours in our data is arguably concerning. However, we show that in Italian household
survey data, fluctuations in days worked account for about 80 percent of variation in total
hours, consistent with the prevalence of Saturday overtime in Italy (Giaccone, 2009).

In Section 4, we estimate the model using the method of simulated moments. Our identi-
fication strategy relies on observing earnings and working time inside firms. Complementar-
ities “squeeze out” the influence of idiosyncratic factors on working time. As a result, these
factors are reflected primarily through the (within-firm) dispersion of earnings growth. We
can thus infer the strength of complementarities by comparing the variance of working time

adjustments across workers within firms to the variance of earnings growth (again, inside

30f course, there may be some jobs (e.g., taxi driver) that align with what is envisioned by canonical
intertemporal labor supply theory, in which the worker has substantial discretion over his schedule (see
Farber, 2005).

4In Ttaly, taxes and social insurance contributions are tied to days worked, which is why data on the
latter are reported to the public social security organisation INPS.



firms). If the ratio of the former to the latter is small, idiosyncratic variation is suppressed
in working time. Accordingly, our model infers a high degree of complementarities, or more
exactly, a low elasticity of substitution across workers in production.

Whereas we identify complementarities off within-firm variation, preference parameters
governing labor supply are more sharply revealed by firm-wide fluctuations in working time.
Our approach uncovers an estimate of the Frisch elasticity of (firm-wide) working time of
0.455. This suggests more willingness to substitute effort intertemporally than found in the
earlier, seminal life-cycle literature (see MaCurdy, 1981; Browning et al., 1985; Altonji, 1986).
It is, however, more in line with recent results summarized in Chetty, Guren, Manoli, and
Weber (2011). In Section 4, we discuss the source of variation used in more recent studies
and why we suspect our results align with theirs.

To highlight the implications of our results for empirical analysis, we simulate a simple
policy intervention in Section 5. A fraction of a firm’s workforce receives the “treatment”—a
shift in their own labor supply incentives—but the remainder of the firm’s workers do not.
We contrast the outcome with the case in which all workers participate in the intervention.
Reflecting the role of complementarities, working time declines by 50 to 115 percent more
when all employees receive the treatment (depending on how the extensive margin adjusts).
Furthermore, if we use the treatment effect in the case where only a fraction of the workforce
participates to infer the Frisch elasticity, the implied elasticity is less than half the estimate
(0.455) we uncover.

This experiment illustrates that the response of working time to an idiosyncratic event
may bear little resemblance to the underlying preference parameter. This is a simple, but
important, point, because many influential studies utilized this latter variation. Hall (1999)
notes, for instance, that the tepid response of working time in the randomized control trials
known as the Negative Income Tax (NIT) experiments greatly informed the consensus on
labor supply. Yet this kind of variation—a sample of workers is selected to receive a cash
grant—is clearly idiosyncratic to the worker.?
cycle analyses of MaCurdy (1981) and Altonji (1986), which identify the Frisch elasticity off

the response of time worked to an individual’s own (predictable) wage changes.

The same point applies to the seminal life-

A few recent contributions touch on a number of themes presented here. Chetty, Fried-
man, Olsen, and Pistaferri (2011) identify evidence of coordination in working time using

the “bunching” of taxable income at kinks in the tax-rate schedule. We use different data

>The NIT experiments were run in a handful of U.S. cities in the late 1960s and early 1970s. Participating
households received a cash grant that was declining in their earnings. We discuss the NITs again in Section
5, since the size of the simulated policy intervention is based on the typical NIT.



and a distinct identification strategy, but like these authors, we conclude that idiosyncratic
variation in the return to working will typically fail to recover the true willingness of workers
to vary their labor input.> Chetty (2012) offers another approach to inference, which uses
estimated elasticities to bound preference parameters even when the source of the wedge
between elasticities and parameters is not explicit. Our approach is complementary: we for-
malize a specific reason why reduced-form estimates may not identify preference parameters
and use this model to recover the parameters. Finally, Rogerson (2011) also argues that
coordination may break the link between estimated elasticities and structural parameters,
but studies an aggregative model in which workers coordinate their leisure.

The paper proceeds as follows. Section 1 introduces a dynamic labor demand model in
which a firm and its worker bargain over working time and wages. In Sections 2 and 3, we
describe our data and present the empirical moments used in estimation. Section 4 estimates
the model, and Section 5 assesses the implications of our results for empirical work on the
intensive margin. Section 6 examines the robustness of our results along several dimensions.
We devote special attention to the implications of mismeasuring working time, reflecting the

lack of information on daily hours in our Veneto data. Section 7 concludes.

1 Theory

1.1 The setting

We first describe workers’ preferences, firms’ production technology, and the structure of the
labor market.
Preferences. A worker’s utility is separable in consumption and leisure. The

disutility from time worked h is given by

h1+s0

14+ ¢

vim=el 1)
where ¢ governs the worker’s willingness to vary working time and £ indexes the “distaste”
for work. More generally, £ encompasses any shift in the worker’s marginal value of time. For
instance, a rise in £ can capture the case in which a worker is needed at home to temporarily

look after a family member.

SOur theoretical framework also differs from that in Chetty et al (2011), who assume firms post a single
work schedule for all employees. This approach echoes Deardorff and Stafford (1976) and Dickens and
Lundberg (1993). Our model leaves room for idiosyncratic factors, so we can accommodate the observed
working time changes within the firm.



For tractability, we make several simplifying assumptions concerning &. Each worker
draws a value of ¢ at the start of a period from a K-dimensional set, X C RX. These
draws are i.i.d. across time and workers. Invoking a law of large numbers, a deterministic
share \¢ € (0,1) of each firm’s workforce will be of “type” £ € X, where D ., A¢ = 1 and
% de » & is normalized to 1.7 Second, we assume ¢ is unknown to the firm at the time of
hire but perfectly observed thereafter. Accordingly, firm and worker can contract (earnings
and working time) on £. This is plausible if the two anticipate a long-term arrangement that
supports the (credible) communication of private information.®

In general, shifts in & would impinge on consumption. To avoid this complication, we
appeal to the now-familiar notion of a “large” family (Merz, 1995; Hall, 2009). Specifically,
we assume each individual belongs to one of many large families, each of which deploys
members to the (national) labor market where they are randomly matched with firms. A
family then pools its workers’ earnings, thereby insuring members’ consumption against risk
that is idiosyncratic to the member (i.e., ). As a result, the flow value of working can be
written without regard for the degree of risk aversion; it depends only on earnings and the
disamenity of supplying labor, v (h) (Trigari, 2006).°

Production structure. A firm’s output is an aggregate over a continuum of jobs,

which are (potentially) complements in the production of a final good. Formally, v (i) is

r=KZ (/Oly(z‘)sz')a/p, (2)

is final output, or revenue, where Z is an index of firm-wide profitability; K = K(1-r/r

output of job i, and

is a normalizing constant that simplifies the algebra to follow; a € (0,1) is the returns to
scale at the firm level; and p € (—o00, a) determines the elasticity of substitution across jobs,
given by 1/ (1 — p) . Note that under decreasing returns (a < 1), the limiting case of perfect
substitutes corresponds to p = a.

Under certain simplifying assumptions, (2) takes a more tractable form. Assuming output
7 (7) of a job i is proportional to total man-hours on that job and supposing that no worker
has a comparative advantage in any one job, one can motivate a simple allocation in which

an equal measure k = 1/K of (non-overlapping) jobs is assigned to each type.'® Accordingly,

"We discuss later the possible implications of persistence in &.

8We will show that earnings are increasing in, and working time decreasing in, &, suggesting that low-£
workers may want to mimic high-£ workers. Since type is i.i.d., however, reporting a high ¢ period after
period would suggest that one is not being truthful, enabling the firm to root out bad behavior.

9The Bellman equation describing the value of working is reported below—see equation (5).

10The Online Theory Appendix compares the solution of the assignment problem to this rule of thumb.



total man-hours on any job ¢ assigned to type £ are nghe/k, where ng is the measure of

workers of type & and hg is time input per worker.!! Equation (2) becomes

a/p
I'=G(M,nZ0) =2 (Z (nfhg)f’) : (3)

£ex

where n = {n¢} and h = {h,} are column vectors of, respectively, type-specific employment
and working time. Note that for p < «, time inputs of different types are g-complements,
i.e., the marginal product of a type is increasing in the input of any other type.

In our empirical application, we work with a more general version of (3). In this case,
workers also take an i.i.d. draw 6 from a L-dimensional set of productivities, ) C R*. A
worker’s “type” is now summarized by one of M = K x L pairs, ¢ = (£, 0). Again supposing

an equal measure m = 1/M of jobs is assigned to each type, equation (3) generalizes to

a/p
I'=GM,nZg) =2 <Z > (enwhwy) . (4)

fex ey

Labor market frictions. Labor market frictions mediate the formation of employ-
ment relationships. Following Roys (2016), there is a matching friction that operates at an
aggregate level, that is, the pace of job finding (and, job filling) is mediated by aggregate
conditions. Since we analyze a firm’s problem in the aggregate steady state, we do not
elaborate further on matching. There are also employment adjustment costs, which take the
form of a per-capita cost of hiring, ¢, and firing, c.

Labor market frictions play a subtle but crucial role in our analysis. Our empirical strat-
egy is predicated on the idea that complementarities can leave very different imprints on
the adjustment of earnings as opposed to working time. Underpinning the role of comple-
mentarities are labor market frictions. To see this, suppose workers share the same 6 and
are perfectly mobile across firms (e.g., there is no matching friction). A law of one wage
must then prevail, notwithstanding the presence of complementarities. As a result, changes
in earnings will merely mimic movements in working time.!?

Our analysis of complementarities thus rests on a foundation laid by models of frictional
labor markets. Matching frictions pervade labor market analysis (Rogerson and Shimer,

2010), and firing costs, such as mandated severance, are common in European labor markets,

"1 At this point, he is interpreted as average time worked among workers of type &. In the proof of Propo-
sition 1, we establish that every worker of a given type will supply the same time.
12We are grateful to the Editor for urging us to address this point.



which is the context of our empirical application (Bentolila and Bertola, 1990).

1.2 Characterization

This section reports the dynamic problems faced by workers and firms and characterizes the
choices of working time, earnings, and employment. Note that the timing of events is such
that working time and earnings will be bargained between firm and worker after employment
has been decided. Accordingly, our notation will reflect that working time, h, and earnings,

W, are conditioned on employment, n, as well on types ¢ and productivity Z.

1.2.1 Firm and worker objectives

Workers. Consider the present value of working as type ¢ at a firm of productivity Z.
In the present period, the employee earns a flow return equal to earnings less the disutility
of supplying labor, W, (n,Z;¢) — & - v (h. (n,Z;¢)). In the following period, productivity at
the worker’s firm, Z’, is realized, and the worker draws a type, ¢’. A separation will occur
if the continuation value of the match is driven down to (at least) U’, the present value of

nonemployment. Accordingly, the present value of working is given by

W§ (H,Z; C) - 57/ (hC (H,Z; C))

We (n,Z;¢) =
N ( ) +5 Zgl )\g/E [HlaX {ul7 Wc’ (n’,Z’; §,>}] :

Now subtracting U from W, and rearranging yields an expression for S}V = W, — U, the

surplus from working,

WC (H,Z; C) - SV (hC (l’l,Z; C)) —H

S (n,Z;¢) =
< (n C) ‘f‘ﬂ ch /\g,E [maX {0, Sg,v (n”Z/; gl)}] ’

(5)
where uy =U—LU and r =1 — .

A few remarks on (5) are warranted. First, U reflects, in part, the anticipated value of
a future job. Since type is i.i.d., the value of a future job is independent of the worker’s
present type, <. Hence, U is not indexed by ¢. Since there is no idiosyncratic component to
U, it follows that & = U’ in an aggregate stationary state. Therefore, u = rid, which will
be treated as a parameter to be estimated.'® Second, the flow return from working should

be written, more generally, as W, — ({/{) - v (h¢), where 1/¢ is the inverse of the marginal

130ther forms of persistent heterogeneity—for instance, in the value of home producton—would likely
render U # U'. We abstract from such considerations and assume throughout that U is fixed. For further
discussion of the present value of nonemployment, see section 4.2.



value of wealth that translates utils, {v (h.), into units of the numeraire. Accordingly, the
choices of working time and earnings will hinge on the ratio, £/¢. However, since our data
do not measure wealth (or, consumption), we cannot separately identify these two elements.
To proceed, we treat ¢ as an i.i.d. draw from a finite dimensional set such that &/¢ satisfies
the restrictions on £ outlined in Section 1.1. We can then suppress ¢ in what follows, though
we can still exploit the isomorphism between shifts in ¢ and marginal utility to interpret
heterogeneity in the data.'*

The firm. At the start of a period, the firm has a workforce of measure N_;.'> After
productivity, Z, is realized, the firm may choose to hire. We assume hires are anonymous, in
that a new worker’s type ¢ = (&, ) has not been drawn at the point of hire. After hires (if
any) are made, the firm’s workforce is denoted by N. Then, all N' workers draw a type, and
the firm and (some of) its workers may jointly decide to separate. The number of separations

of type-¢ workers is defined by
sc = max {0, AN —n.}, (6)

where n, is the mass of type-¢ workers retained. It follows that N = ) n is the measure
of the workforce used in production (and then “carried into” next period). Wages and time
worked will be bargained after separations (if any) are made.

It is helpful to proceed by first defining the present value of a firm for a given allocation,

n ={n.}. Let 7 stand for profit gross of firing and hiring costs,
m(n,Z;¢) = G (h(n,Z;6) ,n,Z;s) —n'W (n,Z;5)

where n” is the transpose of n and W is the vector of earnings over types, W = {W_} . The

corresponding present value of the firm is

M(nZ)=n(h(n),nzs) +f / (N, Z')dF (Z|2), (7)

where 8 € (0,1) is the discount factor, F' is the distribution function of productivity and
IT is the continuation value. Note that II can be written as a function of just two state
variables, (N, Z’), despite the heterogeneity across workers within a firm. This tractability
is purchased by the assumption of i.i.d. types ¢ = (§,0), which implies that we do not have

to track individual types of workers over time.

M Card (1990) flagged changes in the marginal value of wealth as a source of variation in working time.
15The subscript _; denotes a one-period lag, and a prime ’ denotes next-period values.



The dynamic programming problem may now be written as follows. It is instructive to
work backwards, given A/. The firm’s problem at this stage is to decide separations, and is

characterized by the Bellman equation,

I~ (N, Z) = max, {f[(n,Z) —cyo. Sg}

= maxy {1:[ (n,Z) — ¢y  max{0, AN — ng}} , (8)

where we have used (6). Then, step back to the initial stage and consider the choice of hires,
which brings the workforce up to a level, N'. Since hires are anonymous, the value of the

firm at this stage is
H(N,l,Z):mAz}x{ —¢-max{0,N = N_;} +II" (N, 2) }. (9)

Note that (8)-(9) allow that a firm may hire and separate workers in the same period.
However, for sufficiently (and realistically) high ¢ and ¢, this will not happen. Intuitively,
productivity would have to be very low to warrant any separations, in which case no hires
will be made.'® Thus, at firms that separate, N' = N_;.

1.2.2 Working time

We assume that working time is chosen efficiently via bilateral bargaining between a firm
and each of its workers. Each worker’s marginal disamenity of working time is equated to
the marginal value of his working time to the firm. Solving this first order condition yields

the following result.

Proposition 1 For any individual worker of type ¢ = (&,0), the efficient choice of working

time s given by

heop = (aZ) (n; g))wﬁ ) [gpng’;l/ﬂ ==

a=p

o\ 10
with Q (n;¢) = <Z Z [y‘ﬂ+1nf’y/$} <p+1—p> ' (10)

reX yey

Equation (10) is our first indication of the role complementarities play in shaping the
variation in working time. In particular, the response of a type’s working time to firm

productivity, Z, may be quite different than its response to idiosyncratic forces, £ and 6.

16Gee the Appendix and the Online Theory Appendix for more.
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The elasticity of working time with respect to Z is 1/ (¢ + 1 — «). This measures the
worker’s willingness to vary working time in response to changes in the return to working
induced by variation in Z, holding all else equal. Accordingly, this has the interpretation
of a Frisch (marginal-value-of-wealth-constant) elasticity. In the limiting case of constant
returns, @ = 1, this elasticity is determined solely by the preference parameter, . More
generally, it also reflects a € (0, 1), since agents want to avoid concentrating production in
one period relative to another when the technology is subject to diminishing returns.

Consider, next, the reaction of working time to idiosyncratic events, ¢ and 6.17 Specifically,
we can imagine reassigning a single worker to another one of the M — 1 types, leaving
unchanged the preferences and productivities of the remaining workers.!® Straightforward

differentiation then establishes the following.

Corollary 1 (1) The elasticity of working time with respect to & is =1/ (p+1—p) < 0. In
the limiting case of p = —oo (perfect complements), working time is therefore invariant to §.
(II) The elasticity of working time with respect to 0 is bounded above by o/ (p +1 — ) > 0,
which obtains if p = «, and below by —1, which obtains if p = —oc.

There are several aspects of the Corollary that deserve attention. First, the reaction of
working time to changes in ¢ and Z coincide only if p = «, which implies that tasks are perfect
substitutes. Otherwise, working time adjustments to ¢ are attenuated. Indeed, the response
of working time is almost entirely suppressed if tasks are sufficiently strong complements.
Though a fall in ¢ reduces the marginal disamenity from working, the marginal product of
an individual’s effort is negligible holding fixed her colleagues’ working time. Since there is
almost nothing to be gained by working more, the efficient choice of working time calls for
no change to be made. Critically, this invariance obtains independently of the preference
parameter, @, that shapes the Frisch elasticity with respect to firm-wide productivity, Z.

Interestingly, the response of working time to 6 does not vanish when p = —oo. The
reason is that, unlike a shift in &, a perturbation to productivity, #, has a direct effect on
a worker’s output. If tasks are gross substitutes, the higher marginal product stimulates
an increase in working time. Otherwise, if tasks are highly complementary, working time is

reduced to bring the outputs of this type into line with those of other types. The extent of

"Since ¢ serves as “shorthand” for £/¢, we do not refer to dlnheg/dIné as a Frisch elasticity. If the
source of the variation is ¢, then this derivative is more akin to the marginal propensity to consume leisure
out of changes in (nonwage) income.

81n other words, the distribution of employees over types n = {n¢ ¢} is taken as given, even if the identities
of the workers in the types changes. Therefore, from the perspective of a single worker, firm-level aggregates,
such as 2 (n;¢), are treated as fixed for this exercise.

11



the change in working time hinges on the extent of complementarities. In fact, if p = —o0,
the response of working time becomes entirely detached from ¢.
Proceeding, the solution to working time enables us to concentrate h out of the firm’s

problem. Substituting (10) into (4), we can now work with the revenue function,

o+1 a etl—p

I'=CG(n,7Z;¢) = aeriza Zeria (nyg)aretia (11)

Likewise, we use 7 (n,Z;¢) = G (n,Z;¢) — n”W (n,Z; <) to denote profits conditional on

optimal working time.

1.2.3 Earnings

Earnings are negotiated each period according to the Stole and Zwiebel (1996) bargain,
which was generalized by Cahuc, Marque, and Wasmer (2008) to the case of heterogeneous
workers. Cahuc et al (2008) abstracted from the intensive margin and assumed a fixed rate
of separations (layoffs). Our solution relaxes these restrictions.

Under the Stole and Zwiebel protocol, the wage is set by splitting the marginal match
surplus, awarding a share, € (0,1), to the worker.!® The marginal surplus, in turn, is
the sum of S (n,Z) = W, (n,Z) — U and the firm’s surplus, which has two parts. The
first, denoted by J. (n,Z), is the marginal value of type-¢ labor gross of hiring and firing
costs. Since surplus-sharing is carried out after n ={n.} has been chosen, J. (n,Z) can be

calculated simply by concentrating h out of (7) and differentiating with respect to n.,

J.(n2) =

0
o 0.Zi6) + 8 [ Ty (N, 2)dF (212),

recalling that N = _n.. As for the second component, note that the firm can be penalized
c if it and the worker fail to agree, resulting in the worker’s separation. Accordingly, the

surplus from retaining the worker is J; (n,Z) + ¢, and the earnings bargain solves,
Wem,Z)—U=nW:(n,2) -U+T:(n,2) +¢). (12)

Proposition 2 presents the solution to this surplus-sharing problem.

9 Briigemann et al (2015) show that splitting the marginal surplus is the outcome of a game in which a
firm bargains with each worker in sequence, and the strategic position of workers is symmetric.

12



Proposition 2 The Stole and Zwiebel bargain for a worker of type ¢ = (&, 0) is given by

oG (n,7Z; ¢
Wen (0.2:6) = 1 | w2 D el + (1= 0) (s heo ) 4. (13
where Kk = (<p+1)(f:(_10—ta))—a > 1, p=1U, and he g (n) satisfies (10).

The structure of (13) is intuitive. The bargain is a weighted average of the worker’s
contribution to the firm and his outside option. The former consists of the worker’s produc-
tivity plus the annuitized firing cost, rc, which the worker “saves” the firm by continuing
the match.?® The outside option includes the utility, v (ke (n)), that can be recovered by
quitting to non-employment and p, the annuity, or flow, value of non-employment.

Interestingly, (13) shares features with the solutions of collective bargaining games.
Taschereau-Dumouchel (2015) shows that the Nash bargaining solution between a firm and
its unionized workforce sets a wage for each worker that, like (13), depends on labor produc-
tivity and the worker’s outside option. Unlike in (13), though, the union-negotiated wage

depends only on average, not marginal, product.?!

1.2.4 Comparing earnings and working time dynamics

Several of the model’s key implications for the joint dynamics of earnings and working time
can be gleaned from (10) and (13). To see this, it is helpful to first write out (13) more
explicitly using (10) and (11),

_(e+1)(1=p)

Weo (0,7;6) = 5 (aZ (n;6))#F0w 0971 /€] 717 ng, #1704, (14)

)

np+(1—n) 72
D —(i-a)—a
in the employment of other types (via €2 (n)) and decreasing in own employment.

and w = nrc+ (1 — n) p. For any p < «, earnings are increasing

where » = (

More importantly, equation (14) sheds light on the mapping between idiosyncratic events,
¢ and 6, and earnings. In particular, the earnings bargain can be far more accommodating of
idiosyncratic pressures than working time. Consider an increase in the distaste for working,

&. If tasks are strongly complementary, the efficient choice of working time is to suppress

20The worker can use ¢ to negotiate a higher wage because the firm is subject to the severance cost as
soon as the worker is hired. This is consistent with the labor contract that was most prevalent in Italy in
our sample. See Mortensen and Pissarides (1999) for a discussion of bargaining under severance costs.

21 Also unlike in (13), the heterogeneity of outside options in Taschereau-Dumouchel reflects persistent
differences in workers’ productivities. In our context, differences in worker productivities that persist across
employers would render the problem much less tractable.
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any response to the change in £. The workers earn, in return, a premium for continuing to
supply effort when doing so is especially costly, as indicated by (14). Thus, a change in
passes through to earnings much more so than to working time. The following Corollary

makes this intuition precise.

Corollary 2 The absolute size of the log change in earnings with respect to &, |0InWe /0 1In €],
exceeds the absolute size of the log change in working time, |01Inheo/0InE|, if tasks are suf-

ficiently strong complements in the sense that p < — (1 — w/ W&@)il .

Corollary 2 holds out the possibility of using data on earnings and working time to infer
p. By shifting ¢ but holding Z fixed, we are perturbing earnings and working time within a
given firm. Therefore, if we look across workers within a firm and observe more dispersion
in earnings changes than in working time adjustments, the model infers that p is relatively
low. Conversely, under strong substitutibility, changes in ¢ induce more variation in working
time adjustments. These observations suggest that the relative dispersion of earnings and
working time changes within the firm can identify the degree of complementarities.

There are, however, a few subtleties in the mapping from p to earnings and working time
dynamics. First, consider again a perturbation to . Corollary 2 shows that the range of
p over which the response of earnings is amplified (relative to the change in working time)
depends on the share of earnings tied down by w. The latter, a weighted average of rc and
1, will in fact be dominated by the outside option, . Thus, by determining the weight
of p in the earnings equation, worker bargaining power, 7, mediates the influence of p on
earnings and working time.?> We show later that variation in earnings at the firm level—that
is, changes in average earnings that the model interprets as being due to changes in Z—offers
a lever for separately identifying 7.

Second, Corollary 2 refers only to a perturbation to £. As we saw above (Corollary 1),
the reaction of working time to a change in 6 is not muted even when p = —oo, as it is
when ¢ is perturbed. Indeed, strong complementarities in this case can induce, rather than
mitigate, the response of working time to idiosyncratic variation.

Clearly, the mix of these two idiosyncratic forces—¢ and #—is critical to earnings and
working time dynamics. How can we identify the predominant source of variation? A key
piece of evidence is the comovement of the wage rate, we g = Weg/hep, and working time,
heo. A higher & (weakly) depresses he g and is compensated by a higher wage, we . In other

words, it acts like an inward supply shift. In contrast, a change in productivity 6 works like

220ne may easily verify that a lower 7 also reduces s, the weight on the first term in (14).
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a demand shift, tending to move working time and, as long as w is again not too large, the

wage rate in the same direction. Corollary 3 formalizes this simple idea.

Corollary 3 (1) The responses of working time and the wage to changes in & are, unam-
biguously, of the opposite sign. (II) A change in 0 shifts working time and the wage in the
same direction as long as w/We g is not too large in the sense that (1 —w/Weg) (¢ +1) > 1.

The correlation between working time and wage rates is indeed negative in our data (see
Section 4). Corollary 3 indicates that this fact can be accommodated, for any values of w
and ¢, by variation in £. We therefore infer that £ is likely to comprise a majority of the
idiosyncratic variation and, by Corollary 2, working time and earnings changes within the

firm convey critical identifying information about p.

1.2.5 Employment demand

Thus far, we have taken total firm employment, N, as given. However, if firms can shift
along the extensive margin, working time does not have to bear the full burden of adjusting
to changes in Z in particular.?* Thus, the observed responses of working time are intertwined
with the firm’s dynamic employment demand.

To shed light on the optimal labor demand policy, consider the problem of a firm of
size N = N_; (it did not hire in the first stage). We ask if this firm should separate from
workers of (arbitrary) type ¢ = (&, 6), taking as given the participation of the remaining
types. A separation is made if the marginal value of labor, evaluated at N_;, is less than

the separation cost,

on (AN_l,Z; S
on.

) 1 5 / I, (N_y, 2') dF (2'|2) < —¢. (15)

where A is a M x 1 vector of the shares \., and the derivative of 7 is evaluated at the initial
workforce, n = AN_;. The appendix verifies that II is supermodular in its arguments, which
implies that the marginal value of labor, the left-hand side of (15), is increasing in Z. It

follows that there exists a threshold, Z. (N_;), such that a type-¢ worker is separated if (and

23 Abowd and Card (1987) note that, if labor supply is chosen taking the wage as given, earnings are more
volatile than working time if the sole driving force is productivity. But this, and other working time protocols
lacking any notion of complementarities, will fail to replicate the relative volatility of earnings growth if there
are supply shifts. See Online Theory Appendix.

24Consider a firm with workforce N. Recalling (10) and supposing A¢g = 1/M V (£,0), it follows that

1
nep = N/M and he g = (ZN*71Q (1;6) /M) 77— - [0 /€] 715 . Thus, the effect of reducing Z on working
time can be partially offset by lowering N.

15



only if) Z falls below Z. (N_1). The type of worker separated first is the type ¢ for which
Z.(N_y) is highest.

If Z falls further, the firm separates from another type, 7 # ¢. As the firm does this,
separations from the first type ¢ continue. This reflects that workers are (q-) complements
in production: as the firm reduces labor input of type 7, the marginal value of type ¢ falls
further. Thus, the optimal policy prescribes that both types are separated in tandem. This
intuition underlies the result given below. To state the proposition, we use the notation

S1,--+555,---,SMm to convey that a type ¢; is the jth type to be separated.

Proposition 3 There exists a ranking <y, ..., sy and a corresponding sequence (21 (N_1), Z,(N_4), ) ,
with the latter listed in decreasing order, such that workers of all types (<1, ..., ;) are separated
if and only if Z < ZZ (N_y).

In certain cases, we can say more about the mapping from type to threshold. Take the
special case in which ¢ € X C R is the only source of heterogeneity across workers, and
suppose A¢ = 1/K for all types. Then, one can show that low-¢ workers will be the first
to be separated. Intuitively, high-¢ workers supply less effort conditional on participation,
and, as a result, their participation is valued all the more if jobs are complements. If the A¢s
differ across types, complementarities imply that workers from relatively abundant cohorts
(all else equal) will be separated first.

The final piece of the optimal policy is the decision to hire. Recall that the firm hires
before types are drawn. Thus, its choice is to raise firm-wide employment, and each type’s
size will be increased in proportion to its share in the population. Thus, starting from a firm
size of N_1, the firm assesses whether the marginal value of increasing employment above

N_; exceeds the marginal cost of hiring, ¢. This obtains if

on (AN,l, Z, S
ON_4

) 4 5 / I, (N, Z')dF (2'|2) > ¢,

where each cohort size is evaluated at n = AN_;. Again by the supermodularity of the
problem, the firm will hire if Z exceeds a certain threshold, denoted by ZO (N_1) . In principle,
the firm could both separate and hire. However, as we argue in the Appendix, one can
guarantee that Z; (N_;) < Zy (N_y) if ¢+ ¢ is sufficiently (and realistically) large. For values
of Z between Z; (N_1) and Zy (N_y), the firm does not adjust, e.g., N = N_;.

Figure 1 illustrates the labor demand policy for a case with four equally likely types
(K =L =2and A\, = 1/4 Y ¢). There is a middling range of Zs, between Z; (N_;) and
Zy (N_1), over which employment of each type is unchanged. To the right of Zy (N_;), the
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firm hires, and each type’s employment is increased equally. As Z declines below Z (N_4),
type <1 employment is reduced, while other types’ participation remains fixed. As Z falls

further, a second type is separated jointly with type ¢;, consistent with Proposition 3.

2 Taking model to data

This section begins laying the groundwork for taking our model to microeconomic data on
earnings, working time, and employment in Veneto, Italy. Located in the North East, Veneto
is one of the largest and richest of Italy’s 20 administrative regions.?’ In this section, we
introduce the data, the Veneto Work History (VWH) files, and make the case that Veneto

is a reasonable testing ground for our theory.

2.1 The Veneto Work History files

Our empirical analysis uses the Veneto Worker History (VWH) dataset that has been orga-
nized and maintained by researchers at the University of Venice. The VWH is a matched
worker-firm database that covers the region of Veneto for the years 1982-2001. For virtually
every private-sector employee in Veneto, it records each employer for which he worked at
least one day. Public-sector employees and the self-employed are excluded. The full sample
contains 22.245 million worker-year observations.

The VWH data has a number of features that recommend it for this analysis. Most
importantly, the VWH reports for each worker the number of annual days paid and the cal-
endar months worked with each of the individual’s employers. The availability of a measure
of working time in a matched employee-employer database is a unique feature of the VWH
and is critical to our estimation strategy. The VWH files also record each worker’s annual
earnings, from which we can compute the average daily wage.

Table 1 provides a set of summary statistics for the full sample. On average, workers
work between 23 and 24 days per month (conditional on positive days worked that month).
This reflects the prevalence of six-day weeks in Veneto in this period. The sixth day, in many
cases, represents overtime. The average daily wage is around 120 Euros, and on average the

number of paid months per worker (per year) is 10.

2Regional income data from ISTAT, Italy’s statistical agency, begin in 1995. Putting these data on a
purchasing power parity (PPP) basis using estimates from the Penn World Tables, Veneto’s average income
per person was $27,433 during 1995-2001, ranking sixth among Italian regions. Its population of 4.45 million
(1995-2001) ranked fifth, according to EUROSTAT.
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Table 2 zeroes in on moments of the distribution of annual changes in paid work days.?
While many workers do not adjust their days from one year to the next, 33 percent change
the number of days worked by more than 10.2” Moreover, conditional on changing days, the
typical size of the change is between 10 and 19, depending on whether some of the largest
adjustments are included.

The VWH’s measure of paid work days, as valuable as it is, is an incomplete recording
of total working time. First, paid days does not equate to days at work; for instance, the
former will include paid leaves of absence such as vacation. If the paid time off is taken each
year, though, we will measure changes in working time correctly. Other forms of leave, such
as maternity leave, are only partially compensated, and so will be manifest as changes in
working time in our data (see Ray (2008)).%

More importantly, the VWH does not capture variation in daily hours. We defer a more
extended discussion of this matter until we have presented our main results. At that point,
we assess in detail the extent to which our inference may be sensitive to this omission, and

conclude that the “bottom line” of our results survives intact.??

2.2 Institutional context

Our proposed use of Veneto data requires a brief digression on the institutions of Italian
labor markets more generally. Though these institutions do influence earnings and working
time, our reading of the evidence is that decision-making is, at the margin, reasonably
decentralized, particularly so in the relatively high-income region of Veneto. This supports
our modeling approach.

There are three layers of wage bargaining in Italy. At the top, national unions negotiate
minimum wages for broad industries, but in the relatively high-wage region of Veneto, these
typically do not bind (Card et al, 2014). One layer down, union representatives at the firm
negotiate “add-ons” to national contracts, which specify firm-performance-related premia.
In 1995, 37.5 percent of workers in North Eastern Italy were covered under a firm-level

agreement (ISTAT, 2000). Among firms with at least 20 workers, this share is nearly one-

26Table 2 pertains to the sample of workers used in our baseline analysis. See Section 3.1 for details.

2TWe could replicate this degree of inaction (Ah = 0) by introducing costs of adjusting working time, but
this renders the problem less tractable while potentially having little bearing on other structural parameters.
Alternatively, one may interpret this inaction as indicative of overhead labor, as we discuss in Section 6.

28Later, we will re-run the empirical analysis for the sub-sample of men.

2 The data also distinguish between part- and full-time workers and fixed-term and permanent contracts.
We do not break down the workforce along these lines because the average shares of part-time and fixed-
term workers were very modest in our sample period. Restrictions on fixed-term contracts, which could be
terminated after two years without penalty, were relaxed by Parliament in 2001 (Tealdi, 2011).

18



half, and the average premia (over industry minima) is about 25 percent (Card et al, 2014).%°

Finally, management can award bonuses to individual workers independent of any union
agreement (Dell’Aringa, 1994; Erickson and Ichino, 1995). Among smaller firms (with less
than 20 workers), where firm-level contracts are rare, these individual premia are significant—
as high as 25 percent (Cattero, 1989)—and highly heterogeneous, as illustrated by Brusco
(1982) in his study of small industrial firms in the North Central region of Emilia-Romagna.

National unions also negotiate weekly and annual hours limits. During the 1980s, work-
ing time restrictions—specifically, limits on overtime—were either explicitly eased in union
agreements or loosely enforced (Treu et al, 1993; Lodovici, 2000).3! According to the Bank
of Italy’s Survey of Household Income and Wealth (SHIW), nearly 30 percent of workers
recorded positive overtime in 1989, and, among these workers, average annual overtime
hours were 220—equivalent to about 27 8-hour days. Overtime hours did recede somewhat
during the 1990s, with annual overtime hours (among those working overtime) declining to
180 by 2000.32 The latter decline likely reflects a mix of union-negotiated limits as well
as a reduction in the demand for overtime prompted by the removal of various barriers to

part-time and temp work.3?

3 Estimation Strategy

We will estimate the model of Section 1 by the method of simulated moments (MSM): we
specify a list of moments, and select values for the parameters in order to minimize the
(weighted) distance between the empirical and model-generated moments. One advantage
of MSM in our application is its relatively minimal data requirements. To illustrate, recall
that the comovement of Z and average working time at the firm is highly informative of
. Unfortunately, our dataset does not report firm TFP or revenue per worker, the most
obvious proxies for Z. But our data does include other variables, such as employment, whose
volatility is informative about the variance of Z. If we can infer the latter, the variance of
firm-wide working time then provides substantial identifying information about ¢. MSM

enables us to harness this information.

30Consistent with these observations, Card et al find that, in medium-sized and large Veneto firms, wages
are responsive to fluctuations in firm value-added.

31OQvertime equals the number of weekly hours in excess of “normal” weekly hours. Since at least the early
1970s, union agreements have typically set normal weekly hours to be 40 (Treu et al 1993).

32The unemployment rate in Italy was around 9.5 percent in both 1989 and 2000, suggesting that the fall
in overtime was not due to a decline in labor demand. See Online Data Appendix for more on the SHIW.

33Part-time labor, though still rare, was used more often after payroll taxes on part-time wages were cut
in 1994 (Watanabe, 2014). A 1997 law legalized temporary work agencies (Destefanis and Fonseca, 2007).
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3.1 Empirical moments

There are two considerations that guide the choice of moments used in estimation. First,
we want to distinguish firm-wide (i.e., Z) from the idiosyncratic (i.e., £ or #) components
of working time and earnings. Using our matched employer-employee data, we can do this
using simple least squares regressions. Second, our moments relate to changes in working
time and earnings, rather than to their levels. To see why, suppose there are fixed differences
in productivity across workers. This dispersion can support a non-degenerate distribution
in time worked even under perfect complements, since time worked would be set to equate
efficiency units across employees. Yet changes in working time would be synchronized, more

clearly conveying the extent of complementarities.

3.1.1 Earnings and working time

We begin by developing the moments summarizing earnings and working time changes.
Regression framework. Our empirical analysis centers around a simple regression

model designed to distinguish variation across workers within a firm from firm-wide move-

ments in working time. Letting Alnh;; denote the log change in days worked for employee

¢ in firm j in year ¢, we estimate
Alnhj = X;thh + gb?t + e;‘jt, (16)

where X, collects the (time-varying) worker characteristics in our data, C" is a conformable
vector of coefficients, and gb?t is a firm-year effect. Equation (16) is applied to a sub-sample
of workers who stay at a firm for consecutive years t — 1 and ¢ (see below for more on sample
selection). The elements of x;;, consist of a cubic in the worker’s tenure (measured as of £ —1)
and the change in broad occupation (between ¢ — 1 and ¢).3* These controls help purge the

data of observable persistent heterogeneity in work schedules. The variation then captured

in ;Lt and e?jt is what is used to estimate the structural model.
The firm-year effect, ¢?t, in (16) measures the log change in firm j’s working time relative
to the average log change among firms in year ¢t. We interpret gb?t as reflective of shocks to

labor demand at the firm level, i.e., changes in Z. Accordingly, the variance of qb?t is our

measure of fluctuations in firm-wide working time, and should be highly informative as to

34Tnitial tenure helps control for the possibility that more tenured workers have less variable work schedules.
As for occupation, we measure four broad categories. Blue-collar workers make up 65 percent of the sample;
“clerks”, or white-collar non-managerial workers, make up 31 percent; managers comprise about 1 percent;
and apprentices, or interns, make up 3 percent.
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the value of .

It follows that the residual in (16) isolates variation across workers within a firm. We pool
the estimated €"s and calculate var (e?jt), which we interpret as the variance of idiosyncratic
(worker-specific) working time changes.

We can repeat this exercise by replacing Alnh in (16) with the log change in earnings,
Aln Wijt = X;thW + Qﬁﬁ/ + GZV;/t (17)

w

h . . . .
The moment, var (eijt) /var (eijt), compares the variances of earnings and working time

changes within the firm. From our model’s perspective, a high degree of complementarities

w

means that idiosyncratic variation in preferences (or productivity) reflected in var (eijt) is not

h
ijt

passed through to var (e ) . Accordingly, the ratio of these two communicates the extent to
which working time adjustments are compressed by complementarities, and, thus, provides
critical identifying information for p.?

Sample selection. To estimate (16)-(17), we use a sample of workers attached to
their firms for consecutive years. By confining the sample to stayers, we isolate intensive-
margin adjustments, i.e., changes in working time within an employment relationship.

To construct our baseline sample, we first identify workers in the year-¢ cross section who
were paid for at least one day in all months of the first (calendar) quarter of year t — 1 and
in all months of the last quarter of year ¢.3° We then remove workers employed at firms with
only one employee; it would be awkward to discuss complementarities with these firms in
the sample. Though such firms make up a substantial share of the population of firms, the
number of workers involved is small; we still have well over 11 million observations.

We refer to the workers in our baseline sample as 2-year stayers. They appear to have
relatively strong attachments to their firms insofar their annual absences from their employers
are not re-current. For instance, among workers who are not paid for a full month or more
in year t — 1, most are paid for at least one day in every month of the next year.

One could alternatively consider a tighter definition of stayers, which requires more con-
sistent participation at the firm. To this end, we also present results below for an alternative
sample, which we refer to as the 12/12 stayers. These workers are paid for at least one day

in every month over years ¢t — 1 and t.

351t is tempting to try inferring p from how an individual’s working time responds to firm-wide working
time. However, the Online Theory Appendix shows that this moment is surprisingly uninformative about p.

360ne could instead select stayers based on the number of months of employment in adjacent years,
regardless of where in a year those months lie. Among workers who draw pay for (any) nine months in years
t — 1 and t, the values of the moments are similar to those reported in Table 3.
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The restriction to stayers reduces the sample notably. This seems consistent with data
on worker flows in Italy. Contini et al (2009) estimates that in relatively large Italian firms
(with at least 20 workers), 36 percent of a firm’s workforce exits over two years.3” Since
turnover is lower at larger firms (Idson, 1993), we are not surprised that, if we restrict to
2-year stayers, we drop about half of the sample.

Our selection of stayers can raise concerns insofar as stayers are systematically different
than the average worker in ways that we have not modeled. We return to discuss this point
at some length in our sensitivity analysis in Section 6.

Estimates. Table 3 summarizes several key moments of the data. The first three
rows pertain to within-firm (idiosyncratic) variation. Specifically, the first row reports

var (%) ; the second shows var (ef},) ; and the third gives the ratio of the two. In the sample
of 2-year stayers, this ratio is 2.247—idiosyncratic earnings growth is more than twice as
volatile as idiosyncratic working time changes. The next three rows report the counterparts
to these moments at the firm level, namely var (gbﬂ/), var (gb;lt), and the ratio of the two. We
note the value of var (gb?) in particular (for 2-year stayers). This variation represents 1.5-2
days per month for the typical worker.?8

Comparing estimates in Table 3 across 2-year and 12/12 stayers reveals clear, but in-

tuitive, differences. For instance, idiosyncratic working-time fluctuations, as captured by

var (e?jt) , are larger among the 2-year stayers, which is not surprising: they include em-
ployees who can experience longer non-working spells in years ¢ — 1 or t. Some of this
variation in working time fluctuations is also likely reflected in the greater variance of earn-

ings changes. The firm-wide moments are more similar. Finally, we stress that, using either

sample, var (efjvt) substantially exceeds var (e?jt) .

Table 4 reports on sensitivity analysis with respect to the moment, var (efjvt) /var (e?jt) ,
which is especially critical to our strategy. This ratio is typically at least 2, and is higher
at larger firms that have a freer hand in adjusting wages since union-bargainined minima
typically do not bind (Guiso, Pistaferri, and Schivardi 2005). The ratio (for 2-year stayers
in particular) rises only slightly if we restrict the sample to men. Also, with the exception
of transportation and communication, the ratio also does not vary by much across sector,
despite differences in the make-up of industries (i.e., the prevalence of public enterprises in

the health and education sectors).*

37Contini et al estimate that in the 1990s, the separation rate per year was about 20 percent. Therefore,
among workers at the start of year t — 1, 1 — (1 — 0.2)2 = 36 percent exit by the end of year t.

jt
typical worker puts in about 23 days per month (Table 1), a 7.8 log point increase represents 1.8 days.
#9To estimate var (e}),) /var (ef,) for men, we use all firms (and workers) in (16)-(17) but pool €}y, and

‘ 1/2
38The table indicates that a one standard deviation increase in log days is var (gf)h ) = 0.078. Since the
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3.1.2 Additional moments

The list of all seven moments that we use in estimation is given in Table 5. The first four refer
to results just described. We now summarize the final three, and discuss their information
content for the structural parameters.

First, we project Alnh;;; on the log change in daily earnings, with the latter given by
Alnw;;; = Aln W, —Aln h;j. The estimated coefficient on A In w;;q is —0.169.%° Our finding
of a negative association between the two echoes earlier studies including Abowd and Card
(1989), who recovered a coefficient of —0.3. Though these earlier results have sometimes
been attributed to division bias (Borjas, 1980; Hercowitz, 2009), we are less concerned about
measurement error in our administrative data.*!

Interestingly, in the perfect-foresight life cycle framework of MaCurdy (1981), the loading
on daily earnings in this regression is in fact the Frisch elasticity of working time. MaCurdy’s
estimates are small and often insignificantly different from zero. Our regression results using
Veneto data thus reaffirm that this approach fails to find any clear evidence of a significantly
positive Frisch elasticity.*?

The final two moments refer to employment. The first is the standard deviation of em-
ployment growth across firms. This is calculated from the employment-weighted distribution
of employment growth, so that it is representative of the employment volatility faced by a

typical worker. The final moment is mean firm size, exclusive of single employer firms.

3.2 Identification

Seven parameters are estimated. They are p, which governs the elasticity of substitution
across jobs, 1/ (1 — p); ¢, which is a critical input into Frisch elasticities of working time;
worker bargaining power, 7); the worker’s outside option, y; and the variances of idiosyncratic
preferences and productivities, ag and o2 respectively, as well as the variance, 0%, of innova-
tions to firm-wide productivity, Z. The moments we aim to reproduce are derived from the
sample of 2-year stayers (Table 5).

We now offer some intuition for how the moments identify the parameters. The extent

e?jt across only male workers.

40This result reflects variation within the firm: we uncover virtually the same estimate using only the
idiosyncratic portion of working time (e?jt) and daily earnings (the latter is, analogously, the residual in a
regression of daily earnings on firm-year effects).

410ne distinction between these earlier studies and ours is that we observe daily earnings rather than the
hourly wage. We return to this point in Section 6.

42MaCurdy’s sample does not necessarily consist of stayers, but his selection of workers—prime-age white
males in stable marriages—are more likely to be in long-lived employer-employee relationships.
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of complementarities influences the dispersion of working time changes within the firm rel-
ative to the dispersion in earnings changes (inside the firm). Hence, p maps most clearly
to var (e%) / var (elhjt) . Second, worker bargaining power, 7, helps mediate the reaction of
earnings to changes in working time. It thus influences the relative variances of these objects.
Since p bears most directly on var (efjvt) / var (e?jt), bargaining power 7 is especially informed
by the ratio of firm-wide variances, var (gbﬁ/) /var (¢;‘t) .

Next, the variances of idiosyncratic preference (§) and productivity (¢) are informed in
particular by two moments. The size of preference (supply) shocks relative to productiv-
ity (demand) shocks influences the comovement of working time and the wage, as reflected
by the regression of the former on the latter. Negative comovement suggests, for instance,
the prominence of “supply-side” idiosyncratic variation (i.e., &), which drives working time
and wages in opposite directions. In addition, the size of idiosyncratic (worker-specific) move-
ments in working time, as reflected in var (€]}, ) , offers further information about the variances
of these idiosyncratic shocks.

The final three parameters are @, o7, and u. As foreshadowed in Section 1.2, ¢ influences
the amplitude of working time fluctuations at the firm level, conditional on the size of firm-
wide shocks, Z. This helps target var (gb?t) . The variance of these latter shocks are, in turn,
greatly informed by the dispersion in employment growth across firms, Aln /N. Lastly, the
outside option, u, is a critical determinant of the incentive to form new matches: if u is
large, the rents from the match are small, and so fewer hires are made. This indicates that

the average size of firms, E[N], will help pin down pu.

4 Model Estimation

4.1 Preliminaries

To begin, we pre-set values of several parameters. We start with the firm productivity
process. Since we lack revenue data, we are inclined to “tie our hands” parameterize this
based on results in the firm dynamics literature. However, the parameterization has impor-
tant implications for moments in our data that we do wish to replicate. Our strategy, then,
is to preset some parameters and estimate others. Specifically, we assume firm productivity,

Z, follows a geometric AR(1),

InZ=_(InZ_,+e”, with ¢~ N(0,0%),
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and fix ¢ = 0.8 based on plant-level estimates of total factor productivity (TFP) (see, e.g.,
Foster et al 2008). But, we treat the standard deviation, o, as a parameter to be estimated,
as discussed below.

Next, we set values for four other parameters for which there is credible external infor-
mation. Our choice of the severance cost, ¢, amounts to seven months of earnings. This
is a synthesis of multiple separation costs in Italy (see the Online Data Appendix for cal-
culations). We set the hiring cost, ¢, at 5 percent of annual earnings, based on the range

43 Third, we fix o = 0.667, which, as we discuss below,

of measurements in the literature.
is consistent with labor’s share in Italy as well as structural estimates off plant-level data
(Cooper, Haltiwanger, and Willis, 2015). Lastly, we set the discount factor 5 = 0.941, which
is consistent with the average annual real rate of interest in Italy over our sample.

Regarding idiosyncratic preferences, £, and productivities, 6, it seems heroic to try to
identify the shape of their distributions given the limitations of our data. We instead assume
at the outset that each is an independent uniform random variable with a mean of one. The
upper and lower bounds of ¢ and 6 are then implied immediately by the variances, 02 and
o3, respectively.

To estimate the model, then, we conjecture values of UZ and o2 (and other parameters)
and discretize the distributions of £ and 6 in order to numerically solve the firm’s problem.
In light of computational constraints, we set K = 3 preferences (£) and L = 3 productivities
(0). This yields M = 9 types of ¢ = (&,6), with each cohort equally represented in the
population (i.e., A¢y = 1/9 for each (¢, 6)). Once we have solved the firm’s problem, we can
simulate earnings, employment, and working time outcomes within each of 10,000 firms and
compute the relevant moments. After comparing the model-generated moments to the data,

we update our guesses for all parameters, and repeat.

4.2 Main results

Table 5 summarizes our results. The top panel lists the empirical and model-generated
moments. The model replicates the moments nearly exactly. This goodness of fit should
arguably be demanded from a just-identified model, but it is, still, the first test to be passed,
and the model does so. The bottom panel lists MSM estimates of the structural parameters.

Frisch elasticity. Our estimate of ¢ implies a Frisch elasticity of firm-wide working
time, 1/ (¢ + 1 —«), of 0.455. This result suggests a greater willingness to vary working
time than implied by Macurdy (1981) and the earlier life-cycle literature, more generally.

430ur choice is the average of estimates derived from U.S. surveys of employers (see Barron et al (1997)
and Hall and Milgrom (2008)) and a survey of French firms described in Abowd and Kramarz (2003).
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Recall that in a canonical life-cycle framework, optimal labor supply satisfies £h? = fw,
where £ is the marginal value of wealth. Thus, this earlier literature sought to recover 1/p.
Estimates centered around 0.15-0.2 and were often statistically indistinguishable from zero.*
An estimate of 0.15 would imply, in our context, a Frisch elasticity of (firm-wide) working
time of just 0.14.

However, our estimate looks a little low relative Pistaferri’s (2003) finding of 1/¢ = 0.7
(which implies 1/ (¢ +1—«a) = 0.568). Pistaferri identifies 1/¢ (in a life-cycle setting)
by estimating the response of total hours (in year ¢) to the survey respondent’s expected
earnings growth (between years ¢ — 1 and t). Expected earnings growth reflects, in turn,
expectations about ¢; = (&, 6;) and Z;. Our model indicates that if the idiosyncratic element
G; is transitory, and firm productivity Z; is persistent, the expected path of earnings will be
shaped by the latter. In that case, Pistaferri’s estimate may reflect, like ours, the response
of working time to firm-wide variation.

Elasticity of substitution. Our estimate of p = —1.907 implies an elasticity of
substitution across jobs within the firm of (1 — p)~" 22 0.344. To convey the meaning of this
result in more concrete terms, we can compute the reaction of working time to a (one log
point) change in an individual’s preference £, holding fixed employment of each type. If
workers were perfect substitutes such that p = « (see Section 1), working time would adjust
by 1/ (¢ +1 — ) = 0.455 log points. Our estimate of p instead implies a response equal to
(o +1—p) " 220.209. Thus, a worker’s reaction to idiosyncratic events is less than half as
large as implied by the perfect-substitutes case.

Worker bargaining power. Our estimate of n = 0.452 is not too different than
Roys’ (2016) estimate of 0.52, though we bring very different identifying information to bear
on 1. Roys’ French firm-level panel lacks data on working time but includes revenue, enabling
him to identify 7 using the comovement of wages and sales per worker. On the other hand,
our estimate of 77 implies that earnings are more responsive to average product than found
in Guiso, Pistaferri, and Schivardi (2005). Interestingly, as we discuss below, our estimate
of n declines if we re-parameterize the process of Z to induce a persistence in revenue that
is comparable to that measured by Guiso et al.*®

Flow outside option. The outside option is estimated to be p = 0.196. This result

can be hard to interpret in the absence of an explicit theory of nonemployment (which was

#4Gee Table 1 in MaCurdy (1981) and Tables 1-2 and 4 of Altonji (1986). I draw from specifications that
control for year effects.

4> Note that, to the extent firms (in the data) smooth out earnings relative to the underlying shocks, we
will mistakenly attribute such compression in earnings growth (relative to changes in working time) to a lack
of complementarities. Thus, we will over-estimate the elasticity of substitution.
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not required for estimation). To assess our finding, suppose the value of transitioning to

nonemployment satisfies the Bellman equation,
U=v+rc+ B NE[SY (0. 2))] + 8U, (18)
g/

where r = r + 3 f, v is nonemployment income, and f is the probability of matching with a
new employer.*® Assuming that v is fixed, and recalling that type is i.i.d., it follows that the
expected worker’s surplus is constant in an aggregate stationary state. Noting that workers

receive a share 71 of the match surplus then yields
p=rU = v+ re+ ﬁf% S AE [T (0,2)]. (19)
g/

The expected firm’s surplus on the right side can be computed from the estimated model.
Setting f = 0.40 (Elsby et al, 2013) and using our estimates of ;1 and 7, we can then solve for
v. Dividing this by average earnings (in the model) yields a replacement rate of 49 percent.
Reassuringly, though this result was not targeted in estimation, it is not too different from
the replacement rate of 58 percent under Italy’s unemployment insurance program.*’
Shocks. Our estimate of oz implies a standard deviation of the log change in firm
productivity (i.e., var (Aln 7)) of 0.198. This is remarkably similar to estimates implied
by plant-level TFP in European economies (see “France” and “Spain” in Table 2 of Asker,
Collard-Wexler, and De Loecker, 2014). As for idiosyncratic heterogeneity, we find that it
is slightly more substantial than firm-level dispersion: the unconditional standard deviation

of firm productivity (i.e., var (In Z )) is 0.315, and the standard deviation of the sum of
idiosyncratic disturbances is v/0.2922 + 0.2192 = 0.365.

5 Implications for empirical research

The presence of production complementarities implies that the labor supply response to
idiosyncratic variation can yield a downwardly biased estimate of a worker’s willingness to
substitute effort intertemporally. We illustrate this point quantitatively in this section.

Specifically, we carry out a randomized control trial within the estimated model. A

46This can be derived by writing U as the sum of the lump-sum severance, ¢, and a remainder, u , that
can be expressed recursively, U = v + Bf >, A\B[Wo (n',Z")] + B (1 — f)U'. Note that the expectation of
the future value of working is taken against the distribution of hiring firms.

47This is the rate in the first year of an unemployment spell. Benefits are offered beyond the first year to
older workers at a reduced rate. See Online Data Appendix for more.
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fraction of a firm’s workforce is “treated” with a higher distaste, &, for work. We then
compute the change in working time of the treated group, and compare this to the outcome
if the full workforce were treated.

As noted in Section 1, increasing £ is, in general, equivalent to reducing the marginal
value of wealth, ¢. We can use this isomorphism as a tool for calibration. Specifically, we can
use canonical consumer theory to recover the change in /—and thus, the change in {&—from
the behavioral response to the “treatment”, which is, in this case, a lump-sum transfer.*®

To proceed, suppose a transfer is distributed to a (small) number of workers at a firm.
The size of the transfer is based on a typical grant in the U.S. Negative Income Tax (NIT)
experiments, a set of (quasi-) randomized trials carried out in the late 1960s and early
1970s to study the labor supply response to transfer programs (see Burtless 1987 for an
overview). We calibrate to the much-studied NITs so that we can illustrate the implications
of complementarities within a familiar context; we do not attempt to capture all of the
various details of the NITs in our model.*’

The implied transfer amounts to 37 percent of a participant’s initial (pre-NIT) income.*
To recover the change in ¢, we assume a marginal propensity to consume out of transitory
income of 1/3 (Johnson et al, 2006). Then, recalling (Section 1) that utility is separable
in consumption C and effort, we can map from the change in consumption to the change
in ¢ by log-differentiating the first-order condition for C' to obtain AlnC' = — (1/¢) Aln/,
where 1/¢ is the own-price elasticity. Setting 1/¢ = 1/2 (Hall, 2009) implies Aln ¢ = —0.25,
which, is equivalent in our setting to increasing £ by 25 percent.

This treatment is applied to one of the 9 (&, ) cohorts in the firm. The model implies
that these employees reduce their time worked by 5.3 percent. If we viewed this reaction
through the lens of a model where workers are perfect substitutes (e.g., p = «), we would
mistakenly infer that (o + 1 —a)~" = 0.053/0.25 = 0.212. This is less than half the size of
the Frisch elasticity of firm-wide working time that we estimated in the prior section.

This effect can be contrasted to the change in working time when all workers in the firm

receive the treatment. To illustrate, first suppose that the designer of the randomized trial

481t can be helpful to imagine that the transfer is distributed to workers who live in a small region (e.g., a
neighborhood) but work within a larger (local) labor market. Earnings risk due to changes in workers’ types
and in their firms’ productivities can be diversified within the neighborhood, which acts like a “large” family
that insures members’ consumption (see Section 1). Yet, since the transfer operates neighborhood-wide, it
will alter £.

4 Enrollment in NIT trials was restricted to families with relatively low (pre-trial) income. A participating
household then received a maximum allotment, or guarantee, which was reduced by 50¢ per $1 of earnings.
In the model, the transfer is neither conditioned on initial earnings nor subject to a reduction rate.

%0This is the ratio of the (participation-weighted) average guarantee across NIT trials (see Burtless 1987)
to the midpoint of the eligible income range (see footnote 49).
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can hold employment fixed. In that case, using (10), we can compute the treatment effect

1
e+1—a

as large. More realistically, though, if firms can adjust on both margins of labor demand,

as x Aln¢ =11.4 percent. Thus, the reduction of working time is more than twice

this will take some of the burden off adjusting working time. Allowing for employment
adjustments, mean working time declines by 7.8 percent. Though smaller, this is 50 percent
higher than what we find if only one cohort were treated.

Bearing in mind that our exercise is only a stylized version of the NIT, we can compare
our results to the labor supply responses in the actual trials. Annual hours worked among
men fell 7 percent (Burtless 1987), but this almost surely overstates the change in intensive-
margin labor supply, that is, working time conditional on working. Rather, the decline
in hours largely reflected longer job search spells (Moffit, 1981; Robins and West, 1983).
Thus, the intensive-margin response was appreciably lower and perhaps more in line with

our model’s predictions.?!

6 Robustness

This section probes the robustness of our results in several respects. First, in Section 6.1, we
investigate the sensitivity of our results to alternative values of the pre-set parameters and
sub-samples. Section 6.2 then assesses the implications of shortcomings in our measurement

of working time. Section 6.3 focuses in on threats to the identification of complementarities.

6.1 Additional estimation results

We have re-estimated the model given a higher severance, c¢; a lower persistence of produc-
tivity, ¢; and higher returns to scale, a. In another exercise, we re-estimate the model over a
certain sub-sample. The results are reported in Tables 6 and 7. Taken together, they point
to a Frisch elasticity (of firm-wide) working time between 0.259 and 0.576, and an elasticity
of substitution between 0.232 and 0.460.%?

Higher severance and less persistent productivity push many parameters in the same
direction. Severance of one year’s earnings compresses changes in employment, and larger
firm-wide shocks are required to generate the observed variance of Aln N. Less persistent

productivity also induces smaller adjustments in labor demand: if employment changes are

51On the other hand, the benefit reduction rate in the NITs likely lowered working time relative to the
model (see footnote 49). Note that, within the model, a reduction rate would not necessarily diminish the
role of complemenarities, since it would operate regardless of the number of workers treated.

52We do not report the model-implied moments; these match the data almost exactly.
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costly to reverse, firms attenuate responses to transitory shocks. As a result, when we lower
¢ to 0.32, which induces a persistence in value-added comparable to Guiso et al (2005),
0, must rise to recreate the variance of Aln N.3 Larger firm-wide shocks, in turn, require
a smaller Frisch elasticity and lower bargaining power in order to restrain movements in
working time and earnings. The decline in 1 to 0.231 reduces the elasticity of earnings to
average product to 0.37 (from 0.596 in our baseline). Still, earnings remain more responsive
than in Guiso et al (2005), who estimate an elasticity closer to 0.1.>4

Many parameters react in the opposite manner when « is raised. To arrive at our choice
of v = 0.824, we reinterpret (2) as the reduced form of a monopolistically competitive firm’s
revenue function where a reflects both returns to scale and the product demand elasticity,
e (Cooper et al, 2015). The increase in « from 0.667 (in our baseline) to 0.824 can then be
shown to correspond to a doubling of € from 4 (Nakamura and Steinsson, 2008) to 8.5 This
makes labor demand more elastic, which translates into a wider distribution of employment
growth. Therefore, o is lowered to match the variance of Aln N. Working time changes
appear larger in light of smaller shocks, which means the Frisch elasticity must be higher:
1/ (¢+1— a) is now 0.546.

We have also re-estimated the model over the sub-sample, 1994-2001. This covers a
period since the Italian government signed the Tripartite Agreement with employer and
worker organizations. Consistent with the Agreement’s push toward decentralizing wage
setting, Table 7 shows that the variance of earnings growth both within the firm and at the
firm level is more volatile than in the full sample. Other changes, relative to the full sample,
include somewhat smaller fluctuations in working time, and “less negative” comovement of
working time and daily earnings. The larger variance of earnings growth at the firm level
drives n up to 0.569, and the smaller variance of firm-wide working time changes drives down
the Frisch elasticity to 0.315. The increase in 7 also expands the variance of earnings growth
within the firm, because it implies a higher pass through of the idiosyncratic component of

marginal product. To offset this effect on var (') /var (ef,) , 1/ (1 — p) must rise to 0.46.%°

ijt ijt

33 Guiso et al’s projection of log revenue on its lag yields a coefficient of 0.477. This is what we target.

" Guiso et al estimate the response of earnings to a permanent increase in value-added. Roys (2016)
proposes a model in which earnings react less to permanent than transitory productivity shocks.

 Suppose a fixed measure, y, of jobs in a firm is done by labor, and the remainder by capital. Let N =

1/p
(foCy (8)° di) /e represent the aggregation of jobs done by labor, and assume N and K = (fxl y (1)° di)

are joined to make output, Y = ZN*K!=%, If product demand is Y = P~¢ and if K is chosen optimally, the
elasticity of revenue with respect to N is a = ﬁé)/@, which is the parameter that appears in (2). Here,
& is comparable to labor’s share (though somewhat lower, because of bargaining). We recover v = 2/3 if we
set & = 2/3, in line with OECD data, and € = 4.

56Interestingly, we estimate a lower degree of complementarity even though var (em) /var (e?jt) is higher.
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Last, the increase in the comovement of working time and wages requires larger idiosyncratic

productivity innovations.

6.2 (Mis)measuring working time

The omission of daily hours in the VWH may have important implications for several mo-
ments used in estimation. To see why, suppose workers adjust their number of days and
daily hours in the same direction. The VWH data will understate the variance of changes in
(firm-wide) total working time, leading us to underestimate the Frisch elasticity. Crucially,
this understatement is not mirrored in earnings, which reflect changes in days and daily
hours. As a result, estimates of the relative variance of earnings growth may be overstated.

We assess the quantitative importance of measurement error in working time using several
data sources. The Italian Labor Force Survey (LFS), which asks about hours and days
worked, enables us to directly measure the effect of missing hours on the variability of
working time. We use LFS data between 1993, when the panel dimension of the micro
data becomes available, and 2001. As in our analysis of the VWH, we restrict attention to
stayers, who work for the same employer in adjacent years. Among stayers, we calculate the
year-over-year change in days worked and weekly hours in the survey reference week.

The LFS indicates days worked to be an active margin of adjustment. In Veneto, 22
percent of workers adjust days per week, whereas 36 percent adjust weekly hours.”” Thus,
the frequency of days adjustment represents up to 60 percent of the incidence of hours
adjustment. In fact, the most commonly observed change in weekly hours is 8, which reflects
the prevalence of Saturday overtime in Italy (see also Giaccone, 2009). To take this one
step further, we decompose log changes in weekly hours across log changes in days and
daily hours. Since the adjustment of days involves relatively large changes in weekly hours,
the overall contribution of changes in days to hours variation exceeds that implied by the
frequency of days changes alone. Indeed, the variance of log changes in days accounts for 78
percent of the variance of weekly hours growth.®

What does this result mean for our VWH-based moments? The answer depends on how

the “missing” variation in working time is distributed across idiosyncratic and firm-wide

Despite the relationship between the latter moment and p, one must still take into account the implications
of changes in other parameters, such as 7, for var (e}’ﬁ) /var (e?jt) .

5TThe incidence of days adjustment is lower than in our Veneto data (see Table 1) since we observe only
the reference week in the LFS, whereas the VWH captures any changes in days through the year.

%The European Working Conditions Survey (EWCS) also asks about days and daily hours, but its ques-
tions are more qualitative in nature. Our analysis of the EWCS also points to the days margin as a significant

source of variation in total hours. Please see the Online Data Appendix for more.
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sources. Suppose this variation is attributed in proportion to each source’s contribution to
the total variance in the VWH. Using the estimates from Table 5, and noting that these
components are (by construction) orthogonal, we find that the idiosyncratic piece accounts
for three-quarters of the total. Accordingly, we scale the total variance by (1/0.78) and dis-
tribute 75 percent of the increase to var (eh). Assuming earnings in the VHW are measured
accurately,’ the ratio of the idiosyncratic variances of earnings growth and working time
changes falls to 1.75 from 2.247 in the baseline case.° The analogue for the ratio of firm-wide
variances is 2.25, down from 2.885.

Another means of assessing the VWH, which does not require observing days worked, is
to examine the variance of hours changes relative to the variance of earnings changes. To
this end, we draw on two surveys administered by the Bank of Italy, each of which contains
observations on earnings and hours. The Survey of Household Income and Wealth (SHIW) is
a panel of roughly 8,000 households, and the Survey of Industrial and Service (SIS) firms is
administered annually to a panel of about 4,150 non-financial companies. The findings from
these two surveys can then be compared against the relative variability of days worked in
the VWH. In the interest of space, this analysis is restricted to the Online Data Appendix.
Our conclusion is that the basic message of the LFS holds up, namely, the absence of daily
hours data is likely to lead us to overstate the relative variance of earnings growth by 20 to
30 percent.

What do this survey estimates imply for inference of the model’s parameters? To consider
this, we mark down the ratio of idiosyncratic variances to 1.75, and the ratio of firm-wide
variances to 2.25. We assume the VWH measures earnings correctly, so changes to each of
the latter ratios imply corresponding changes to the variances of working time adjustments.
None of the other VWH moments are altered. We then search for parameter values that
best fit the revised moments.

Our results are reported in Table 7. As expected, the model infers a lower degree of
complementarities owing to the higher relative variability of working time. In particular, the
elasticity of substitution increases to 0.437 (up from 0.344 in the baseline case). An increase
in p, all else equal, implies less attenuation in the response of working time to idiosyncratic
events (i.e., £). Consequently, using the latter variation to draw inferences about workers’
willingness to substitute labor intertemporally is less misleading. However, the revised mo-
ments also include a higher variance of working time changes. The latter implies a higher

Frisch elasticity of firm-wide working time, which increases to (¢ +1—a)”' = 0.53 (up

5 Unfortunately, the LFS does not ask about earnings during our sample period.
60When we reference the VWH, we again use the full sample (1982-2001).
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from 0.455). As a result, the firm-wide elasticity remains twice as large as the individual’s
elasticity with respect to £, which is (¢ + 1 — p)_l. In this sense, the “bottom line” of our

results remains largely intact after correcting for the omission of daily hours.®!

6.3 On inferring complementarities

This subsection collects a number of concerns regarding model mis-specification. We address
them through the lens of their implications for the degree of complementarities.

i.i.d. types. We assumed types were i.i.d. for tractability. To consider the implications
of persistent types, first note that the persistence of ¢ has no direct effect on working time,
since the latter is an intra-temporal choice. As for earnings, suppose in particular that £ is
persistent. The earnings bargain has the same form as (13), but x is now indexed by & to
reflect that a worker’s outside option—the value of searching for new employment—depends
on her type (see Online Theory Appendix).? Thus, the implications of persistence hinge on
the mapping from £ to .5 If the value of searching were decreasing in ¢ (which seems rea-
sonable), earnings would respond less to changes in £ since earnings are otherwise increasing
in ¢ (if p < 0). As a result, our model would “need” a higher degree of complementarities
to match the relative dispersion of earnings growth in the data.

Selection bias. In both actual and model-generated data, we use the subsample of
stayers to compute many of our moments. If the model is correctly specified, our estimates
of the parameters are consistent (Smith, 1993). However, if stayers are different from the
average worker in ways that are not modeled, then our inference can be distorted.

To illustrate, suppose there is heterogeneity in complementarities across jobs within the
firm—a feature we do not model. In particular, imagine a worker’s separation from a firm is
indicative of an absence of complementarity between his job and others. Then, our sample
of stayers will consist of the most complementary jobs; this will confound the inference of p.
Perhaps an argument in favor of this hypothesis is that a firm competes more aggressively to
retain workers in complementary jobs. But, by this logic, a similar firm that seeks to “poach”

such a worker to fill a vacancy should also compete aggressively.®* This latter consideration

61 More exactly, the ratio of (p4+1—a)”' to (p+1—p)~" was 2.17 in the baseline estimation and 2.04
in the case considered here.

627f 9 is interpreted in this context as match-specific productivity, then it does not persist across labor
market states. Hence, £ would influence U/, but not 6.

03 Though we did not use (19) in estimation, it can offer some guidance here. It shows that p reflects,
under surplus sharing, the hiring firms’ anticipated marginal surplus. The effect on the latter of varying ¢ is
ambiguous: raising £ makes one’s own working time more scarce, which increases the marginal product, but
also depresses the working time of others in the firm, which lowers the marginal product.

64This assumes the worker will perform a similar job in the new firm, and that the new firm’s production
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suggests that separations (where a firm poaches a worker) may correspond to jobs with a high
degree of complementary. A priori, then, it is unclear that separation events systematically
reveal the complementarity of the jobs.

Overhead labor. Another factor that might confound our inference of complementar-
ities is the presence of overhead labor. Since the latter does not vary its days (by much),
it serves to compress the distribution of days worked movements, from which our model
infers that there are complementarities. The concern is that this inference masks a flexible
production structure among non-overhead labor. To assess this concern, we drop workers
who report 52 weeks of paid work in adjacent years and re-estimate (16)-(17) to recover

the idiosyncratic components, e% and e?jt. This is very generous to the notion of overhead
labor, as it drops any worker who participates full time in consecutive years. As anticipated,

the amount of compression in the distribution of days worked movements is diminished.

And yet, var (efjvt) / var (e?jt) is 1.59—well above 1, which is strongly suggestive of a role for
production complementarities (Corollary 2).
The wage in data and model. The regression of days worked on daily earnings

is critical to our strategy: the negative comovement limits the scope for worker-specific

productivity shocks alone to reproduce the moment, var (e%) / var (e?jt), and so points to
a role for complementarities. But, daily earnings conflates movements in daily hours and
hourly wages. Therefore, our estimate could reflect the negative comovement of days and
daily hours, rather than the comovement of time worked and remuneration per unit time. It
would then be inappropriate to map the latter to its counterpart in the model.

We address this concern as follows. The least-squares coefficient from a regression of the

log change in days worked on the log change in daily earnings can be decomposed as

Covar (Aln daily hours, Aln days) Covar (Aln hourly wage, Aln days)

—0.169 =

(20)

We use data on days and daily hours from the Italian Labor Force Survey to fill in an

Var (Aln daily earnings) Var (Aln daily earnings)

estimate for the numerator in the first term in (20).%° Using the variance of the log change
in daily earnings in our Veneto data, we can then calculate the first term, which summarizes
the role of daily hours in driving the comovement of daily earnings and days. We estimate

this term to lie between —0.045 and —0.10.5¢ Taking the midpoint of these and comparing

structure is broadly comparable to the worker’s present employer.
65We use observations in the LFS for Veneto residents, but results hardly change if we use the full sample.
66 The estimates differ depending on whether we use, respectively, usual daily hours or average daily hours
in the reference week. One can argue for usual hours if “usual” is interpreted as average hours that year.
This is in fact the concept that maps to the annual Veneto data.
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to the estimate of —0.169, it seems that shifts in hourly wages do drive the majority of the

comovement we are capturing in the Veneto data.

7 Conclusion

This paper has pursued the idea that an individual’s labor supply is bound up with the work-
ing time choices of her colleagues within the firm. We have developed a tractable theory of
earnings, working time, and employment demand that formalizes this idea. In particular,
the model expresses the intuition that, if there are sufficiently strong complementaries, work-
ing time adjustments across employees inside a firm are compressed, regardless of the true
Frisch elasticity of labor supply. The Frisch elasticity is better informed in this setting by
variation at the firm level; intuitively, firm-wide productivity movements serve to coordinate
employees’ working time and elicit the true elasticity.

We then showed how to estimate the model’s structural parameters using moments from
a matched employer-employee dataset from Veneto, Italy. Using the model’s estimates,
we carried out a simple counterfactual to explore the consequences of failing to control for
complementarities in conducting inference about labor supply elasticities. We find that if one
estimates the Frisch elasticity using only variation in labor supply incentives idiosyncratic
to a worker, the estimate will be biased down by more than 50 percent.

We see a number of ways to further advance this line of research. First, complementarities
are likely to mediate labor supply responses in many settings; our analysis of the NITs (and
similar interventions) is just the “tip of the iceberg”. For instance, suppose house prices
increase unevenly across neighborhoods within a local labor market (see Guerrieri et al,
2013). As a result, the change in the marginal value of wealth can differ substantially among
workers within a given firm. Yet, the mapping from the change in house price to the change
in labor supply can be tenuous, depending critically on the extent of complementarities.
Hence, our framework can be used in this setting to help disentangle the wealth effect from
complementarities. Second, the diffusion of matched employee-employer datasets will very
likely provide clues as to how our framework can, and should be, extended. For instance,
the German LIAB Longitudinal Model, which reports workers’ occupations as well as days

worked, can be used to inform a richer theory of the production structure.
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9 Appendix

9.1 Working time

Proof of Proposition 1. It is helpful to begin by writing out total time input, n.h.,
explicitly, noting that he = [ he (j)dj/n, is average working time per member of type <.
Now differentiating (7) with respect to h. (j), individual j’s working time, and equating this
to his marginal value of time, {A? (j), yields

a—p

aZ (ZZ(ynx,ym,y)p) o (nehe)’™ = €hZ(j) YV jing=(£,0). (21)

TeX yey

It is evident that all workers of a given type will supply the same amount of time. Accordingly,
we can eliminate the index j, setting h (j) = hc for all j. Combining FOCs for types (&, 6)
and (z,y) # (&, 0) then yields

o0\"” Ne.g p—1 B ¢ hg,e pt+1-p

Y Ny 2 \hay '
Using this to substitute for any h,, # he g in (21), and solving for he g = h., we recover the
solution in the main text. m

Proof of Corollary 1. Totally differentiating (10) with respect to heg, &, and 6 yields

p 1
dlnhey = ————dInf — ———dIné&. 22
nhes p+1—-p " p+1—p ne (22)

The elasticities with respect to # and £ are each increasing in p. Accordingly, each attains
its maximum at p = « and its minimum at p = —oco. ®
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9.2 Employment demand

~

In what follows, we need a weak restriction on the revenue function, G.
Assumption 1 The parameter, p, satisfies p < a.

This has two implications. First, it guarantees that G is a concave function of n, that is,
the Hessian, V2G' (n,Z;<) , is negative definite. Second, it implies that G is supermodular,

in that 8%376 > ( for any type ¢ and ana_Qné (n,Z) > 0 for any ¢ # 7. We assume that these

properties of G pass to period profit, 7. They can be verified once a solution for the wage
bargain is obtained.

Conjecture 1 The profit function, 7 (n,7;s), is concave in n and supermodular in (n,7).

The next lemma provides a key intermediate result in the characterization of the optimal
policy. Since its proof relies on standard techniques, it is omitted here.

Lemma 1 The value function, 11, is concave and supermodular, under Conjecture 1.

Proof. See Online Theory Appendix. m

We are now prepared to prove Proposition 3. Since this is used to analyze the wage
bargain, we present it before the proof of Proposition 2.

Proof of Proposition 3. The optimal employment level of the first-to-be separated type
¢ is dictated by the first-order condition,
om (ne, \jN_1,Z)

on.

+ BE[Ly (N, Z')|Z] + ¢ =0, (23)

where A is a (M —1) x 1 vector of employment shares excluding the type-¢ share and
N = n¢+ X2\ N_y. By supermodularity, the left side of (23) is increasing in Z for any n..
It follows that there is a threshold Z (N_;) such that the firm separates from type ¢ when
Z falls below Z. (N_;). At this point, the firm adjusts n. according to (23). This yields a
labor demand policy rule n. = n. (N_1, Z) , where 8%1% > 0.

At lower values of Z, the firm will separate from a(nother) type, denoted by ¢ # ¢, if the
marginal value of that cohort falls below —c given n: = A\: N_q,

o (nc (N-1,72), A/eN_1, Z)
8715

+ BB [y (N. 2)|2] < —c. (24)
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where N = n. (N_1,Z) + £,.A-N_;. Note that since the FOC (23) remains in effect as Z
falls below Z. (N_y), (24) is evaluated at the optimal size of cohort ¢, n. (N_y, Z) . Therefore,
at lower Z, the left side declines, for two reasons: the direct effect of lower productivity, and
the indirect effect of a reduction in a complementary factor, n.. It follows that, at some lower
Z, (24) will take hold, and the firm will separate from type <.

When separations of ¢-workers begins, the firm continues to separate from type-¢ workers.
This follows immediately from the supermodularity of the problem: if n: is reduced, the
marginal value of type-¢ labor declines, and n. must be reduced to enforce the FOC (23).

Summarizing, there exists functions Z: (N_;) < Z. (N_;) such that the firm separates
from both type < and ¢ workers if Z < Z: (N_1) . Since type ¢ is the first type to separate,
it is the rank-1 type and denoted by ¢;. Similarly, we refer to ¢ as the rank-2 type and set
¢ = ¢o. It is straightforward to repeat this analysis for the other types, thereby establishing
the ordering of types from rank 1 to rank M. m

Remark 1: In line with our notation from Proposition 3, we will, in what follows, refer
to an arbitrary type as type-¢ if its rank within the firm is unimportant in the context of
the discussion. Otherwise, we will refer to a type as type-j, where j denotes its rank, e.g.,
rank-1 types are the first to be separated, rank-2 types are the second to be separated, and
SO on.

Remark 2: As noted in the main text, it is in principle possible for a firm to hire and
subsequently separate. Under certain reasonable conditions, it will not do this, though. In
the interest of space, however, the proof of this next claim is omitted here.

Lemma 2 If ¢ + c is sufficiently large, then the firm will never hire if it also separates.

Proof. See Online Theory Appendix. m

9.3 Earnings

Proof of Proposition 2. As stated in the main text, and restated here for convenience,
the marginal contribution of any type-¢ worker to the firm, gross of the separation cost ¢, is

J. (n,7) =

ai #(n,Z;<) +6/HN (N, Z")dF (Z'|Z), (25)

where the marginal effect of type-¢ labor on period profit is

W, (n,2)

dG (n,Z; oW, (n,Z
s (nziq) = 20 (Zi8) [W< w+ W22, | < W (07)
S

Ne on.

n.| . 26
T#S an§ ( )
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The expected marginal value of labor in (25) can be decomposed using Leibniz’s rule,5

fHN N 7" dF

E p— (27)
= S [P0 T (N, 20 dF + [0 TR (N, 2)) dF + [32 I (N, Z/) dF,

where the term I/, with j = 1, ..., M, denotes the value of the firm in states of the world
in which it separates from all types indexed by i < j.% The value of the firm in states of
the world in which it freezes is given by II°. If the firm hires, it is valued at II7.

We next describe the marginal value of labor in states of nature in which the firm adjusts.
If the firm hires, the Envelope theorem implies,5

5 (N, Z') = (28)

To treat the case of separations, return to (8) and consider the state in which the firm sep-
arates only from type-1 labor, that is, workers of type ¢;. The composition of the workforce
is given by

n'" (N, 7') = [nl (N, Z" ,)\/1]\7} ,

where n; (N, Z') denotes the optimal choice of type-1 labor conditional on adjusting and
A1 = (A2, ..., Aur) is the vector of employment shares exclusive of type-1 labor. The value
of the firm is then

'~ (N, Z') = # (n'~ (N, 2'),2; )—g[)\lN—nl(N,Z’)]+B/H(N’,Z”)dF,

where N =ny (N, Z') +>._, \iN. By the Envelope theorem,
Iy (N, Z')==Ac+ Y, T (0!~ (N, Z2'),Z'), (29)

where

or (n'~ (N, Z"),Z";s)
877,1'

Ji(n'~ (N, 2"),2) = + / Iy (N, Z") dF (2" Z')

A ~

Generalizing from (29), we have that for any state Z € [Zjﬂ (N), Z; (N)] with j > 1,

Iy (N, Z') = =N+ Y N (0 (N, 2, Z), (30)

67We will often abbreviate dF (Z'|Z) by dF.

68We define Zys41 (N) = min{Z}, the minimum of the support of Z. The firm then separates from all
types if Z < Zy (N).

69 This presumes the firm does not also fire (after types ¢ are drawn). We make this assumption throughout.
As noted in Section 1, firms will not hire and, simultaneously, fire in the face of realistic adjustment frictions.
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where A; =37 M\, 0/~ (N, Z') = [{ni (N, Z"),..,n; (N, Z")},A/;N], and

o (ni= (N, Z") ,Z
ani

Ji (0~ (N, 2,7 = + 8 / My (N', Z") dF. (31)

The marginal value of labor in the “freezing” regime, I1%, (N, Z’), can be obtained as
follows. Forwarding (8)-(9) one period, setting s. = 0 V ¢ and N' = N_4, noting that
n’ = n = AN in this case, and differentiating with respect to N yields

, or (n,Z'; ¢
m v, z) = ¥ A 2mZie)

+6/HN (N, Z"ydF (Z"\Z"), (32)
SEX XY anc

Now recalling (25), evaluating the latter at n = AN, and taking a weighted average of J.
across types reveals that

NG (N, Z) = 5 A (AN.Z) = f: T, (AN.Z). (33)

ceXxY

Substituting (28), (30), and (33) into (27) and inserting the resulting expression into (25)
gives

i(nZ)Ziﬁ(nZC)
—Bes M AF(Z( )|Z)+BZJ VSN SP T (N2 20 AF (3
+6 [0 )\Z]1$(ANZ’)dF+Bc<1—F<ZO(N)>\Z),

where we have used

S0 [F(2,0012) - F (2 ) 12)] =

M=

I
-

\F (Zj (N) |Z) .

J

We next characterize the employee’s surplus. Using the surplus-sharing condition, Sg% =
(n/ (1 —=n)) [Teo + ], we can recast (5) in terms of the firm’s surplus,

Weo (n,Z) —Evep (n) —

7
BB YN Nmax {0, 7, (0 (N, Z/), Z) + c} (35)

Sty (n,2) =

where veg (n) = % If the firm fires type-i labor (e.g., 2’ < Zi (N)), the type’s
marginal value , J;, must be driven to —c, hence, the surplus is zero. Note, though, that
the firm may fire type j but not type ¢ = j+ 1 if Z;(N) < Z' < Z;(N). In the latter

case, J; is given by (25), with n’ = n?~ (N, Z'). If the firm hires (e.g., Z’' > Z, (N)), the
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average marginal value of labor across types is equated to the marginal cost, Y., A\ J; = &.™

Otherwise, if the firm freezes all types’ employment at n’ = AN, then J; is given by (25).
Collecting these observations, we have

E, ZM Aimax {0, 7; (n', Z") + ¢}
= Jpy e+l dF + fZO(N) SN AN, 2 + | dF (36)
i L L N [ (00 (N, 2), ') + ] dF.

Substituting this into (35) and rearranging yields

Sgo(n,Z) = Wep (0,Z) — Evep (n) —
DUPY [1—F(Z< >|z)}+zj”12ﬂmf§fjf Ji (W= (N, '), 2

Jj+

e O S5 T3 (AN Z')dF+c[ F(ZO(N)|Z>]

(37)

Now inserting (34) and (37) into (12) and using (26), we have that, for a worker of type
<= (£,0),

W (.2) = 1 {% - TR, } SRR R

T

The solution to this system of partial differential equations is (Cahuc et al, 2008)

(’9G( iS)

W§ (n7Z) = an
S

+re| + (=) (w€vs () +rU), (39)

S Y . . . .
where Kk = ) (‘f Ti—a)—a . Using (11) and the solution for working time, one can calculate

period profit and confirm Conjecture 1. m

Proof of Corollary 2. Totally differentiating the earnings bargain (14) with respect to
We g and & yields
dIn W,
Sddd ) “:-(1— “’) A (40)
dIng Weo) o+1—p
1

Recalling (see (22)) the response of working time to changein &, dInhep/dIné = —(p+1—p)
one can see that

dIn W, dInh w \7
£79 579 ¢> |_p| > 1 o .
dIné dIn¢ Wes
0T =—cis the first order condition corresponding to the firing firm’s problem (8). In the case the firm
hires, Y ,_; A\iJ; = ¢ is the first order condition corresponding to the problem (9).
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Since w/Wep < 1 and p < a < 1, it follows immediately that p must satisfy

1
w
< (1- =) <-1
g < Ww)

if earnings are to be more elastic (in absolute terms) than working time. =

Proof of Corollary 3. Using (22) and (40), the change in the wage rate, dlnwey =
dIn Wy — dInhe g, following a change in £ is given by

dlnweg 1_o (1Y dlnheg
dné P\" " W) dlng

Since p < a and w/Wey € (0, 1), the leading term in this expression must be positive. Thus,
the change in we g is of the opposite sign as the change in h¢ 9. The response of the wage rate

to a change in @ is
dlIl’wgg w dlnhfg
= = 1——) (1 —1 —
Y {( Wf,@>( %) } Y

The wage and working time move in the same direction if the leading term is positive. m
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Table 1: Summary statistics of Veneto panel

Variable Mean Std. Dev.
Average days per month per year 23.65 5.25
Job tenure (in months) 53.10 53.71
Average daily wage (2003 Euros) 121.46 426.76
Total days worked per year 243.88 97.75
Average number of months paid 9.96 3.38

NOTE: This summarizes aspects of the full Veneto panel, 1982-2001.
There are 22.245 million worker-year observations.

Table 2: Annual changes in days worked (h)

Share with Ah =0 47.38%
Share with |Ah| > 10 33.15%
Avg |Ah|if4h #0 19.06
Avg |Ah| if 4h # 0, excluding |Ah|>50 9.75

NOTE: Statistics refer to our sample of 2-year stayers, as defined in the

main text (see also Note to Table 3). There are 11.810 million worker-
year observations.



Table 3: Earnings and working time in Veneto panel

Data

Moment Interpretation
P 12/12 stayers 2-year stayers

Std dev. of idiosyncratic

Jvar(e") component of AlnW 0.162 0.210
| Sdwloeic oo o
var(e")/var(e")  Ratio of idiosyncratic variances 3.798 2.247
\/W Firm-wide component of AlInW 0.114 0.132
W Firm-wide component of Alnh 0.057 0.078
var(¢"W)/var(¢")  Ratio of firm-wide variances 3.989 2.885

cov(Alnh,Alnw)

Projection of Alnh on Alnw -0.158 -0.169
var(Alnw)

NOTE: W is annual earnings, h is working time, and w is the daily wage (W /h). The 12/12 stayers at a firm
are workers paid for at least 1 day in every month in 2 consecutive years. The 2-year stayers are paid for at
least 1 day in each of the first 3 months in year t-1 and each of the last 3 months in year t.

Table 4: Alternative estimates of var(e") /var(e®)

Sample 12/12 stayers 2-year stayers
Full sample 3.798 2.247
Excluding women 4.282 2.514
Excluding small firms (< 100 workers) 5.080 2.968
Excluding health and education 3.592 2.078

Including only the following sectors:

Wholesale and retail trade 3.921 2.005
Construction 2.286 1.714
Manufacturing 3.490 1.968
Transportation & communication 5.057 3.052

NOTE: This shows the ratio of the variance of the idiosyncratic component of earnings growth to that of log
working time changes for different sub-samples.



Table 5: Model fit

PANEL A
Moment Model Data (2-year
stayers)
var(e") /var(e") 2.244 2.247
var(¢") /var(¢") 2.885 2.885

fvar(e) 0.140 0.140
[var(p™) 0.078 0.078

cov(AlInh,Alnw)/var(Alnw) -0.170 -0.169
Jvar(AInN) 0.175 0.175

E[N] 17.131 17.130

PANEL B

Parameter Symbol Value

Elasticity of substitution across tasks 1/(1 —p) [(()).gol(l)i]
Frisch elasticity of working time 1/W+1—-a) [3'3)502]
Worker bargaining power n [8’;)50%3]
Flow return on non-employment U [8.'010%?3]
Std. dev. of idiosyncratic preference ¢ [8‘020%}1]
Std. dev. of idiosyncratic productivity Og [3.620102]
Std. dev. of shock to firm productivity Oz [8‘010%2]

NOTE: This presents estimates of our baseline model with complementarities. Standard errors are
in brackets. Standard errors of 1/(1 — p) and 1/(y + 1 — a) are calculated via the Delta method.



Table 6: Sensitivity analysis, |

1] Less IV] Higher

Parameter d Basletllne ] I;_arger t persistent returns to
results separation cos revenue scale
. 0.344 0.330 0.232 0.373
Elasticity of sub. across tasks [0.0006] [0.0006] [0.0004] [0.0005]
Frisch elasticity of working 0.455 0.369 0.259 0.576
time [0.0008] [0.0005] [0.0003] [0.0009]
.. 0.452 0.369 0.231 0.517
Worker bargaining power [0.0006] [0.0004] [0.0003] [0.0006]
Flow return on non- 0.196 0.237 0.342 0.138
employment [0.0006] [0.0005] [0.0007] [0.0003]
Std. dev. of idiosyncratic 0.291 0.341 0.456 0.262
preference [0.0004] [0.0005] [0.0008] [0.0003]
Std. dev. of idiosyncratic 0.219 0.228 0.218 0.218
productivity [0.0008] [0.0008] [0.0007] [0.0007]
Std. dev. of shock to firm 0.189 0.224 0.291 0.140
productivity [0.0002] [0.0002] [0.0003] [0.0002]

NOTE: This shows results of the sensitivity analysis of section 6. In column 2, the separation cost is
set to equal 1 year of earnings. In column 3, the persistence of firm productivity is lowered to target
the estimated persistence of value-added in Guiso et al (2005). In column 4, the returns to scale is
raised to « =0.824. Standard errors are in brackets.



Table 7: Sensitivity Analysis, Il

PANEL A
Baseline 1994-2001 subsample Adjusted working time est.
Moment
Model Model Data Model Data
var(e") /var(e") 2.244 3.267 3.269 1.754 1.750
var(¢") /var(¢™") 2.885 5.945 5.946 2.249 2.250
var(e™) 0.140 0.125 0.125 0.159 0.159
var(¢h) 0.078 0.061 0.061 0.088 0.088
cov(Alnh,Alnw)
-0.170 -0.059 -0.059 -0.169 -0.169
var(Alnw)
Yvar(AlnN) 0.175 0.184 0.184 0.177 0.175
E[N] 17.131 16.760 16.760 17.130 17.130
PANEL B
Parameter (Symbol)  Baseline 1994-2001 subsample Adjusted working time est.
1/(1 — 0.344 0.460 0.437
/A =p) [0.0006] [0.0012] [na]
1/ +1—a 0.455 0.315 0.531
/@ ) [0.0008] [0.0010] [na]
n 0.452 0.569 0.404
[0.0006] [0.0015] [na]
U 0.196 0.144 0.102
[0.0006] [0.0011] [na]
o 0.291 0.329 0.250
[0.0004] [0.0010] [na]
Op 0.219 0.297 0.312
[0.0008] [0.0021] [na]
Oy 0.189 0.211 0.185
[0.0002] [0.0004] [na]

NOTE: The adjusted working time estimates include a correction for under-counting total hours variation.
See Section 6.2 for details. The other moments in this (far-right) column are taken from the full sample,
1982-2001. Since the adjustments are based on out-of-sample data, standard errors are not computed.



Figure 1. Labor demand policy
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NOTE: This summarizes the optimal employment demand policy for the case of four equally likely types.
e.g., the share 1; of any type i equals 1/4. For high Z, employment of all four types is increased and,
since 1 ;=1/4 for each i, employment of each type, n;, equals 1/4 of firm-wide employment, N . For a
middling range of Zs, the firm does not adjust employment of any type, hence, n; = N /4.

Separations are carried out at low Z such that, if the firm separates from type g;, it will

continue to separate from this type if it also separates from type ¢;, j >i.
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