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Abstract

Unobservable labor utilization is recognized as a crucial feature of
economic fluctuations. Yet, very little is known on the behavior of
work effort over the business cycle. By using firm-level panel data
drawn from two high-quality sources, we obtain a microeconomic esti-
mate of variable labor effort from a dynamic cost minimization set-up.
We argue that, contrary to common assumptions, the relationship be-
tween effort and hours is non monotonic. During a recovery, if a crit-
ical level of hours per capita is reached, for example because of labor
market rigidities, every additional hour is worked with a decreasing
effort, due to physical fatigue. We provide supporting evidence by
estimating the structural parameters of a Taylor approximation of the
effort function. Corroborative evidence has been obtained by estimat-
ing the elasticity of effort with respect to hours at different business
cycle conditions (JEL D20, E32).
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1 Introduction

The pronounced cyclical variability of labor productivity is a well-known fea-
ture of business fluctuations. One of the major explanations proposed in the
literature, which dates back at least to Solow (1964), is based on unobserved
variation of labor utilization. It is argued that sizeable adjustment costs af-
fect firms’ hiring and firing decisions and induce a form of labor hoarding.
Hence, employment is a quasi-fixed factor and firms utilize labor more inten-
sively in booms than in recessions. The reported measures of labor input do
not properly consider movements in effective factor services and this induces
a cyclical mismeasurement.!

Variation in the intensity of work effort may act as a powerful shock
propagation mechanism in the economy and, for this reason, its importance
is largely recognized in the theoretical literature on economic fluctuations.
Indeed, while unobserved labor utilization has been traditionally a feature
of demand-driven business cycle models, more recently it has been given a
prominent role also in supply-driven models (see, e.g., Burnside, Eichenbaum
and Rebelo, 1993).

In the extensive empirical literature on labor hoarding, the unobservabil-
ity of work effort is dealt with in a number of ways. Abbot, Griliches and
Hausman (1988), for example, approximate labor utilization with the amount
of hours per employee, while Caballero and Lyons (1992) use also data on
overtime hours and the ratio of production over non-production workers.
Shea (1991) obtains information on the intensity of labor use by employing
data on accident rates and Basu (1996) uses materials input growth as an
indicator of cyclical factor utilization. Other contributions take a different
approach to this measurement problem. In particular, they extract infor-
mation on work effort by imposing optimality conditions on the behavior of
economic agents. For example, Burnside, Eichenbaum and Rebelo (1993)
employ a general equilibrium model and obtain a time series estimate of la-
bor effort by requiring that, in equilibrium, the return of the marginal unit
of effort is equal to the disutility associated with it. Sbordone (1996) derives
effort within a cost minimization set-up, where it is assumed that in the com-
pensation scheme wages increase more than proportionally with effort. Basu

! Among the earliest contributions on this issue, see Oi (1960), Hultgren (1965), Fair
(1969) and Sims (1974); recent contributions include Gordon (1990), Burnside, Eichem-
baum and Rebelo (1993), Bils and Cho (1994), Basu (1996), Sbordone (1996, 1997), Burn-
side and Eichembaum (1996) and Basu and Kimball (1997).



and Kimball (1997) assume that the compensation paid by a cost-minimizing
firm depends on both effort and hours and is governed by a long-term implicit
contract between workers and the firm.

This paper takes an approach to the measurement of labor effort which is
similar in spirit to that of the latter works. However, unlike most contribu-
tions to the literature we make use of data at the firm level. In particular, we
use panel information drawn from two high quality sources (the Bank of Italy
Survey of Investment and the Company Accounts Data Service) to investi-
gate the behavior of effort spent by the employee at work during different
cyclical conditions. We assume that firms face costs in adjusting labor and
capital inputs, but may vary over time the (unobserved) rate of utilization.
By imposing the firm’s optimality conditions in the empirical specification,
we derive an estimate of labor effort and focus on its relationship with the
amount of hours actually worked.

The procyclicality of worked hours is a well known feature of economic
fluctuations. Firm’s cost-minimizing behavior implies that effective labor
input (that is, worked hours weighted by the unobserved intensity of work
effort) also co-moves positively with output. On the other hand, the rela-
tionship between hourly effort and the number of hours worked is less obvi-
ous. Indeed, in light of simple considerations on the physical fatigue asso-
ciated with work, such relationship is likely to be non monotonic, contrary
to common assumptions.? In particular, we advance in the paper the follow-
ing testable hypothesis, which is consistent with the underlying theoretical
model. Below a certain amount of hours per capita worked in a given pe-
riod, the marginal hour is worked by the employee with an increasing hourly
effort. In other words, when firms face an increasing demand, they typically
respond by increasing both hours per capita and the intensity of the work ef-
fort required from each employee. Eventually, they also increase the number
of employees. However, if the number of hours worked per employee reaches
a critical threshold value, for example because new hiring is difficult due to
labor market rigidities or technological factors (i.e., the need of workers with
very specific skills), then the marginal hour is worked with a decreasing in-
tensity of work effort. In other words, if the services of the firm’s labor force
requested by the firm rise up to a very significant amount through a sharp

2Tt is customary in the literature to assume, either implicitely or explicitely, that labor
effort is positively correlated with the number of worked hours. For example, Abbot,
Griliches and Hausman (1988) and Caballero and Lyons (1992) approximate the rate of
unobserved labor utilization with the amount of hours per employee.
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increase of the number of hours per worker, then physical fatigue is likely to
be encountered on the part of the workers, with a consequent decline of their
marginal effort. If hours per capita is below its critical value, the relationship
between hours and hourly effort is positive; it is negative otherwise. Whether
one observes one case or the other will depend on the state of the business
cycle and on the features of the labor market. According to this view, the
positive relationship between hours and effort which is typically assumed in
the literature would be only a particular case. The hypothesis just described
lends itself to empirical scrutiny and this paper is an attempt to thoroughly
investigate the matter.

We formulate a dynamic cost-minimization model and estimate effort
from a production function augmented with some optimal conditions stem-
ming from the firm’s problem. The theoretical framework that we employ
was originally developed by Basu and Kimball (1997) to identify technology
shocks; it accomodates for possible departures from perfect competition and
constant returns as well as for variations in unobserved factor utilization.
In addition, the use of microeconomic, panel data is consistent with the re-
quirement of the theoretical model and allows us to control for unobservable
individual idiosyncracies that would otherwise wash out in the aggregation
process, inducing a potential bias in the estimates. The regression analysis
is conducted with the generalized method of moment (GMM) estimator for
panel data developed by Arellano and Bond (1991). We provide evidence
that supports our claim by estimating the structural parameters of a Taylor
approximation of the effort function. Corroborative evidence has been ob-
tained by estimating the elasticity of effort with respect to hours per capita
at different conditions of the business cycle.

Finally, in order to appraise if our measure of labor effort is sensible, we
exploit the fact that, at cyclical frequencies, the rates of utilization of labor
and capital are closely linked to each other. This suggests to compare our
model-based estimates with sample information on the degree of capacity
utilization, drawn from the Bank of Italy survey. The strong link between
this indicator and our estimate of labor effort provides further evidence that
variations in unobserved labor utilization are well captured by our data and
model.

The remainder of the paper is organized as follows. The next section
presents the underlying theoretical model. Section 3 illustrates the data and
the methodology used for estimation. In Section 4 the empirical findings are
presented. Section 5 contains some concluding remarks.
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2 The model and the empirical specification
We consider the following production function:

Yio = F(Liy, K, My, Zsy), (1)
where Y;; denotes gross output. Zit is effective labor services and has three
dimensions: the number of employees, N;;, the number of hours per worker,
H;;, and hourly effort, E; (Ly = NyHyFEy). Analogously, effective capital
services (I?Zt = K;;U;;) combines the installed capital stock (K;;) and its rate
of utilization (U;). My is the quantity of intermediate inputs and Z;; is an
index of technology.

Taking logs of both sides of (1) and differentiating with respect to time
yields:

dy = Z—Jgé (dn + dh + de) + g—[{;g (dk + du) + g—]@%dm +dz, (2)
where lower-case letters represent logs, the rate of growth of each input is
weighted by the output elasticity with respect to that input and the elasticity
to technology is assumed to equal one. Time subscripts and the index i are
omitted for clarity.

In order to measure output elasticities, we recall the first order condition
of a simple firm’s optimization problem, Pg—f; = puPx, where X is one of the
inputs of production with its price, Px, and P is the product price charged
as a mark-up, p, over marginal costs. By using the above expression, each
of the output elasticities can be formulated as g—f;% =k “5 = uSx, where
sx is the revenue-based share of factor X. Similarly, the output elasticities
can also be expressed in terms of the returns to scale parameter, 7.> In that
case, they would be:

OF L OF K OF M 3
— = = e — — = YCk; —— = e,
aLY YerL; aRY VCK; MY Yeu;
3To see this, we first recall that ~, the measure of the local degree of returns to scale,
can be viewed as the inverse of the cost elasticity to output: v = C‘;ﬁ“%, where MC'
is marginal cost (Fernald and Basu, 1999). In addition, the ratio of revenue-based and
cost-based factor shares is equal to total costs over total revenues: (Costs/PY’). Using
the definition of p as P/MC, we have: yex = pusx. Of course, this holds true for all the
inputs.




where ¢y, cx and ¢y, are the cost-based factor shares.

Inserting expressions (3) in (2) yields an equation that still contains two
unobservable variables: the time variation of labor and capital utilization
(respectively, de and du). As an extensive evidence suggests (see for example
Shapiro, 1995), inputs are used more intensively in booms than in recessions.
The explanation for this pattern points to the sizeable adjustment costs that
prevent firms from instantaneously hiring (laying-off) workers or increasing
(decreasing) capital when more (less) of these inputs is required. This induces
a form of factor-hoarding, with employment (N) and capital (K') being quasi-
fixed factors and the intensity of their use varying over the cycle. Clearly,
the increase of factor utilization is also costly for the firm and, thus, the
”optimal” degree of input use is set by balancing at the margin benefits and
costs.

These considerations suggest to add more structure to the theoretical
framework. Following Basu and Kimball (1997), we consider a dynamic cost
minimization problem with adjustment costs in hiring and investing. The
optimization set-up is the following:

. > A I —rt
H,E%,TU,M/O {NWG(H, E)+ NWU <N) + PIKJ <E) + PMM] e "tdt
(4)

subject to
Y =F(NHE, UK, M, 7Z)

K=I1-6U)K and N=A

The above expressions introduce some new variables in addition to the
ones defined before. W is the base wage; WG(H, E) is the total compensa-
tion to each worker and depends on both the number of hours and the effort
supplied. As argued convincingly by Basu and Kimball (1997), one can as-
sume that the wage payments are governed by implicit contracts between
employees and the firm, so that the actual variation of this compensation is
not observed. A denotes net hiring and NWW¥ (%) measures the adjustment
cost of varying the number of workers. The investment activity, also, encoun-
ters adjustment costs, that are captured by the function J (%), the product
of this term and P;K gives the expenditure for capital, where Py is the price
of investment goods. ¢ is the rate of capital depreciation that varies with the
utilization, U: a more intensive capital utilization causes depreciation to be
faster. P, is the price of intermediate inputs.

6



The first order conditions of the problem are derived in Appendix 1. Ma-
nipulating these equilibrium relations and combining them with the expres-
sions for marginal products stemming from equation (3) yields an expression
for changes in capital utilization:

£
du = —— (d dm — dp; — dk) — ——(di — dk
where we have used the fact that in steady-state: (£)* = 6*. Two new
parameters are introduced in (5). The first one represents the elasticity of

marginal depreciation with respect to utilization, A = U; , and captures the

degree of convexity of depreciation as a function of capital utilization. The

second one denotes the elasticity of marginal costs of adjustment with respect

to the accumulation rate, £ = 22~ and measures the degree of convexity of

adjustment costs. As in Basu and Kimball (1997), it is useful to define these
elasticities in terms of steady-state variables and treat them as constant.?
With regard to effective labor input, the following relation holds:

dl = dn + dh + de = dn + (1 + ¢) dh (6)

where ( defines the elasticity of hourly effort with respect to hours per worker:
(= %. Thus, the unobserved change in work effort, de, can be expressed in
terms of change in hours per worker, dh.

Inserting equations (5) and (6) in (2) and using the expressions in (3) for
output elasticities yield our main regression equation:

dyie = oadzy + B(cpadhi) + € [cx it (dpari + dmiy — dpris — dki)]
+0 [ck it (digy — dki)] + b Wit + dvy, (7)

where dz;; represents the weighted average of changes in the observed com-
ponent of inputs (dr; = cp(dnyg + dhi) + ckidki + cariedma), with cp g,

4 A feature of equation (5) is that capital utilization is negatively related to investment
spending. Intuitively, this traces back to the first order condition with respect to capital
utilization, U (see eq. A.3), setting the marginal benefit of increased utilization equal
to its marginal user cost. Building on this relationship, eq. A.9 in the appendix states
that the marginal cost in terms of increased capital depreciation, %, depends upon the

ratio between the current marginal value product of capital, /\g—g, and the future marginal

products of capital, ¢. Thus, whenever ¢ and, consequently, investment, I, decline, %

increases; in turn, due to convexity of the depreciation function, an increase of % mirrors
a rise in capital utilization.



ck,ir and cpr being the cost-based input shares. The terms in brackets are
measurable entities and, as illustrated earlier, they are part of the definition
of de;; and duy. Wy is a vector of dummy variables referring to, respectively,
the sector of manufacturing industry, the year, the firm’s size and the occur-
rence of a corporate operation such as a merger, an acquisition or a break-up.’
The specification in level also contained a firm-specific effect, which was elim-
inated by taking first differences. The error terms in the level equation, v;,
are assumed to have finite moments with E(v;) = E(vyvis) = 0, for all t # s.

The unknown parameters to estimate in (7) are a, (3, ¢, 6 and V. «
represents the degree of internal returns to scale (a« = ). The second pa-
rameter allows us to trace back the elasticity of effort with respect to hours,
¢ (B = 7(); the third parameter, €, depends on A according to the relation-

ship € = HLA, while the parameter 6 is linked to the elasticity £ through the
relationship: 6 = —11—5A.

3 Data and estimation

We use firm-level data drawn from two main sources: the Survey of Invest-
ment in Italian Manufacturing (henceforth, SIM) and the Company Accounts
Data Service reports (henceforth, CADS). The SIM has been carried out by
the Bank of Italy at the beginning of each year since 1984. We believe the
data to be of unusually high quality, due to the representativeness of the
sample, appropriately stratified by industry classification, firm size and ge-
ographical location, and to the professional experience of the interviewers.
On average, the number of firms in each survey is about 1,000 with the data
having a panel structure; however, because of attrition, the balanced panel
consists of less than 300 firms. The survey collects both quantitative and
qualitative information on each firm.

The SIM survey does not cover a few variables needed for our analysis,
such as gross production and purchases of intermediate goods and raw materi-
als. Hence, we also employ data from CADS. The latter dataset, maintained
by a consortium of the Bank of Italy and a very large number of Italian
banks, is the primary source of information on balance sheets and income
statements of Italian firms. It collects detailed information drawn from the

>The sectoral classification used roughly corresponds to the SIC two-digit level; for
details, see Appendix II.



annual accounts of more than 30,000 firms. Merging the information from the
two sources resulted in an unbalanced panel of slightly less than 1,000 firms,
which was used in the estimation process. Data range from 1984 to 1997
and include about 8,000 observations overall. The variability of industrial
output during the fourteen-year period considered, which includes the 1993
and 1997 sector-wide recessions, plus branch-specific and firm-specific output
fluctuations, appears enough to convey plenty of microeconomic evidence on
the cyclical behavior of the variables of interest.

In the estimation, output is measured as gross output at constant prices
and purchases of intermediate goods and raw materials are included among
inputs, in addition to manhours and capital stock services. In order to com-
pute the cost-based capital share, cx, and the other cost-shares, the series
for the required payment to capital, r Px K, is constructed. We use data on
the firm-level capital stock at constant prices, K, on the sectoral deflator
of capital stock, Pk, and on firm-level estimates of the user cost of capital,
r, as computed by applying the well known Hall-Jorgenson approach (see
Appendix II for details).

Equation (7) in previous section represents our empirical specification.
In estimating it, one has to take into account that (unobservable) technol-
ogy variation is likely to be correlated with changes in effective labor and
capital services and materials input. This would yield a specification error
inducing inconsistency of the parameter estimates. In order to account for
this endogeneity of regressors, we adopt the generalized method of moments
(GMM) estimation procedure developed by Arellano and Bond (1991) for
panel data. This method was shown to be efficient within the class of in-
strumental variable procedures, as it optimally exploits all linear moment
restrictions descending from the assumptions made on the error terms, v;.
In our estimation the lagged values of the endogenous explanatory variables
dated t-2 and earlier are utilized as instruments. In particular, we truncate
the set of these instruments at the third lag because, as was shown in Zil-
iak (1997), using fewer instruments allows to attenuate the bias that arises
in the optimal GMM estimator when all the available linear orthogonality
conditions are exploited. We also employ external instruments, presumably
uncorrelated with technology variation, that are commonly used in produc-
tion function regressions (see for example for Hall, 1988, Burnside, 1996,
and Basu, Fernald and Kimball, 1998). These instruments are the contem-
poraneous growth rate of material input price and the real exchange rate,
the variation of sectoral order-book level drawn from the business surveys
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of ISAE (Institute for Studies and Economic Analyses; it is a public body
providing technical support to the Italian Treasury) and a measure of unan-
ticipated monetary shock based on a vector autoregression (VAR) model.’
Throughout the paper, we present estimates obtained by using all the in-
struments listed above. However, results turned out to be very robust to the
choice of instruments. In particular, evidence very similar to that presented
in the next section was obtained by excluding, either together or singly, the
demand-side instruments.

The optimal method of Arellano and Bond allows us to compute stan-
dard errors of the estimated parameters that are asymptotically robust with
respect to heteroschedasticity. Also, a set of diagnostic tests can be derived
to assess the validity of both the instruments used and the empirical spec-
ification (see Burnside, 1996). In particular, we considered the Sargan test
of over-identifying restrictions, which verifies the lack of correlation between
errors and instruments, and the statistic developed by Arellano and Bond
(1991), testing for the absence of second-order serial correlation in the differ-
enced residuals. Moreover, the relevance of our instruments was assessed by
examining the correlation with each endogenous regressor (see Ziliak, 1997).
Since the estimation is conducted on firm-level data, our results are not af-
fected by the aggregation bias and composition effects that generally arise in
aggregate data regressions, inducing potentially misleading inference.”

4 Results

4.1 Evidence from the baseline model

The estimation results are reported in Table 1. While the first four rows of
Table 1 refer to the reduced form parameters (o, 3, € and 0), the last four

6The measure of monetary shock is obtained from a monthly recursive VAR model
estimated at the Bank of Ttaly over the period 1975-1997 (Dedola and Lippi, 2000). The
specification includes the following variables: the industrial production index, the CPI,
an index of commodity prices, the three-month interbank rate, the nominal effective ex-
change rate and M2. The three-month interbank rate is assumed to be the policy variable,
determined according to contemporaneous information on the first three series only and to
lagged information on all the six series. The error term from the fitted policy rule provides
our measure of monetary impulse.

"For an insightful discussion on the effect of aggregation bias in production function
regressions, see Basu and Fernald (1997a).
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rows report the implied values of the structural parameters (v, A, ¢ and ().
We are mostly interested in the latter parameters, that provide some insights
on the functioning of the production process. The estimate of the returns to
scale parameter (« is exactly equal to ) is closed to one and the hypothesis
of constant returns to scale is not rejected by our micro-data. Indeed, the
coefficient is estimated equal to 1.05, with a standard error of about .05. This
finding is in line with most microeconomic evidence reported in the literature
(see, for example, Baily, Hulten and Campbell, 1992, for U.S. firms).

Among the parameters related to the intensity of factor utilization, we
focus on (, representing the elasticity of effort that an employee spends in
one hour of work in response to a change in the number of hours devoted to
work. In other words, it is the variation of hourly effort (de) when a unit
percentage change in hours per capita (dh) takes place. Consistently, change
in total effective work per employee is measured by (dh + de).

The estimated value of ( is -.38, with a standard error of .20. That is,
if the number of hours worked by an employee increases by, say, ten per
cent, then his/her hourly effort declines by about four per cent, while total
effective work per employee increases by roughly six per cent (1+(). In other
words, if hours per employee is a pro-cyclical indicator, total effective work
per employee is also pro-cyclical, while hourly effort is not. Thus, increasing
hours at the margin would lead to a reduction in the amount of effort spent
during the marginal hour.

Using the information on (, it is possible to trace the information on the
change in hourly effort: de;; = (dh;;. In order to appraise if our model-based
estimate of effort is sensible, we compare it with independent information
drawn from the Bank of Italy’s survey on the degree of capacity utilization
appraised by each firm. We estimated a panel regression of de;; on the firm-
level capacity utilization rate plus a number of dummy variables as control
factors (referring to the year, sector, size, type of ownership, location and
occurrence of corporate operations). If we use labor effort as dependent
variable the coefficient associated to capacity utilization is positive and sta-
tistically significant (.037 with a standard error of .003). Conversely, if we
use labor effort as dependent variable the coefficient becomes negative (-.037)
and remains largely significant.

With regard to the other parameters, the elasticity A is informative on
the shape of the depreciation function 6(U). Our evidence lends only weak
support to the hypothesis that ¢ is convex, as generally assumed in the lit-
erature, since the estimate for this elasticity is positive, but rather imprecise
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(.81 with a standard error of .66). The elasticity £ is informative on the
degree of convexity of adjustment costs on capital. A positive value of this
parameter indicates that the marginal installment cost of capital, J', is in-
creasing in the rate of investment, % Our results point to the convexity of
capital adjustment costs, since our estimate of the elasticity £ is positive and
statistically different from zero (.12 with a t-statistic of 1.79).

4.2 Labor effort and hours

Although the evidence presented in Table 1 indicates that the observed re-
lationship between effort and the number of hours is negative, this result
may not hold in general because, for example, the relationship can be non
monotonic. Indeed, it seems reasonable to assume that, at least initially, an
increase of the number of hours is accompanied by an increase in the work
effort. This is consistent with the largely recognized fact that, due to adjust-
ment costs in hiring and firing, firms hoard labor during cyclical slowdowns
and recessions. When the recovery begins, firms face the increasing demand
by augmenting both the number of hours worked and the effort required
from their employees. In this case, a positive relationship emerges between
worked hours and effort. However, simple considerations on the physical fa-
tigue associated with the work effort suggest that a critical value of hours
per capita should exist and every additional hour beyond it is worked with a
decreasing intensity. If this threshold value is reached - for example because
new hiring is difficult due to labor market rigidities or technological factors
(the need of skill-specific personnel) or because of a very fast acceleration
of demand - a negative relationship emerges at the margin between worked
hours and effort. On the contrary, if this threshold value is not reached, for
example because firms increase the number of employees, then the relation-
ship between hours and effort remains positive. Whether one observes one
case or the other will depend on both cyclical conditions and the features
of the labor market. For example, the positive elasticity estimated by Basu,
Fernald and Kimball (1998) with data of U.S. sectors may be ultimately due
to the lower rigidities of the U.S. labor market vis-a-vis the Italian one. If
this interpretation is correct, U.S. firms resort to new hiring more easily and
more often than Italian ones, and are therefore less likely to overcome the
critical threshold value of hours per capita.

In graphical terms, we argue that the equilibrium relationship between
effort and hours is well captured by an hump-shaped function such as the
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one depicted in the top panel of Figure 1, where point A corresponds to the
critical value of hours per capita. A formal derivation of this equilibrium
relationship can be obtained from a simple theoretical model of cost mini-
mization, where the firm rewards both hours and effort (such a model, which
is consistent with the one presented in Section 2, is described in Appendix
III). The implications for total effective work, (h + €), are the following. If
for values of h greater than A the elasticity ¢ is negative but less than one in
absolute value, then total effective work is positively related to the number of
hours for any value of h. In particular, change in total effective work would
be more than proportional to change of hours per capita for low values of h
and less than proportional for large values of h. The bottom panel of Figure
1 graphically illustrates this situation.
The hypothesis that we have just discussed lends itself to empirical scrutiny.

In particular, we need to test whether the relationship between e and h
is hump-shaped and, consequently, the relationship between total effective
work, (h+e€), and hours per employee, h, is “S-shaped”. To this purpose, we
pursue two different approaches. The first one is to consider a Taylor approx-
imation of the effort function e(h) and, in particular, of its time variation,
de = e; — ;1.8 Let h* be the average value of h overall in manufacturing
and consider the following second-order approximation around this value:

e(h) ~ e(h*) + ¢ (") (hy — h*) + é’(m)%. (8)

If we compute the same approximation for e(h;_;) and subtract its ex-
pression from equation (8), we obtain

! 12 ].
de ~ ¢ (h*)dh + e (h*)j[hf —hZ | — 2h*(hy — hy_1)), 9)

where €' (h*) = %] n=n 1s equal to (. In the regression framework of equa-
tion (7), instead of inserting (dh alone to represent de, we use the above
approximation for it (recall that Bdh = ~(dh = ~de). As a result, the
basic specification is augmented with another variable, namely the term
2[h? — hi_y — 2h*(hy — hy—1)] which appears in the right-hand side of (9),
pre-multiplied by the labor share c;. The empirical specification is therefore

8We thank Miles Kimball who suggested us this approach.
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the following;:

1
dyiw = oadzy + Byl(cradhi) + B4 CL,iti[h? —h = 2h*(hy — hy)]| +

€ [exit (Aparie + dmiyy — dpri — dki)] + 6 [cr i (diy — dkit)]
+b Wiy + dvy,. (10)

The coefficient associated to this new variable, 3, corresponds to ve' (h*).
If this coefficient is estimated to be negative, then the data do not reject the
hypothesis of a hump-shaped effort function. The results of this regression
are reported in Table 2. The explanatory variables are those of Table 1
plus the quadratic term that allows for estimating the shape of the effort
function. The results lend support to a non-monotonic effort function since
the coeflicient of the new variable is negative (-.322 with a t-statistic of -2.83);
importantly, the parameter estimate associated to cpdh remains negative
and statistically significant (-.604 with a t-statistic of -5.79). The parameter
estimates for the other variables, also, are qualitatively invariant.

We also devised an alternative procedure for testing the hypothesis that
the effort function, e(h), is non monotonic. This other approach hinges
on the fact that the effort-hours relationship depends on the business cycle
conditions in which the firm is operating. In general, situations where effort
is increasing in hours per capita (i.e., where firms are located to the left of
point A in Fig. 1) should presumably satisfy two conditions. First, they
are likely to occur in the aftermath of a demand slowdown or a recession,
when firms utilize more intensively the hoarded labor, increasing both hours
and effort required from employees. Second, in order to maintain a positive
relationship between effort and hours per capita, the latter variable needs
not to increase excessively (otherwise, hours per capita, h, would reach its
critical value). These two conditions can be characterized in terms of the
behavior of hours per capita. In particular, in order to capture the first
condition, we considered observations where the level of hours per capita in
the previous period is below a “normal” amount, as measured by the firm-
specific time average (or median) of h;. Among such observations, in order
to capture the second condition, we selected the subset of data where the
variation of hours per capita is positive but not unusually strong, i.e. not
exceeding the firm-specific 75-th percentile. Accordingly, we constructed two
dummy variables: the first, DLEFT, takes the value of one if i) the number
of hours per capita in the previous period does not exceed the firm mean or,
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alternatively, the firm median (hy;_1 < A7 or hy_ < h"e%9n) gnd ii) the
contemporaneous variation of hours per capita is positive but does not exceed
the firm’s 75-th percentile (0 < dh;; € pctile75(dh;)). DLEFT is equal to
zero otherwise. The second dummy, DELSFE, takes the value of one when
at least one of the above conditions does not hold. In Table 3 we report the
estimates obtained by including among regressors the interaction between
each of the two dummies and the variable cpdh;;. The first and second
column refer to the case where the first condition is captured, respectively,
by hi—1 < R and hj—1 < h;”ed"‘m. The evidence provides support to the
hypothesis that work effort is first increasing and then decreasing in hours per
capita. Indeed, the elasticity ( is estimated to be positive in situations where
the firm is presumably operating to the left of point A in Figure 1 and to be
negative elsewhere. Focusing on the results reported in the first column, the
parameter estimates are equal to, respectively, 2.63 (with a standard error
of .83) and -.52 (with a standard error of .20). We also experimented with
alternative cut-off values for the construction of the dummies and the results
remained substantially unchanged.’

5 Conclusion

Cyclical variations of unobserved labor utilization are commonly recognized
as a crucial feature of economic fluctuations. They are due to the existence
of adjustment costs in hiring and firing, which induce firms to hoard labor,
and represent an important shock transmission mechanism in the economy.
Whereas variable labor effort is a typical element of demand-driven models,
in recent years it has been successfully incorporated in real business cycle
(RBC) models, also. Empirically, unobserved labor utilization is estimated to
account for a sizeable portion of the cyclical fluctuations of standard measures
of labor and multifactor productivity.

In spite of its central role for economic fluctuations, very little is known
on the behavior of labor effort over the business cycle, partially because of
its intrinsic unobservability, on the one hand, and of the complexity of the
interrelations to be investigated, on the other. Moreover, very few contri-
butions have investigated the matter with microeconomic data, as required

9For example, we expressed the first condition as (h;;_1 < pctile25(h;)) and the second
condition as (0 < dhy; € dh"®™) or, alternatively, (0 < dh; € dhedion).
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by the theory. In this paper we compute a measure of variable labor effort
from a dynamic cost minimization set-up that takes into account potential
deviations from constant returns and perfect competition as well as cyclical
variation in labor and capital utilization. Our empirical framework is esti-
mated on panel data at the firm-level, thus avoiding the potentially serious
problems induced by aggregation.

We argue that while effective labor input per employee is positively cor-
related with hours per capita, the relationship between hours and work effort
is less obvious. In particular, we show that the positive relationship between
hours and effort, which is commonly assumed in the literature, is only a
particular case of a non-monotonic relationship between the two variables.
During an economic recovery, if the number of hours per capita reaches a
critical level, for example because new hiring is difficult due to labor market
rigidities, every additional hour is worked with a decreasing effort due to
physical fatigue. We provide evidence that supports our claim by estimating
the structural parameters of a Taylor approximation of the effort function.
Moreover, corroborative results have been obtained by estimating the elas-
ticity of effort with respect to hours at different business cycle conditions.
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Figure 1
Effort and effective work per employee
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Table 1

Baseline model - Equation (7)
GMM estimates on firm-level panel data

Dependent variable: dy;;

dxy 1.054 (.056)
CL,itdhit -.404 ( O)
ciit(dparie + dmy — dpp i — dkyy) 582 (.190)
CK,it(diit - d]fit) -.069 (.033)
Wald tests of joint significance:
year dummies 40.2 (12; .001)
sectoral dummies 33.6 (12; .001)
firm size dummies 8.4 (4; .079)
corporate operat. dummies 11.0 (6; .088)
Sargan test of over-identifying restrictions 62.4 (68; .67)
Test of 2"¢ order serial correlation -.64 (.52)
Wald tests for weak instruments:
dx; 420.9 (106; .00)
critdhi 290.0 (106; .00)
CK,it<dpMﬂ't + dmit — dp]ﬂ't — dklt) 492.8 (106, 00)
CK,it(diit — dk’zt> 287.0 (106; OO)
Implied estimates of structural parameters
V=« 1.054 (.056)
(=12 -.384 (.20)
A=2= 811 (.657)
¢ — _Oxap 118 (.066)

ically as a standard normal.
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The instrument set includes:

lagged

Legend: the sample period is 1984-1997. Variables and parameters are defined
in the text. Heteroschedasticity-consistent standard errors for parameter estimates
are shown in brackets. For each test, degrees of freedom and p-values are reported
in brackets; the test for second-order serial correlation is distributed asymptot-
values of the
endogenous explanatory variables at time t-2 and t-3; contemporaneous growth
rate of material input prices and of the real exchange rate; variation of sectoral
order-book levels drawn from the ISAE business survey; a VAR-based measure of
monetary shock. In the Wald tests for weak instruments the null hypothesis is
that instruments jointly explain none of the variation in the endogenous variable.
S.e. of structural parameters are not heteroschedasticity-consistent.



Table 2
The shape of the effort function - Equation (10)
GMM estimates on firm-level panel data

Dependent variable: dy;;

dzyy 977 (.029)
critdhi -.604 (.104)
crL th[h — h2_; —2h*(hiy — hi—1)] -.322 (.114)
et (dparie + dmiy — dpr iy — dkyy) 791 (.114)
ciit(diiy — dkit) -.035 (.017)

Sargan test of over-identifying restrictions | 149.71 (166; .81)
Test of 2"¢ order serial correlation -2.11 (.04)

Legend: see Table 1. The sample period is 1984-1997. The specification in-
cludes all the control dummy variables of the specification in Table 1. Values of
Wald tests for the joint significance of these control variables are not reported.
The instrument set is the one of the regressions of Table 1. In addition, lagged
values of the new variable dated t-2 and earlier are included.
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Table 3
The elasticity of effort with respect to hours
at different business cycle conditions
GMM estimates on firm-level panel data

Dependent variable: dy;; (1) (2)
dz; 915 (.054) .932 (.054)
DLEFT * cr, jidh;y 2.627 (.833) 2.113 (.771)
DELSE * cp,idhg -.522 (.196) -.499 (.193)
CKJ‘t(dpMﬂ‘t + dmit — dput — dk’n) 1.063 (181) 1.035 (178)
ciit(die — dkit) -.055 (.031) -.047 (.031)
Sargan test of over-identifying restrictions | 77.73 (72; 0.30) 77.01 (72; .32)
Test of 2"order serial correlation -2.43 (.02) -2.51 (.01)

Legend: See Table 1. The sample period is 1984-1997. In column (1), DLEFT =
Lif hypy < R and 0 < dhy € pctileT5(dh;); DLEFT is equal to zero
otherwise. DFELSE = 1if DLEFT = 0. In column (2), DLEFT = 1 if
hii—1 < hzmedi‘m and 0 < dhy < pctile75(dh;). The specification includes all
the control dummy variables of the specification in Table 1, except size dummies
(which were found to be not significant). Values of Wald tests for the joint signif-
icance of these control variables are not reported. The instrument set is described
in Table 1.
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A Appendix I: Optimality conditions

The first order conditions of the constrained optimization problem (4) in the
text are the following (see Basu and Kimball, 1997):

oF oG
Hi ASEL=WLoy (A1)
OF oG
E —HL=WL— A2
AaL Wior (A2)
OF 06
: — K =qK— A.
U A(‘?K q 50 (A.3)
oF
A: ¢o=WT (A.5)
I: q=P.J (A.6)

where )\, ¢, and ¢ are the Lagrange multiplier associated, respectively, to the
first, second and third constraint. The Euler equations for the quasi-fixed
factors are:

o

N: ¢ :r¢—)\z—§EL+WG+W(\IJ— %xm (A7)

o OF I

Combining condition (A.3) with the expression for marginal product of
capital stemming from equation (3) in the text (g—g = sk o) yields

9 A Y
—_ _ _ .
ou ~ " K’ (4.9)
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similarly, the joint consideration of condition (A.4) and of the expression for
marginal product of intermediate inputs gives
Py M
A==
S MY

(A.10)

if we combine the expression for marginal productivity of capital with (A.10),
the following relation holds:

)\a_F_S_KPMM.

— = A1l
sy UK (A.11)
putting together (A.9), (A.10) and condition (A.6) yields
06 SK PMM
— = . A.12
oU sy PIJK ( )

If we differentiate with respect to time the above equation and divide
both sides by U %, we obtain equation (5) in the text for percentage changes
in capital utilization.

If we insert (5) and (6) in equation (2) in the text and use the expressions
(3) for output elasticities, the estimating equation (7) is obtained.
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A Appendix II: Data description

Data Sources. The two main sources used in the paper, both at the firm-
level, are the Bank of Italy Survey of Investment in Manufacturing (SIM)
and the Company Accounts Data Service (CADS). The SIM database goes
back to 1984. The questionnaire is sent to each enterprise at the beginning
of each year and the questions refer to the year just past and the previous
year (this allows data consistency to be checked over time). Interviewers are
officials of the Bank of Italy, who tend to establish long-run relationships
with firms’ managers and are also responsible for verifying the accuracy of
the information collected. The sample is stratified according to three criteria:
sector of economic activity, size and geographical location. With regard to
the first, the three-digit Ateco-91 classification of the National Institute of
Statistics (ISTAT) is used (fully consistent with the international Standard
Industrial Classification). Size refers to the number of employees; four classes
are considered: 50-99, 100-199, 200-999, 1000+ employees. Due to difficulties
in ensuring high quality in the data collection, small firms, defined as those
with fewer than fifty employees, are excluded from the SIM sample. Firm
location refers to the regions (nineteen). The presence of outliers and missing
data within the sample is dealt with by means of appropriate statistical
techniques.

The company accounts report is a data service provided by an institution
(Centrale dei Bilanci) established by the Bank of Italy and a pool of banks.
Information on the annual accounts of around 30,000 Italian firms has been
collected since 1982 and data are reclassified to ensure comparability across
firms.

Panel structure. Merging the information from the two sources resulted
in an unbalanced panel of around 1,000 firms. After taking rates of growth,
there is a total of 6,811 observations. The structure of the sample by number
of observations per firm is reported in Table A.1.

Table A.1
Sample structure by number of observations per firm
Number of annual observations 3 4 5 6 7 8 9 10 11 12 13
Number of firms 136 130 103 88 80 73 80 96 37 42 85

Source: SIM and CADS.
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Sectoral classification. The sectors of economic activity in manufacturing
industry are: 1) Food and tobacco products; 2) Textiles and Clothing; 3)
Leather and footwear; 4) Wood and furniture; 5) Paper and publishing; 6)
Chemicals; 7) Rubber and plastic products; 8) Transformation of non met-
alliferous minerals; 9) Metals and Metallurgy; 10) Machinery for industry
and agriculture; 11) Electrical machinery (including Computers and office
equipment); 12) Transport equipment (automobiles, railways, ships, aircraft
and other motor vehicles) and 13) Other manufactures.

Variable definitions and sources. Gross output is measured as firm-level
production (source: SIM) deflated by the sectoral production deflator com-
puted by ISTAT. Employment is firm-level average employment over the
year (source: SIM); manhours are also firm-level and include overtime hours
(source: SIM). The use of intermediate inputs is measured as firm-level net
purchases of intermediate goods of energy, materials and business services
(source: SIM), deflated by the corresponding sectoral deflator computed by
ISTAT. Investment is firm-level total fixed investment in buildings, machin-
ery and equipment and vehicles (source: SIM), deflated by the sectoral in-
vestment deflator published by ISTAT. Capital stock is measured as the
beginning-of-period stock of capital in equipment and non-residential build-
ings at 1997 prices. It was computed by applying backwards a procedure
based on the perpetual inventory method (using firm-level investment figures
from SIM and sectoral depreciation rates from ISTAT), using as a benchmark
the information on the capital stock in 1997 (valued at replacement cost),
collected by a special section of the Bank of Italy Survey conducted for that
year. The capital deflator is the sectoral capital deflator computed by ISTAT.

In order to construct the series of required payment to capital, rPx K,
we used the firm-level, time-varying estimates of the user cost of capital
computed at the Bank of Italy by De Mitri, Marchetti and Staderini (1998)
on the basis of the SIM and CADS datasets. A further source is the Credit
Register (CR) data, which are collected by a special unit of the Bank of
Italy (Centrale dei Rischi) and include detailed information on bank-firm
contracts. De Mitri et al. (1998) followed the well-known Hall-Jorgenson
approach, as developed by Auerbach (1983) for firms that use both equity
and debt finance. Thus, the user cost of capital is expressed as follows:

(1-25)
(1—=7)

r= lgi(1—7)+ (1 —g)e—m+ ] (A. 13)
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where 7 is the corporate tax rate and S reflects corporate tax rates, in-
vestment tax credits, depreciation allowances and any relevant subsidy, all of
which are set to the appropriate firm-specific value according to Italian law in
the given year and to a number of firms’ characteristics; g is the firm-specific
ratio of financial debt over total liabilities (source: CR); ¢ is the average
borrowing rate payed by the firm (source: CR); e is the required nominal re-
turn to equity (i.e., the opportunity cost associated with holding part of the
firm’s equity), approximated by the average yield of Italian Treasury bonds
(BTP), on the ground that the equity premium on the Italian stock market
is usually estimated to have been negligible, or even negative, during most
of the period considered; 7 is the sector-specific expected increase of capital
good prices (source: SIM) and ¢ is the sectoral rate of capital depreciation
(source: ISTAT).

Descriptive statistics of key variables. See Table A.2.

Table A.2

Descriptive statistics of selected variables (percent)

Variable 25th perc.  50th perc.  T5th perc. Mean
Gross output growth, dy -6.4 3.0 12.4 2.9
Total hours growth, (dn + dh) -3.3 2 4.3 7
Capital stock growth, dk -3.0 -.5 2.9 .8
Materials growth, dm -7.6 3.0 13.8 3.0
Labor cost-share, ¢y, 15.0 20.5 26.9 21.9
Capital cost-share, cx 7.6 13.1 20.8 15.5
Materials cost-share, ¢y 53.4 64.5 73.4 62.9

Source: SIM and CADS.
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A Appendix I1I: The equilibrium relationship

between hours and effort

In the theoretical framework illustrated in Section 2 a compensation function,
G(H, E), is introduced, reflecting how the firm rewards hours and effort.
Combining the first order conditions with respect to H and F (see equations
A.1 and A.2 in Appendix I) yields that at the optimum the elasticity of cost
with respect to hours has to be equal to the elasticity of cost with respect to
effort, GHTH = GLGE If it is actually true that the higher the number of hours,
the lower is the effort spent in the marginal hour, then the compensation
(cost) function would take this into account. Thus, compensations would be
such that the more firm demands E and H and the higher becomes the cost
to compensate them, the more convenient it is for the firm to increase hours
relatively to effort. A simple way to rationalize this is by considering the
following cost-minimization problem of the firm:

MEZ[T},E log|G(H,E)] = ]\{m g(h,e) (A. 14)
st. y = cp(h+e)

where, for simplicity, we abstract from considering all inputs except labor
and normalize to one the number of employees.!’ Following Basu and Kim-
ball (1997), we assume convexity of the g function. The iso-cost loci and
the iso-output loci are illustrated in Figure A.1 for different amounts of the
expenditure for compensation and for different output levels. The compensa-
tion scheme underlying the function g is devised to as to satisfy the hypothesis
advanced earlier. Therefore, g is formulated so that the resulting expansion
path for h and e is hump-shaped, as in the figure.

19Tn the objective function we define g(h, e) as log [G(H, E)]. Moreover, without loss of
generality, we consider a very simple Cobb-Douglas production function: Y = (HFE)°k;
taking the logarithmic transformation, it becomes y = ¢y, (h + ¢€).
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Figure A.1
Hours and effort: The equilibrium relationship
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