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Abstract

This paper jointly considers some pieces of evidence regdmd) peculiarities of in-
dustries' structure which are often separately addressed.ltalian industrial sectors are
known to be characterized by a high proportion of small enteprises that su ers from
\constraints to growth". We look at the interplay of variabl es accounting for size, pro-
ductivity and labor cost, and assess the relevance of laboiofce structure in determining
the structure of cost for wage. We start by exploring the rm size-wage e ect in Italian
manufacturing sectors and investigate the extent to which sich a trend is o set by a
positive and counterbalancing relation linking together productivity and size. We in-
vestigate how size contributes to the wage di erential within a rm on the earnings of
distinct categories of employees. The empirical ndings wepresent reveal that labor
force structure matters in determining the wage cost strucure of rms.

1 Introduction

This work makes use of microdata to empirically investigatéhe structure of the total cost for
wage in Italian business rms. By means of non-parametric aparametric analysis we provide
a uni ed framework to account for two phenomena emerging at an exploratory analysis,
namely the positive relations linking together both wage ah productivity to the size of the
rm. In this respect the present paper provides some complaentary features to other works
on Italian data (Dosi and Grazzi, 2006; Bottazzi et al., 2007 We refer the interested reader
to those works for an investigation of the properties of theize distributions of rms, their
growth processes and productivity dynamics. Here, we focas issues concerning di erentials
in the cost of labor and the relevance of organizational stcture in a ecting total cost for
wage in a rm.

Literature on industry dynamics has received new impulse drenthusiasm from the growing
availability of microdata which enable to recover a much marin-depth representation of the
structure and dynamics characterizing di erent sectors.

Accurate microdata are of vital importance for empirical wik aimed at recovering existing
peculiarities in the organizational and productive struatre of rms operating in di erent
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follow would not have been possible without the valuable hg of the Italian Statistical O ce (ISTAT) and in
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sectors as well as a broader understanding of the level of &igeneity in a given sector. This
relatively recent research strand has indeed revealed a rhumore dynamic and variegated
picture than what conventionally expected.

Davis and Haltiwanger (1992, 1995) make use of a rich dataleascombining di erent
sources of information, which enable for the matching of heahold and establishment data
for the U.S. manufacturing, thus allowing to exploit the mathing between person-level and
establishment-level data, and being able to break down wagkspersion into between-plant
and within-plant component. They nd that mean wages are shaly higher at larger es-
tablishments, further, age dispersion falls with establisnent size and size-class di erences in
wage dispersion often mask even sharper di erences in thesglersion of wages generated by
observable worker characteristics.

The literature on rm size-wage e ect has extensively docuented the evidence of a positive
relation between employer size and wages. Starting as eagyMoore (1911) scholars have been
reporting the existence of such an increasing relationshif his regularity, though persistent
over time and well documented for several countries, both #te rm and establishment level
(Davis and Haltiwanger, 1991; Main and Reilly, 1993; Brunkd and Colussi, 1998; Arai, 2003;
Lallemand et al., 2005), is not completely understood.

Brown and Medo (1989) present some thorough empirical rets matching together the
Current Population Survey (CPS), providing data for individuals, and various surveys con-
taining data for establishments. They nd that among the vafous assumptions attempting
to explain the wage-size e ect, the one to nd sounder empical support is the di erence in
workers' quality! among size classes, which accounts for roughiye-half of observed mean
wage di erentials®>. Nevertheless, they also acknowledge that the analysis asis leaves the re-
searcher uncomfortably unable to account for the part of thdi erential which is not explained
by observable indicators of labor quality. Thus, the autha conclude that \the employer size-
wage e ect remains a fact in need of an empirically based thgo(Brown and Medo , 1989, p.
1057)." The empirical analysis we perform in Section 3 cormns the presence of such a residual
e ect of size on wage, and further investigation also revesah di erent responsiveness of em-
ployees' wage to rm size according to the category (i.e. pduction/non-production worker)
they belong to. The existence of such a puzzle has been fordam source of inspiration for
many scholars on the subject to put forward new theories anegconsider old ones.

The results we present here con rm the existence of a signaat and increasing relation
between size of rms and unitary costs of labor. After a detéed presentation of the database
(Section 2), we consider the relation between the cost of labbore by a rm, its productivity
and size (Section 3). With many respects this analysis patals and complements that in
Fagiolo and Luzzi (2006) and Bottazzi et al. (2006). There # authors consider how the
interplay of size and nancial soundness impacts rms' grotih patterns. Here we assess the
role of workforce composition in shaping the wage structuref rms, also evaluating for the
possibility of relative cost advantages of smaller rms asatnpared to bigger ones.

Compared to the vast empirical literature focusing on the se-wage e ects in di erent
countries, there exists a limited number of similar attemp for Italy, most likely due to data
scarcity. Lucifora (1993) and Brunello and Colussi (1998)ra two of these exceptions. In
particular Brunello and Colussi (1998) employ a Bank of Itgl national survey on the income
and wealth of Italian households Ihdagine sui bilanci delle famiglie italian¢ and nd that

Typical proxies of worker's quality are education, years ofexperience, etc.

2The issue of wage di erentials, at length, has pervasively #racted interest of scholars dealing with various
research topics in the domain of labor economics, see for it@ce the contribution of Zabojnk and Bernhardt
(2001) and Hu (2003) respectively on corporate tournament@nd compensation structure.
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the observed raw di erential of wage for small and big rms isalmost entirely explained by
di erences in individual characteristics and by the endogeus allocation of workers to jobs.
The purpose - and the novelty - of the present work is to accoufor the existing rm size-

wage gap, not in terms of worker characteristics but rathemiterms of the outcome of these
workers' di erences in a ecting the increased rm e ciency. Indeed we show in Section 3.2
that once accounted for labor productivity of rms, size plgs a residual, yet signi cant, role in
explaining the cost structure of companies. Being able tostinguish among di erent categories
of employees we investigate whether wages of production ameh-production workers display
di erent sensitivities to rm size. Then, in Section 4 we assss the role of labor force structure
of rms in accounting for the wage-size relation.

2 Description of the data

The research we present here draws upon the MICRO.1 databad&veloped by the Italian Sta-
tistical O ce (ISTAT) 3. MICRO.1 contains longitudinal data on a panel of several thusands
of Italian rms with employment of 20 units or more and it coves the years 1989-97.

As reported in Bartelsman et al. (2004) the percentage of mafacturing rms with more
than 20 employees is the 12% of the total population. Howevehese relative larger companies
account for almost 70% in terms of employment. In the followg, we focus our empirical
analysis only on those rms operating in the manufacturing extors, which referring to the
ISIC classi cation, are those in the tabulation category D ad include all rms in the range
15-37 (UNSD, 2002).

MICRO.1 contains the census of Italian rms bigger than 20 epioyees. There are though,
for certain years, some non-respondents or rms appearing the database only at the end
of the period, as they reach the threshold criteria, or on theontrary exiting the database as
they shrink. This makes MICRO.1 an unbalanced panel and sonm@/estigation revealed that,
at least for the variables considered in this study, the dege of completeness of the database is
around 65%. Nonetheless we believe that two following postargely endorse the validity of
MICRO.1 for the nature of the analysis we are performing in tis work. The census nature of
MICRO.1 guarantee us against possible bias in the data catteon process. We did not indeed
detect any particular trend in non-respondents: rms not-esponding for some years and then
reappearing again, do not generally show particular changén their structure, performance,
etc. Finally, concerning the 20 employees threshold, the guerty of MICRO.1 to account
for such a big share of employment, stands for the wide repesgativeness of the database of
Italian rms operating in the di erent sectors of manufacturing industry.

As far as cross-country comparability is concerned, it is iportant to, at least, be aware
of some country-speci ¢ characteristics. A rst one pertais to the labor market regulations.
In this work we are not interested at depth with this issue andefer the interested reader
to Nickell (1997), Bertola and Ichino (1995) and ISTAT (2005 for a more comprehensive
account on the matter and a closer focus on the Italian case.h&n, as far as data collection
is concerned, it is important to remind that most of U.S. stutes consider the \plant" as the
level of analysis, whether, on the contrary, in Europe, it ishe \ rm" to be the unit for data
collection.

Firms in the database are classi ed according to their seat@f principal activity following
the ISIC classi cation. For our analysis we typically disagregate each sector at the three

3The database has been made available to our team under the malatory condition of censorship of any
individual information.
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Figure 1: (Left Side) Relation between size (as number of employees employees)daoost of labor in 1989
and 1997. Variables are in logs.(Right Side) Cost of labor measured as average cost per hour of work (in
thousands) in the same years.

digits level, unless explicitly stated. This is purported aiconsidering rms which are, to a
good extent, involved in the same production activity and athe same time this is meant to
preserve a reasonable number of observations to perform eametric analysis.

MICRO.1 contains information appearing in rms' nancial statement together with the
additional variables contained in the annual census condiagd by ISTAT. Thanks to the source
of the data we have access to di erent measures of \cost of kaly, in that we can sort out
the wage paid to the worker from the total cost bore by rmé. MICRO.1 is a distinguish-
able resource for such empirical analysis as it also allows distinguish the total number of
employees between production and non-production workeraditheir wages.

Finally, in order to account for possible trends in the varibles of interest we de ate our
data on monetary variables making use of the sectoral indexqwided by ISTAT®. During the
period under investigation 1989-1997, Italy underwent a nnetary crisis that forced the Lira
out of the monetary union; thus a procedure aimed at washingub in ation driven bias is
badly needed to identify real trend in variables such as cosf labor or productivity. Finally

4Total cost per worker can indeed be split into a) salary paid to employee (comprising wage, overtime pay
and bonus); b) corporate income taxation; c) retirement pay, the so-called Trattamento Fine Rapporto.

5The section on employment comprehends information on entrgreneurs, clearly with no data about cost of
labor; non-production worker, comprising both managers ad entry-level (respectively dirigenti and impiegati);
production worker as blue-collars, assistants, apprenties and work from home arrangements (respectively
operai, commessj apprendisti and lavoratori a domicilio .

S|stat, the ltalian statistical oces provides online many t ime series of the Italian economy at
http://con.istat.it/default.asp



to ease the interpretation of results we also report all vaables in euro, even though at the
time these reports were lled in Lira currency.

3 Cost of Labor and Productivity in Italian Manufac-
turing Firms

The criteria we follow in the empirical analysis we presentdre is to move, incrementally,
from bivariate and non-parametric analysis to functional radels comprising more explanatory
variables. In this bottom-up process we rst identify some foad relations existing between
variables and then we proceed to introduce some parametripexi cations which allow for a

more precise description of the identi ed e ects. In the fdbwing we focus our analysis on
rms active in the manufacturing sectors. We present plots rad tables of most populated and
representative sectors at the 3 Digit level of sectoral diggregation.

3.1 An exploratory analysis

In this section we analyze the relation between total cost dadbor, W, and size of the rm
as proxied by number of employeed,. If the cost of labor does not depend on rm size, the
labor total expenditure, W, grows proportionally with the number of employees .

We start by considering the following scaling relation

w LY (1)

If > 0 then larger rms incur, in general, in increased labor cost while if < 0 the
opposite happens. In order to capture these e ects we t a lelinear relation between the
labor cost per employee€C = W=L and the number of employeet with the model

a(t)y= + Ii(®)+ (1) (2)
where subscriptt identi es the year of interest and lowercase symbols denotiee logarithm
of the original variables, that isc = log C and | = log L. The choice of taking the log of

variables is motivated by an improved representation of thelata in the plot. Indeed, the
width of the support of the distribution, as shown in Figure 1 would preclude to appreciate
any relation between the variables with \raw" data.

Figure 1 exhibits plots for the sectors of knitting and croobted articles (ISIC 177) and
treatment and coating of metals (ISIC 285). Table 1 reportsae cients for all sectors in
the analysis. In general, a positive relation appears betee the labor cost per employee
and size. Plots on the left of Figure 1 make use of yearly exs®s per worker as a proxy
for the wage rate, while those on the right employ of cost peror. Both of plots display
the same trend, thus revealing that the increasing relatiobetween size and cost of labor is
independent of the proxies of wage rate employed - at leastabe considered here. Due to the
small magnitude of the standard errors of coe cients in Tab¢ 1 the relation is signi cant in
all sectors and years considered but one, meaning that labcost per employee is increasing
more than proportionally in size.

Plots in Figure 1 as well as coe cients in Table 1 show that theelation between size and
labor cost is stable over time, given the small change in coeients between the beginning

’During the period under investigation the Italian currency with legal tender status was the Italian Lira
whose exchange rate with the euro was xed at le per 193627 Lira.
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ISIC 1989 1997

SECTOR Cod
ode Lab: Cost Lab: Cost
Production & processing 151 9.881 0.050 24355 10.036  0.053 28979
of meat (0.067) (0.017)  (5204) (0.069) (0.017)  (6546)
Knitted & crocheted 177 9.303  0.090 16069 9570  0.091 20856
articles (0.065) (0.016)  (3737) (0.070) (0.018)  (4848)
Wearing apparel & 182 8.974 0.151 15044 9.283 0.142 19125
accessories (0.050) (0.012)  (4630) (0.046) (0.012)  (6000)
Footwear 103 9.299  0.097 16450 9.652  0.065 20362
(0.068) (0.017)  (4164) (0.062) (0.016)  (5193)
Articles of paper and 212 9.720 0.087 24118 9.748 0.135 29956
paperboard (0.057) (0.014)  (4923) (0.060) (0.015)  (6989)
Printing and services 9.760 0.150 31691 9.756 0.156 32811
\ated ¢ 222
related to printing (0.063) (0.016)  (9146) (0.081) (0.021)  (20975)
Plastic products 250 9.683  0.098 24187 9.803  0.108 28340
(0.051) (0.013)  (5711) (0.045) (0.011)  (6356)
Articles of concrete, 266 9.968 0.035 25160 9.865 0.112 30111
plaster & cement (0.079) (0.020)  (5834) (0.086) (0.023)  (7101)
Metal products 281 9.586  0.114 22995 9.714  0.140 28470
(0.071) (0.019)  (5539) (0.072) (0.019)  (6754)
Treatment & coating of 285 9.716 0.057 20988 9.904 0.069 26528
metals; general mechanical (0.089) (0.024)  (4804) (0.076) (0.021)  (6690)
engineering
. . 9.991  0.072 29798 10.081  0.085 34436
Special purpose machinery 295
(0.038) (0.009)  (6297) (0.039) (0.009)  (7865)
Furniture 361 9537  0.113 21832 9.743  0.088 24180
(0.042) (0.011)  (4856) (0.040) (0.011)  (5530)

Table 1: Relation between size (as number of employees) and labor doper employee in 1989 and 1997.
OLS estimates. Constant price log variables; standard errs in brackets; coe cients signi cant at the 0.05
level are in bold. See also Fig. 1, left panelLab: Cost is the average cost of labor for rms in every sector, in
thousands of euro.

and the end of the period of analysis. Also note in Figure 1 thahe tted lines display an
outward shift when comparing observation for 1989 and 199As the monetary variables in
the analysis are already in ation-adjusted, such a shift igresents the sectoral average increase
in the cost of labor in real terms. Table 1 reports in the thirdcolumn of each year of analysis
the average cost of labor for all sectors. The assessmentufisa trend, which goes far beyond
the scope of the present work, might shed some light on the soes of Italian often claimed
competitiveness loss in recent years (Malgarini and Piga0@6).

A quite straightforward consequence of the relation betwaesize and labor cost described
above is the signi cant degree of heterogeneity in the labaost per employee born by rms
in the same sectors. Let us consider consider again our ithagive sectors. Focusing on the
relation in 1997, for rms in the knitted and crocheted sectos (top left of Figure 1) the plot
shows that rms belonging to the bin of smallest size bene t ba labor cost per employee -
in per capita terms - which is more than 25% smaller than rmsn the bins populated by the
biggest companies in the sector. This \spread" in the cost débor might appear negligible
at rst, but one has to consider that most employment contrats in Italy are set according

6
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Figure 2: (Left Side) Relation between size (as number of employees) and labor pdoctivity, |, as value
added per worker for years 1989 and 1997. Variables are in Ieg(Right Side) Labor Productivity as value
added per hour of work (in thousands) in the same years.

to nation-wide agreements in the various industrial secter once accounted for the attening
e ects of such regulations on earnings, the wage spreads eb&d are substantial. In Section
3.2 and 4 we further investigate this relation and identify @me of its sources. This \regularity"
of rms facing rather di erent wage rates is well in tune with the evidence reported in Dosi
and Grazzi (2006) and Bottazzi et al. (2007) on the heterogeity in the mix of inputs and
in the level of labor productivities of rms in the same sectg and as such contribute to
lend empirical support to a picture of pervasive and persisht heterogeneities characterizing
business rms.

As described at length in Section 1 the existence of a posgivelation between size of the
rm and wage is not a new one. Nonetheless, to provide a thowrgh account of those issues
related to the scale of the activity also embracing, for insince, some measure of pro tability
(in this respect see also Prattern (1971)), it is necessary ttontrol for the di erent level of
labor productivity that can possibly characterize these ms.

To this respect, let us analyze the relation between the totasalue added produced by a
rm, VA, and the number of its employeesl.. If the productivity of labor does not depend
on the size of the rms, we expect to nd a proportional relaton between these two variables.
By the same token as before, we try to capture possible deviats from the proportionality
assumptions by tting a double log relation between labor prductivity, = V A=L, and the
number of employeesl

i(H= + 1)+ (1) (3)



SECTOR ISIC 1989 1997

Code Lab: Prod Lab: Prod
Production & processing 151 10.353 0.033 38.746 10.249  0.086 44777
of meat (0.132)  (0.033) (15.126) (0.160)  (0.039) (19.500)
Knitted & crocheted 177 9.752 0.060 24.017 9.390 0.189 28.399
articles (0.117)  (0.029) (13.000) (0.165) (0.042) (21.970)
Wearing apparel & 182 9.083 0.192 21.648 8.833 0.288 24.071
accessories (0.079)  (0.020) (14.351) (0.091) (0.024) (18.899)
Footwear 193 9.325 0.152 21.649 9.555 0.127 25.300
(0.090) (0.023) (8.891) (0.140)  (0.037) (11.242)
Articles of paper and 212 10.264  0.072 40.638 10.124  0.152 49.978
paperboard (0.097) (0.024)  (15.615) (0.121)  (0.030)  (23.504)
Printing and services 10.220 0.123 46.251 10.030 0.142 42.637
lated S 222
related to printing (0.083) (0.021)  (16.938) (0.134) (0.035)  (19.383)
Plastic products 252 0.323 0.057 40.745 10.026 0.155 46.227
(0.083)  (0.021) (15.927) (0.098) (0.025) (23.219)
Articles of concrete, 10.599 -0.011 41.474 9.897 0.181 42.711
| 266
plaster & cement (0.137)  (0.035) (16.867) (0.157)  (0.041) (17.396)
Metal products 281 10.006  0.093 33.619 9.882 0.166 39.350
(0.108)  (0.028) (12.776) (0.138)  (0.037) (18.581)
Treatment & coating of 285 10.125 0.056 32.528 10.049 0.113 38.117
metals; general mechanical (0.127) (0.035)  (12.288) (0.131) (0.036)  (16.808)
engineering
) . 10.514 0.035 45.083 10.318  0.100 48.828
Special purpose machinery 295
(0.064) (0.016) (16.367) (0.069) (0.017) (19.129)
Furni 9.698 0.156 31.429 9.736 0.160 32.949
urniture 361
(0.085)  (0.022) (10.575) (0.071)  (0.019) (12.609)

Table 2: Relation between size (as number of employees) and labor pdoictivity in 1989 and 1997. OLS
estimates. Constant price log variables; standard errorsn brackets; coe cients signi cant at the 0.05 level

are in bold. See also Fig. 2, left panel.Lab: Prod is the average cost of labor for rms in every sector, in
thousands of euro.

where =log . If = 0, then the amount of value added produced per worker does ino
depend on the size of the rm. As shown by plots in Figure 2, tiis not the case, and labor
productivity does indeed depend on rm size through an inceesing relation. Again, note that,
as before, choosing per capita (left panel) or per hour (rigpanel) labor productivity does not
a ect the analysis. Statistical signi cance of coe cients in Table 2 supports the hypothesis
that bigger rms enjoy higher levels of labor productivity.

Comparison of average labor productivity over time (third olumn of each year in Table
2) shows that such measure of e ciency is increasing in all bwne sector (ISIC code 222).

Inspection of coe cients in Table 1 and 2 one at a time does not allow to recar if one
of the e ects is overwhelming the other one, that is, it is nopossible to answer the question
if the increasing relation between size and productivity isu cient to compensate a cost of
labor which is also augmenting with the number of employee#t is then necessary to build a
measure that provides a succinct picture of the relation beten cost of labor and productivity
at di erent levels of rm size.

To this end we are going to consider as a proxy for unit labor sbthe ratio between total

8
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Figure 3: Relation between size (as number of employees) and unit lalaost (as cost per worker over labor
productivity, c= ) in four dierent ISIC 177, 285, 295 and 361. Variables are inlog.

labor cost and value added (see also Kravis and Lipsey (1982UC = W=V A Given the
very likely occurrance of positive per capita value-addedinit labor cost takes values in the
interval (0; 1] (and when variables are in log, L ;0]). Quite obviously, a value of the ratio
close to zero (one) suggests a very low (high) incidence dbda cost on value added, as such,
unit labor cost also provides a rst account of distributiveshares.

We investigate the relation between unit labor cost, as de@&d above, and rm size, tting
the linear model

i(t)

Results for ISIC sectors 177, 285, 295 and 361 are displayadrigure 3. Coe cients for
all sectors are in Table 3. The plots do not display any cleaelation between the variables of
interests. On the contrary to previous tables, parameters are only seldomly signi cant, and
almost never for the latest period of investigation. The fewoe cients one might comment
upon are positive, suggesting that at rst, bigger rms haveto bear, on average, a higher unit
cost of labor.

Then, pursuing to identify which of the two trends emerge as are in uential we repre-
sent the relation among the variables of interest by means afmultivariate kernel regression
(Bottazzi et al., 2006). This is a non-parametric techniquevhich allows the representation

S+ @



SECTOR ISIC 1989 1997

Code UnitCost UnitCost
Production & processing 151 -0.618 0.041 0.707 -0.367 -0.007 0.865
of meat (0.111)  (0.027) (0.7712) (0.133) (0.032) (2.089)
Knitted & crocheted 177 -0.621 0.062 0.721 0.000 -0.064 0.916
articles (0.091)  (0.023) (0.248) (0.151) (0.039) (0.981)
Wearing apparel & 182 -0.242 -0.018 0.761 0.281  -0.115 1.066
accessories (0.048)  (0.012) (0.196) (0.073) (0.019) (3.947)
Footwear 193 -0.215 -0.019 0.767 -0.085 -0.028 1.089
(0.056)  (0.014) (0.185) (0.122) (0.032) (2.678)
Articles of paper and 212 -0.685 0.042 0.615 -0.531 0.011 0.676
paperboard (0.077)  (0.019) (0.151) (0.105) (0.026) (0.559)
Printing and services 299 -0.644 0.062 0.685 -0.416 0.036 0.919
lated to printin
rela P 9 (0.063) (0.016) (0.175) (0.114)  (0.030) (1.761)
Plastic products 252 -0.788 0.069 0.630 -0.370 -0.020 0.755
(0.065) (0.016) (0.381) (0.083) (0.021) (1.378)
Articles of concrete, 266 -0.787 0.077 0.670 -0.215 -0.033 0.774
plaster & cement (0.102) (0.026)  (0.758) (0.123) (0.032)  (0.533)
Metal products 281 -0.619 0.059 0.706 -0.398 0.022 0.819
(0.083)  (0.022) (0.342) (0.121)  (0.033) (1.026)
Treatment & coating of 285 -0.617 0.045 0.653 -0.357 0.000 0.755
metals; general mechanical (0.090)  (0.024)  (0.150) (0.106) (0.029)  (0.431)
engineering
. . -0.674 0.065 0.702 0.389 0.012 0.762
Special purpose machinery 295
(0.054)  (0.013) (0.444) (0.060) (0.014) (0.408)
Furniture 361 -0.347 -0.007 1.183 -0.191  -0.034 0.773
(0.081)  (0.021) (10.864) (0.060) (0.016) (0.372)

Table 3: Relation between size (as number of employees) and unit lalsacost in 1989 and 1997. Constant
price log variables; standard errors in brackets; coe cieris signi cant at the 0.05 level are in bold. See also
Fig. 3.

of relations among variables without imposing any priori structure on the data themselves
(see Pagan and Ullah (1999) and Hardle et al. (2004)). Heréé interest is to estimate the
conditional expectation of the logarithm of value addedya, given the size and the total cost
of a rm, respectively, | and w.

Z

Eva(tw) = vaf (vajl:w)dva= — & vailwjdva

f(l;w) ©®)
where f (va; l;w) is the joint probability density of having value added leve va, sizel

and labor cost equal tow. Replacingf (va;l; w) with the multivariate kernel density esti-
matesf'(va;|; w) a kernel estimation of the expected value addefl (vaj(l; w)) can be de ned

10



va
va
Bty
(&}

L P o S S o o o e

va
va

Figure 4: Kernel estimate of the conditional expectation of value adad E(vaj(l;w)) in 1997 in 4 dierent
sectors, starting top-left and moving clockwise, ISIC 17, 8, 29 and 36. The estimation is computed in 50
points.

(Silverman, 1986)
X I w wi
va K —;
LT TR Th,
X K | ||’W Wi
h hy

Elvaj(l;w)] = - (6)

i=1

The resulting conditional expectation functionsE (vaj(l; w)) for four sectors are shown in
Fig. 4. To each combination of (log) sizé and (log of) costw, on x and y axis corresponds
the relative level of (log) value addedra, on the z axis. Using the kernel estimation technique,
smooth surfaces have been obtained from the discrete set®b$ervations. As a reference, the
location of the observed amount of inputsi(w) has been reported on the basis of plots. The
use of logarithmic scales allows us to represent rms of veds erent dimensions on the same
plot so that the identi cation of possible patterns becomepossible.

Plots in Fig. 4 are realized with data aggregated at the 2 Digsectoral level in order to
account for the data requirement of non-parametric analysiin terms of number of observa-
tions.

Some features of Fig. 4 are more explicit, whereas others ele® more accurate comments.
First of all, as might be expected after the bivariate analys, the plots corroborate the hy-
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pothesis that cost of labor is, on average, increasing both size and productivity®. Again,
as the analysis in Bottazzi et al. (2006) revealed for the mion between the mix of inputs
and output, the non-parametric analysis enables to betterppreciate the substantial diversity,
both in terms of e ciency and labor force structure, of the rms which are involved in the
same production activity and competing in the same sectornlthis respect, Fig. 4 con rms,
additionally to an already well-documented heterogeneitin rms' size (Bottazzi et al., 2007),
the width of the support of the distribution of labor productivity and how it impacts on the
cost of labor.

Further, cost of labor appears to be slightly more sensibleotvariation in productivity
than size. Then, since the relation among variables does ndisplay any clear non-linearity,
we proceed to t a parametric linear multivariate model whid allows to explicitly account for
and estimate the residual e ects of size, once we have elegit the cross-correlation between
labor cost and productivity.

3.2 A multivariate parametric approach

The previous paragraph suggested that the scale of the adtitself does a ect both cost of

labor and productivity. We now address this issue in a multariate linear framework which

allows to assess the e ects of size and cost on value added. eT$peci cation of the model
chosen at this stage, will enable us to enrich the analysistés on, see Section 4, introducing
how di erent structures of labor force matters in shaping tle rm wage-size relation. In the

following we start tting the model

In(Wi) = 1+ 2In(Li)+ 3In(VA)+" (7)

We rearrange terms in equation (7), divide by total number okemployees,L, and express
the left-hand side in terms of unitary cost of labor,C; = W;=L;, to get results in a more
straightforward form to interpret

|n(¥): 1+( 2+ 3 DIn(L)+ sIn( )+ " (8)

where zand =( ,+ 3 1) are labor cost elasticity to productivity and the residu
e ect of size, respectively. Since the residuals of OLS estation clearly display a Laplacian
shape, rather than a Gaussian one, we employ minimum absauteviation (MAD) as a
robust estimation technique (Huber, 1981; Press et al., 18P Results of regressions both
for OLS and MAD for year 1993 are reported, sector by sectormn iTable 4. Coe cients
accounting for the impact of productivity on labor cost, capured by 3, con rm the positive
relation which also emerged in the non-parametric analys Figure 4. All coe cients are
positive and statistically signi cant; again the heterogeeities in the magnitude of parameters
well account for existing di erences between sectors. At thsame time, all 3 display an
increasing trend over time, re ecting a higher responsivexss of unitary cost for labor to
employer productivity. Even more interesting in the settirg of equation 8 is that it allows to
evaluate, by means of parameter, for the residual e ect of size on labor cost once accounted
for the relation with productivity. Coe cients is positive and signi cant for all sectors in
the analysis and irrespectively of the econometric technig employed, meaning that, net of
productivity e ect, cost is increasing in size. To repeat, Bhough we do not condition here

8The trend appears somewhat more noisy at the extreme of the dtribution of labor productivity, y axis.
This is due to the smaller number of observations in those aras.
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SECTOR ISIC OoLS MAD

Code . 3 . 3
Production & processing 151 2.434  0.0707 0.25 2.26 0.073 0.29
of meat (0.105)  (0.012) (0.024) (0.079) (0.009) (0.018)
Knitted & crocheted 177 1.77 0.0897 0.335 1.07 0.083 0.426
articles (0.068) (0.012) (0.017) (0.048) (0.008) (0.018)
Wearing apparel & 182 1.274 0.069 0.485 1.074 0.058 0.559
accessories (0.034)  (0.007) (0.009) (0.024) (0.005) (0.006)
Footwear 193 1.29 0.073 0.477 0.956 0.033 0.614
(0.058) (0.011) (0.015) (0.039) (0.007) (0.009)
Articles of paper and 1.72 0.088 0.395 1.645 0.09 0.415
board 212
paperboar (0.097) (0.012)  (0.023) (0.075)  (0.009)  (0.017)
Printing and services 299 1.38 0.083 0.509 1.39 0.083 0.506
related to printing (0.09) (0.013) (0.023) (0.07)  (0.009)  (0.017)
Plastic products 252 2.19 0.131 0.245 2.08 0.117 0.287
(0.065)  (0.01) (0.014) (0.046) (0.007) (0.01)
Articles of concrete, 266 2.14 0.12 0.277 1.823 0.079 0.391
plaster & cement (0.099) (0.016) (0.019) (0.073) (0.018) (0.014)
Metal products 281 1.45 0.107 0.459 1.335 0.084 0.509
(0.082) (0.012) (0.019) (0.063) (0.009)  (0.0147)
Treatment & coating of 285 1.904 0.069 0.381 1.484 0.081 0.478
metals; general mechanical (0.082) (0.015) (0.0168) (0.061)  (0.011)  (0.012)
engineering
) . 2.25 0.072 0.321 2.03 0.069 0.378
Special purpose machinery 295
(0.067)  (0.007) (0.015) (0.048) (0.005) (0.011)
Furni 2.348 0.104 0.214 2.056 0.085 0.305
urniture 361
(0.052)  (0.009) (0.012) (0.0381) (0.0067)  (0.009)

Table 4: Minimum absolute deviation (MAD) estimates for cost of labor as a linear function of size and
productivity, for 1993. Estimated coe cient of equation 8. is the labor cost elasticity to productivity, 3 is
the residual e ect of size on labor cost. Constant price log ariables. Standard errors in brackets; coe cients
signi cant at the 0.05 level are in bold.

on employer characteristics, we do control for the relatiobetween productivity and labor
cost, that is exactly the supposed e ects of heterogenousilék in the workforce. Thus, the
evidence emerging from Table 4 is that of some relative advage of smaller rms over bigger
ones in terms of average cost of labor. This regularity has tme jointly considered with the
already well known trouble caused by limited access to crédif smaller rms to provide a more
comprehensive understanding of the so-called \constrasito growth” phenomenon a ecting
Italian rms. For germane discussions on nancial fragiliy that employ di erent database on
Italian rms, see Fagiolo and Luzzi (2006) and Bottazzi et al(2006).

Also note that this \size-e ect" varies a lot from sector to ctor, suggesting the existence
of \sectoral speci cities" that drive the way rms organize their production activity in di erent
sectors.
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Figure 5: Relation between size (as number of employees) and cost ofdar, respectively for production and
non-production workers, year 1993. Variables are in logs.

4 The relevance of labor force structure

Thus far, both the non-parametric analysis and the linear pametric speci cation we chose,
pointed at an intertwined contribution of productivity and size in determining the cost struc-
ture of a rm. In particular, the previous section showed tha even after accounting for
productivity, labor cost is still increasing with size.

With respect to the database employed, this result represena common regularity to all
sectors of investigation, with the expected inter-sectotali erences. As such this evidence
deserves some comments and clari cation. First, in the angdis we present here we do not
control for di erent production inputs, as for instance, dierent capital productivities, thus
we are not making any statement on generic measures of protiuty, i.e. TFP, or on the
relation between productivity and size, for these and otheissues, see Bottazzi et al. (2006).
Then the possibility remains that bigger size, in terms of nmber of employees, is compensated
by a more than proportional increase in market shares. Howev as shown in Bottazzi et al.
(2007), this objection would not hold since market share anemployment are proportionally
related.

This suggests us that a more promising direction of invesagion might be to explicitly take
into account di erences in organizational structures of ms operating in the same productive
sector but of heterogenous size, the rationale being that éient dimensions bear consequences
in terms of employment structure, i.e. a rms twice as big asr@ther one, will hardly be the
simple \duplication" of the smaller one. In the following weshall tackle this issue by analysing
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the diverse composition of employment at the rm level in tems of white and blue collars.

In this respect one has two main - and partly competing - thegs addressing the issue
of workforce composition in relation to wage and productity di erentials between employees
belonging to distinct groups, i.e. production and non-proaction workers. On the one side
one might conjecture that wage di erentials is the proportbnate monetary compensation to
di erent contribution to rm's output as in the hierarchica | (or \tournament") model of pay
distribution (Lazear and Rosen, 19813°

Alternatively, one might favor a more comprehensive intemgtation which would also en-
compass, beyond individual workers' di erences, also lab@orce structure as a relevant factor
in explaining wage di erentials among rms, as for instancein hierarchical theories of the
rm (Simon, 1957).11

We account for such a possibility running two di erent regrasions for white and blue
collars' wages and their responsiveness to rm size. A pnalinary evidence of a di erent
impact of size on the earnings of blugersuswhite collars is provided by Figure 5 and Table
5, which displays the estimated coe cients of the simple limar model

Gi = ;+ jli+"; j=W;B 9)
wherecy.; and cg;; denote the logarithm of unitary labor cost of rmi for white and blue
collar workers, respectively. Coe cients in Table 5 and theplots in Figure 5 both show that,
irrespectively of rm size, white collars earn more than bla collars; this trend is accounted
for by the di erence in the estimated intercept for producton/non-production workers?. This
regularity per seis not a surprising one, for it might be well expected that whe collars are
on average paid more than blue collars. What is more pertamy to the present analysis is
the di erences in the values of the coe cients for the two groups. This di erence supports
the conjecture that, on average, white collars' wage is alsnore responsive to size than blue
collars' salary. Though we are not conditioning on individal's characteristics, this result
shows that two di erent degrees of wage responsiveness taesimatter in determining the
wage structure of the rm. This result, together with the resdual e ect of size on total cost of
labor reported in Table 4, call for a further investigation 6 the issue of labor force structure.
We proceed to consider the scaling relation of costs for drent categories of workers by
tting the following expression

Cegi = B+ slei+ wlwit+"i; (10)

wherelg and |y, are respectively the logarithm of the number of blue and whgt collars.
The coecient g captures the e ect of an increase in size for that category @mployees,

%0ur database enables us to distinguish between production orkers (comprising factory workers, ap-
prentices and work-from-home arrangements) and non-prodction workers (including employees ranging from
entry-level administrative positions to executive). In th e following we will use production workers/blue collars,
on one side, and non-production workers/white collars, on he other, as synonyms.

10This explanation is grounded in neoclassical economics and ciency wage theory and it argues that a
relatively dispersed pay structure will attract talented e mployees and motivate high individual performances as
a consequence of the substantial rewards on o er (Beaumontrad Harris, 2003). But similar arguments could
also lead to opposite e ects as greater pay dispersion willmpact negatively on individual and organizational
performance (Akerlof and Yellen, 1990).

n his seminal work (Simon, 1957, p. 33) also consider the relof the number of layers, which makes up
the labor force structure, in a ecting the total cost for lab or of rms (see also Calvo and Wellisz (1979) and
Van der Meer and Wielers (1998)).

2Magnitude of the di erence might look negligible, but one has to bear in mind that variables are in log.

15



Prod. Workers Non Prod. Workers Prod. Workers Non Prod. Workers

ISIC ISIC
15 10124 0043 10.043  0.120 052 9.852  0.090 9.853  0.186
(0.051)  (0.013) (0.077)  (0.019) (0.044)  (0.011) (0.063) (0 .016)
177 9.533  0.079 9.653  0.130 66 10108 0046 10.007  0.143
(0.055)  (0.015) (0.088)  (0.022) (0.076)  (0.020) (0.087) (0 .023)
182 9.262  0.112 9.412 0171 081 9.915  0.073 9.797  0.160
(0.041)  (0.011) (0.068)  (0.017) (0.064)  (0.017) (0.084) (0 .023)
103 9534  0.081 9.414  0.190 g5 10038 0015 9.852  0.130
(0.059)  (0.016) (0.084)  (0.022) (0.075)  (0.021) (0.108) (0 .030)
012 9.912  0.079 9.897  0.161 05 10351 0015 10.376  0.082
(0.057)  (0.014) (0.079)  (0.020) (0.034)  (0.008) 0.047) (0 .012)
0p 10106 0111 10.091  0.180 361 9.869  0.069 9.842  0.135
(0.061)  (0.016) (0.076)  (0.020) (0.038)  (0.010) (0.058) (0 .015)

Table 5: Relation between size (as number of employees) and cost of guuction and non-production workers
in 1993. OLS estimates. Constant price log variables; stanard errors in brackets; coe cients signi cant at
the 0.05 level are in bold. See also Equation 9 and Fig. 5.

whether y controls for the residual e ect due to the number of non-prodction workers. We
perform the same analysis also with respect to unitary costf evhite collar, ¢y, tting the
model

owi = wt wlwit+ glgi+"i: (11)

Table 6 reports the estimated coe cients and standard err@; again due to non-normality
of the residuals we report MAD estimates. Comparison of thesemates for the unitary costs of
labor for production and non-production workers reveals #t white collars' wage is positively
related to an increase in employment in the other category,sashown by the positive g
coe cients in the last column of Table 6. On the contrary, this is not the case for production
workers as can be inferred given the lack of signi cantly pdsre \y coe cients reported in
the third column of Table 6. This evidence con rms and qualies the results of Figure 5 which
displays a higher responsiveness of non-production workewage to rm size. Evidence from
Table 6 shows, indeed, that the earnings of white collars depd not only on a general measure
of rm size (as the total number of employer in Figure 5), but &0, more speci cally, on the
number of production workers.

Such regularity further supports the hypothesis of the relance of labor force structure
in shaping the cost of labor bore by rms. We then proceed to vy if the data display any
scaling relation between the number of workers of varioustegories. To account for possible
non-linear trend we t the relation

Lw= + Lg+"; (12)

where Ly and Lg are respectively the number of white and blue collars. Estiated
coe cients of OLS regression are reported in Table 7. Di erst values of the scaling parameter
in di erent sectors point at some speci city in the structure of labor force. The coe cients
ranging from Q5 to 1:5 stand for di erent degrees of responsiveness of labor ferstructure to
an increase in the number of production worker.
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SECTOR ISIC Production workers Non Prod. Workers

Code B B w w w B

Production & processing 151 3.757 0.061 -0.024 3.514 0.110 0.035
of meat (0.038) (0.012) (0.015) (0.059) (0.022) (0.019)
Knitted & crocheted 177 3.485 0.077  -0.049 3.374 0.038 0.122
articles (0.035) (0.008) (0.011) (0.056) (0.017) (0.012)
Wearing apparel & 182 3.489 0.117  -0.088 3.527 -0.047 0.166
accessories (0.030) (0.005) (0.009) (0.044) (0.013) (0.008)
Footwear 193 3.733 0.160 -0.149 3.456 -0.010  0.155

(0.043) (0.010) (0.014) (0.068) (0.022) (0.015)
Articles of paper and 212 3.632 0.103  -0.038 3.683 -0.003 0.150
paperboard (0.039) (0.011) (0.015) (0.060) (0.023) (0.017)
Printing and services 299 3.617 0.063 0.006 3.535 0.085 0.090
related to printing

(0.039) (0.010) (0.014) (0.051) (0.018) (0.013)
Plastic products 252 3.623 0.104 -0.044 3.545 0.093 0.075

(0.028) (0.007) (0.010) (0.046) (0.016) (0.011)
Articles of concrete, 266 3.746 0.070  -0.059 3.665 0.021 0.103
plaster & cement (0.052) (0.013) (0.018) (0.060) (0.021) (0.015)
Metal products 281 3.764 0.101  -0.079 3.618 0.007 0.125

(0.040) (0.009) (0.014) (0.057) (0.019) (0.013)
Treatment & coating of 285 3.856 0.109  -0.094 3.711 -0.013 0.147
metals; general mechanical (0.045) (0.009) (0.015) (0.070) (0.024) (0.015)
engineering
Special purpose machinery 205 3.880 0.064 -0.064 3.983 -0.029 0.087

(0.018) (0.005) (0.006) (0.028) (0.010) (0.007)
Furniture 361 3.572 0.084  -0.042 3.494 0.033 0.092

(0.024) (0.006) (0.009) (0.039) (0.014) (0.009)

Table 6: Scaling of unitary cost to di erent categories of workers. Coe cients of equation 10 and 11 are
estimated with MAD. Standard errors in brackets; coe cient s signi cant at the 0.05 level are in bold.

To get a more straightforward, visual representation of tis relation we thus plot in Figure
6 the following (log-linear) relation:

lW: + |B+"i; (13)

where again, low-case letters denote logarithms. Figure &plays the relation between the
(log of) number of white and the (log of) blue collars and, as guide for the eye, the linear t
and a non-parametric kernel regression. The plots show thgigtence of non-linearities in the
relation between variables, in particular, the linear t wdl describes the relationship for bins
around the sector average number of blue collars, but thism®t the case for observations at the
extreme, both in the bottom left and upper right region of plés. All sectors in Figure 6 display
an \U" relation, meaning that, taking as a reference the linar t, small and big rms employ
more non-production workers than average-sized rms. Giwethe properties of our database,
discussed at length in Section 2, and more in general of lt@h industrial organization it is not
possible to put too much emphasis on the implication for smal rms, incidentally also note
that for special purpose machinery (ISIC 295) the number ofam-production worker at the
smallest bin exceeds the number of production ones. It cardieed be the case that for smaller
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ISIC ISIC

151 0.790 0151  1.035 — 0.194  0.167 1.104
(1.258) (0.038) (0.034) (0.520) (0.023) (0.023)
177 1.587  0.054  1.152 266 1.625  0.079  1.255
(0.753)  (0.025) (0.076) (0.636) (0.018)  (0.041)
182 1.940 0.008  1.523 o8l 2.941 0021  1.479
(0.478)  (0.001)  (0.020) (0.319)  (0.003)  (0.020)
103 -4873 1220 0551 085 1.826 0032  1.363
(1.003) (0.284)  (0.034) (0.373)  (0.011) (0.069)
012 3.667 0.017  1.477 ho5 0523 0328 1.076
(0.447)  (0.002)  (0.018) (1.030)  (0.044) (0.021)
- 0521 0155  1.113 361 -1.015 0270  0.997
(0.365)  (0.008)  (0.006) (0.489)  (0.038)  (0.025)

Table 7: Relation between number of white and blue collars, see Equain 12. Standard errors in brackets;
coe cients signi cant at the 0.05 level are in bold.

rms, positions, roles and duties are not so much sharply disguished between categories of
workers and that promotions are likely to be accorded to woeks as a sort \loyalty reward"
with employees keeping very much their previous tasks, soahwe can observe this \weird"
distribution of non-production as compared to production wrkers. On the contrary, when
bigger rms are concerned, this sort of disclaimer does nopply, consequently, we can infer
that beyond a certain - sector speci ¢ - threshold, the numlyeof non-production workers grows
more than proportionally in the number of blue collars.

5 Conclusions

In this paper we have shown the existence of a rm size-wagepalso for Italian manufac-
turing rms (c.f. Figure 1 and Table 4). This appears as a robst regularity as it holds over
time and across all sectors under investigation. Further @hmore compelling for the analy-
sis, this relation remains true even when explicitly accoting for the various levels of labor
productivity that characterize di erent rms.

Our results are well in tune with the ndings in Brown and Medo (1989) where individual
worker skills leave unexplainedne-half of the wage di erentials. This suggests that such wage
gap cannot be satisfactorily accounted for only by recurrgnto the conjecture of proportionate
monetary compensation to di erent worker's contribution o rm's output. To this end a
complementary and promising approach is to explicitly calinto play the di erent categories
of workers, i.e. production and non production, and their ippact on the structure of labor force
in shaping the overall wage arrangement of rms. In this regxt we nd that non-production
workers' wage is more responsive to increase in size, whettiee salary of production worker
is almost at to raise in dimension. Clearly, this is in addiion to a quite straightforward
di erence in the average earnings of the two categories. Rber, the analysis of scaling relation
between the number of white and blue collars displays the esxence of non-linearities. In
particular, the \U" relation (Figure 6), which is common to all sectors, reveals that a higher
than proportionate number of non-production workers is enmpyed in bigger rms. Such
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Figure 6: Relation between number of white and blue collars in 4 secta at 3 Digits for year 1993. Linear
t (standard errors in brackets) and non-parametric kernel regression.

organizational arrangement, joint with the higher responseness of white collars' wage to rm
size, o ers some complementary interpretations of troub$ea ecting the growth processes of
Italian rms. In particular, it lends support to a \hierarch ical theory" of the rm in that,
given di erent average rewards for the various categories workers, a di erent setting of the
labor force bears consequences on the total cost for labort the same time, the \U" relation
in Figure 6 highlights some interesting features for the \n@ication and scale" perspective, see
also (Dosi and Grazzi, 2006, pp. 180-190).

Concluding, as far as labor regulation, on one side, and caomate practice, on the other, are
concerned the present work o ers some compelling evidenaalasome - far from being resolving
- policy interpretation of the results. Our ndings stand fa the necessity to complement the
\constraints to growth" analysis with a joint assessment ofcost of labor and labor force
structure together with better known sources of distress,safor instance, limited access to
credit for smaller/ younger rms.
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