The Effects of Payroll Tax Subsidies for
Low Wage Workers on Firms Level
Decisions

Bruno Crépon (CREST)
Rozenn Desplatz (Direction de la Prévision)

(June 2002)

We would like to thank Denis Fougere, Francis Kramarz, Francoise Maurel, Guy Laroque, Jean-Luc
Tavernier and more generally participants at CREST, INSEE and Direction de la prevision seminar.

Corresponding author : Bruno Crépon CREST, Timbre J310- 15, bd Gabriel Péri - BP 100 -
92245MALAKOFF. E-mailcrepon@ensae.fr




Abstract

We study the effect of the large increase of payroll tax subsidies for low-wage workers that occurred in
France in 1995 and 1996. The analysis is based on a key treatment variable : the ex ante changes in
average labor costs in 1994 solely due to the changes in the tax subsidies between 1994 and 1997. This
ex ante reduction in average labor cost is computed using the “Déclarations Annuelles de Données
Sociales” (DADS) in 1994, an exhaustive employee level file providing us with the wage of each
worker in each firm. To evaluate this program, we extend the Rubin causal framework to the case where
the economic policies involve a continuous treatment and we define the ensuing parameters of interest.
We make the assumption of independence conditional on observable and generalize the Rosenbaum
and Rubin (1983) propensity score property. We propose an estimation method based on the
implementation of nonparametric series estimators. We find that, between 1994 and 1997, payroll tax
subsidies are associated with very strong employment effects in the economy as well as on other firms
outcomes like the stock of capital, the share of unskilled workers and the average labor cost.

Keywords: Tax subsidies, matched employer-employee data, econometric evaluation methods,
selection bias, semiparametric estimation, series estimators.
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1. Introduction

Payroll tax subsidies for low-wage workers were set up in France in 1993 in order to fight against the
disappearance of unskilled jobs. The implementation of such policy is the opportunity to examine the
effects on employment of policies aimed at skewing the wage distribution at the bottom of this
distribution like changes in the minimum wage. The initial scheme of 1993 was considerably
strengthened between 1995 and 1996. The purpose of this paper is to evaluate the effect of this large
increase on employment and other firm level variables.

Detecting and measuring the effect of such policies as usually been difficult and their importance on
labor market outcomes is still a matter of considerable debate (see the discussions surrounding the Card
and Krueger’, 1995 study). Some studies are based on the estimation of structural models as Meyer and
Wise (1983) and Laroque and Salanié (2002), but most studies focus on policy changes that they treat as
natural experiment. One important difficulty faced by researchers however is to find a proper control
group. Some have used aggregate data on employment in some industries in different states as in Card
and Krueger (1994). On the opposite Abowd, Kramarz, Margolis and Philippon, (2001), use individual
employee data and define their control group as workers just above the future level of minimum wage.
Kramarz Philippon (2001) uses the same idea to study the effect of payroll tax subsidies in France which
is the purpose of our paper.

We follow this route but base our study at the firm level which has the advantage of being well adapted
to account for substitutions between various types of workers and also allows us to study the effect on
employment as well as on other firm level variables. Our identification strategy relies on the fact that
firms are affected differently by tax subsidies because they do not all have the same wage distribution.
The firms that should priori benefit most from the program are those with the highest proportion of
low-paid workers. Using exhaustive wage information, we computed for each firm in 1994 the potential
change in the average labor costs, namelyethantereduction in average labor costs, solely due to the
changes in tax subsidies between 1994 and 1997. We compare the changes over the period 1994-1997 of
employment between firms with different ex ante cost reduction. However firms have characteristics
that influence both the ex ante labor cost reduction and the evolution of employment. For example, low
productivity firms are likely to be these most hit by the increase in international competition and thus
are more likely to reduce their employment, but they are also likely to be the firms with lots of low paid
workers benefiting therefore most from the policy. Hence, our approach necessitates the definition of a
suitable framework allowing us to handle this simultaneity problem. One other issue is the possibility to
identify the effects of the policy on firms’ outcomes using this framework. Namely, we have to justify
that there exist a source of variability in our ex ante reduction of average labor cost that does not directly
enter in the variation of employment?

To address properly the issue of simultaneity we start from the Rubin causal model (Rubin
1974,1977) and extend it to a continuous treatment case. This framework defines the causal effect
of a treatment as the contrast between the two potential outcomes associated to the treatment status.
The parameters of interest in this setting are mean values of these contrasts on different
subpopulations. Their identification is however not straightforward. The simultaneity problem
arises from the fact that potential outcomes and allocation to treatment are usually not independent.
There is an important distinction between the assumptions of selectivity on observables and
selectivity on both observables and unobservables. The assumption of selectivity on observable
assumes that conditional on a set of observables, treatment and potential outcomes are

! See Heckman, Lalonde and Smith (1999) for a comprehensive survey



independent. Matching treated and non treated with identical observables is the usual way to
estimate the parameters of interest. The so-cghexpensity score propertpf Rosenbaum and

Rubin (1983), allows to match individuals using only the probability of treatment given the
observables. Heckman Ichimura and Todd (1998), Hahn (1998) and Hirano, Imbens and Ridder
(2000) have recently proposed various estimators and have assessed the implications of the use of
the propensity score on semi parametric efficiency bodnds.

These methods are particularly well suited to asses the problems of selectivity and heterogeneity of the
treatment effect in the case of a unique treatment. The previous causal model as well as identification
and estimation in the case of selectivity on observables has been extended to the case of multiple
treatment by Lechner (2001) and Imbens (2000). Unfortunately these extensions are not directly usable
for the evaluation of tax subsidies, which concern all firms in the economy but differentially depending

on their proportion of low-wage workers. To identify the effects of tax subsidies, we extend the Rubin
causal model to the case of continuous treatment. We define various parameters of interest and show
how they can be identified under the assumption of selectivity on observables. We also extend the
Rosenbaum and Rubin (1983) propensity score property. We propose an estimation method based on the
implementation of non parametric series estimators (Andrews (1991)).

The data used in our empirical analysis comes from the matching of two sources: theB&Ré&fi¢e

Réels Normauxand the DADS Déclarations Annuelles de Données Socinl@se BRN is a firm level

file providing most accounting variables as well as employment. It accounts for 60% of the firms and
94% of the turnover. Firms with a turnover of more than 3.5 million francs are required to fill the
corresponding declarations annually. The DADS is an employee level file. Firms fill monthly
declarations about each of their employee, providing information about hours, wages, occupation, age
and gender. Statistical processing of the DADS became exhaustive starting in 1993. The file at our
disposal is the aggregation over the year of all the monthly declarations for a given employee-firm pair.
At present, the employees covered by the DADS represent almost 80% of dependent employment. This
file is used to compute the ex ante reduction of labor cost at the employee level which is then aggregated
at the firm level. We also use this file to obtain information about the heterogeneity of the workforce
using gender, skills and age criteria.

In the second part of this paper, we begin by setting out the statutory framework for the employer’s
payroll tax subsidies for the low-wage workers. In Section 3, we use a factor supply-and-demand model
to explain the relationship between potential outcomes andxtamtelabor cost reduction. In Section 4,

we describe the data sources used to construct the samples as well as the definition of the variables of
interest and the control variables chosen and present preliminary results, assuming linearity and
homogeneity of the effect of the ex ante reduction in payroll tax subsidies. In Section 5, we present our
extension of the Rubin causal model to the case of a continuous treatment. Results are presented in
Section 6. We find that the payroll tax reduction for low wage workers have a strong effect on
employment and examine the robustness of this finding in several dimension. We especially examine

% The validity of the assumption of selectivity on observables is case specific. It has however been evaluated using
experimental and non experimental control data in Heckman, Ichimura, Smith and Todd, (1998) and Heckman,
Ichimura, and Todd, 1997). They conclude that when the set of available covariates is large enough and provided that
potential outcomes are taken in difference before and after treatment, the conditional independence assumption is
accepted, although the residual bias (insignificant), related to selectivity on unobservables, is sizeable compared to the
order of magnitude of the parameters of interest.

% |dentification of the parameters of interest when there are selectivity on both observables and unobservables has also
been extensively examined. Using Local Instrumental Variables (Heckman and Vytlacil (2000) have connected
identification and estimation using semi parametric versions of Heckman (1979) sample selection model with
instrumental variables methods proposed in Imbens and Angrist (1994).



the sensitivity of our result to the set of control variables used and find that the key control variable is
the level of total factor productivity. Results are used to provide an estimation of the number of jobs
created or saved in France by the policy. Our methodology is applied to other firm level variables. We
find numerous evolutions indicating that payroll tax subsidies had a strong effect on employment
through substitutions between inputs. Section 7 conclude.

2. Payroll tax subsidies for low wage workers in France

2.1 The measures taken since 1993 to reduce payroll taxes for the lower paid

Payroll taxes are an increasing function of wages in France. The employer-paid contribution is
substantial : at the minimum wage level it remained roughly stable over time, around 39.00% up to
1993. Starting this date, France implemented various measures to reduce payroll tax rates for low-wage
workers (Figure 1). The first measure was introduced on 1 July 1993. It consisted of an exemption of 5.4
points in employers’ payroll taxes for workers with monthly wage below 1.1 times the minimum wage
and 2.7 points for those with monthly wage between 1.1 and 1.2 times the minimum wage. This
program was extended in 1995. First, starting January 1, the two preceding wage thresholds were
increased to 1.2 and 1.3 times the minimum wage. Second, starting September 1, a new schedule was
introduced. At the minimum wage, the total exemption became equal to 18.2 points. From that point on,
the subsidy decreased linearly for all wages up to 1.2 times the minimum wage, where the reduction was
equal to 5.4 points. Between 1.2 and 1.3 times the minimum wage the subsidy was constant and equal to
2.7 points. The two programs were merged on October 1 1996 into a single one. The new reduction
consisted of a linear decreasing function of wage. The total exemption at the minimum wage remained
unchanged, equal to 18.2 points. The subsidy then decreased linearly for all wages up to 1.33 times the
minimum wage, where the reduction was zero. Initially planned to last until 1 January 1998, this single
degressive reduction has now been made indefinite and has even been extended in the context of the
mandatory reduction of the workweek to 35 hours.

[Figure 1 — Rules for the reduction in payroll taxes form 1993 to 1998]

2.2 The ex ante reduction of average labor cost associated to payroll tax subsidies

We calculate, at the firm level, the average antelabor cost reduction in 1994 associated with the
measures taken in 1995 and 1996. More precisely, using the grosswagg of employee j in firm i

in 1994, taken from the DADS (Annual Declarations of Social Data), we calculate two labor costs
according to the payroll tax schedules for 1994 (L94) and 1997 (L97). That is:

Cj,i,94(L 94) = (1"' T94(Wj,i,94) i,i,94
Cj,i,94(|—97) = (1"' T97(Wj,i,94))wj,i,94

where T94(iji’94) (and T97(ijiyg4)) is the payroll tax associated to the gross wage leve|,, and

the 1994 tax rule (respectively the 1997 tax rule). Ekeantereduction in the average labor cost at the
firm level is then equal to:



> (Cj,i,94(|- 97)_Cj,i,94(|- 94))

{ =10

- zcj,i,94(|—94)

i

This reduction ranges from 0% for firms having no worker paid below 1.33 times the minimum wage in
1994 to 9.5% for firms all of whose workers are paid the minimum wage. It increases with the
proportion of lower-paid workers in the firm.

Figure 2 and table 1 present different features of the distribution oexhantereduction in average

labor cost for manufacturing firms (energy and agricultural sectors excluded) and non manufacturing
firms (except financial sectors). They show that this distribution is heavily concentrated around low
values for theex antereduction but that the reduction is nevertheless substantial (between 1 and 6%) for
around half the firms.

[Table 1 - Ex ante reduction of labor cost]

[Figure 2 - Distribution of the ex ante reduction of labor cost in manufacturing and non
manufacturing sectors. |

3. ldentification of payroll tax subsidies effect using the ex-ante average labor
cost reduction

The approach we adopt to identify the effect of payroll tax subsidies consists of regressing the evolution
between 1994 and 1997 of a certain number of variables of interest (employment, average labor cost,
skill structure, etc.) on thex antecost reduction and a set of control variables. In this section, we
examine the conditions for the validity of such an approach.

For this purpose, we base ourselves on a labor supply-and-demand model with several types of
workers, which is set out in details in Appendix A. The wages prevailing in a firm are assumed to
be those equalizing supply and demand for each type of employee within the firm. Assuming
monopolistic competition in the product markets, the demand for labor is written as:

logN =2 ymy logcy +Zy « T logcy +u

where N and c are the vectors of employment and costs of the different types of workgrss the
diagonal matrix of their cost shares relative to total cost (including the cost of capital)2and and
2\ k, are the matrices of Allen substitution elasticities reduced by the price elasticity of demtrel
vector of perturbations that include technology and demand shocks.

The supply of workers addressed to each firm is simply defined as:

logN =Rlogw + v
Where w is the vector of gross wages aRdis the diagonal matrix of the elasticities of supply to gross
wages, andv the vector of firm specific component of wages.



Costs and gross wages are linked by the relationstip= (L+ T(w, ))w;, where T( ) is the payroll

tax rate function. It is that function which has been changed by the introduction of payroll tax subsidies
for low wage workers.

We show in Appendix A that based on the assumption:
Assumption (A-1)ithe categories of employees affected by payroll tax subsidies are complementary

the changes in the variables of interest from 1994 to 1997, such as growth in gross wages or in the
employment of different categories of workers, can be written as a function ekthatecost reduction

t, and firm specific characteristics:

Ayi = Ay(ZNNi ’ZN,Ki , Ri » TG, ’log(CKi97) - log(CKi94)’ Ui o7 = Uigar Vigr = Vi ga t; )
:Ay(q)Ayi ’ti)

We also derive the set of factor entering in theantdabor cost reduction :

t = t(zNNi ) ZN,Ki R TG, Iog(CKi94)’ Ui,94’Vi,94)

:t(cbti)

We thus derive from this model the three following results:

(i) the ex postvariables of interest can be defined as functions ofdkeanteaverage labor cost
reduction once it is assumed that the categories of workers affected by payroll tax subsidies are
complementary;

(i) the variables of interest depend on numerous factors that affect alsexttentelabor cost
reduction

(iii) there exist factors entering in thex antereduction but not in thex postvariable.

These are the individual firm effects; ,, and v, ,, which influence the distribution of wages in 1994

and hence thex antelabor cost reduction but have no direct effect on éxepostvariables since the
latter are taken in difference.

These results show that it is possible to evaluate the effect of payroll tax subsidies on the changes of the
variables of interest by comparing firms with differesx antelabor cost reduction. Given the existence

of numerous factors that are common to e antereduction and to the variables of interest, it is
necessary to make comparisons between firms showing similar characteristics. In practice, we approach
these characteristics through a set of observable variables. We thus make the following additional
assumption:



Assumption (A-2):0X such that®,, DCDJX andl(t|X) is non degenerated

The first part of the assumption ensures that the control varia¥|emake it possible to eliminate the

selectivity bias. The second part states thatXhevariables do not totally explain thex antelabor cost

reduction. It thus ensures that it remains a source of random variation specific &x thetecost
reduction. Firms with similar X can therefore benefit from differertantereductions.

One key issue to find control variables satisfying assumption A-2 concerns the unobserved terms in the
demands and supplies of labor for various types of workers. With respect to demands it is likely that
there is some tendency in these terms. This is consistent with the usual explanations of the decline in the

demand for unskilled workers. We model them as=ul® +u®t where ul’ is distributed as a
random walk. This implies that there is a strong positive correlation between the residual iu1994

and its variationu,y, — U,y, related to the firm-specific trend. To control for this common source of

variability, we introduce the levels in 1994 as well as their changes over preceding periods of the labor
productivity and the capital labor ratio. With respect to the supplies equations we base ourselves on the
results of empirical studies using matched enterprise and employee data. These studies show that firm-
specific component of variance is a major source of variation in compensation data (Abowd, Kramarz
and Margolis (1999)). This means that the unobserved terms in supplies equation are likely to be
strongly dispersed. Assuming these terms are distributed as random walks, we conclude that there is no

correlation between the two ternvs,, — v, and v,,, and that the variability of the latter is likely to be

important. Therefore, the existence of strong preexisting differences between firms in the wage levels
for given skills act as a random assignment to the policy.

Some factors are common to the two sétg and ®, . It is the case for the shares of the various types

of workers. They can be directly measured at the firm level by the shares in total hours worked for 18
categories of employees, created using sex, skilled level (3) and age groups (3). The other common
factors are parameters from the technology of production and the price-elasticity of demand. There is no
direct measure of these parameters. We introduce competition variables to approximate the unknown
parameter of the price-elasticity of demand. These are measured at individual level using the markup
and at the sector level by the import and export ratios as well as by the entry and exit rates. Accounting
for the possibility of substitution is of course very difficult. We can assume that there is no
heterogeneity among firm here. However, past values of firms decisions, as well as the share of the
various types of workers are related to the possibility of substitutions and can be used to mimic them.
We introduce therefore past values of the level and the changes in value added, labor productivity,
operating income capital ratio and the share of labor cost in the set of control variables.

The cost of capital enters the s&,, and can be directly measured using firms accounting information,

following Auerbach (1983). We also add other firm level financial variables in the set of control
variables. They consist of the share of debt in total financing anexhentevariation in the cost of
capital, measuring the variation induced uniquely by changes in taxation over the period. There was
indeed a major change in taxation over the period 1994-1997 (mainly an increase in the corporation tax
rate from 33.3% to 41.7%).

4. Data and preliminary results

4.1 Data



We mainly use two datasets: the BRN filBgnéfice Réels Normauwhich is a firm level dataset and

the DADS Déclarations Annuelles de Données Sociglagich is an employee level dataset. The BRN
declarations are filled annually by firms with a turnover of more than 3.5 million francs (1992 threshold)
whose commercial, industrial or craftwork activity is carried out for lucrative purposes. The files record
firms accounting information as well as total employment. It covers 60% of the firms and accounts for
94% of the turnover. The DADS are filled each month by any firm employing workers. They cover all
employers and their employees with the exception of paid agricultural workers and civil servants. The
files at our disposal are the aggregation over the year of all declaration for a given firm employee pair.
Statistical processing of the DADS became exhaustive starting 1993. However the quality of
information related to hours, which we use, is of bad quality in 1993. We therefore only use information
in these files starting 1994. At present, the employees covered by the DADS represent almost 80% of
dependent employment.

4.1.1 Variables computed from the BRN

Employment

The measure of employment in the BRN file is employment at the end of the year. It is a full-time
equivalent measure that accounts for part time workers.

Value added

The value added is defined as the difference between production and materials, added to production
subsidies minus value added tax and other accrued taxes or production subsidies. It is divided by value
added price index at the two-digit level of the French industrial classification taken from national
accounts. We therefore do not have a real measure of value added in volume, as price information at the
firm level is not available.

Average labor cost

The average labor cost is equal to total labor compensation costs (wages and payroll taxes) divided by
total employment.

Real capital stock

The real capital stock measure is computed as the gross book value of fixed assets including
construction, technical installations and other fixed assets. It is adjusted for inflation assuming all the
stock was bought in one time at a date computed as the difference between the considered year and the
age of the stock of capital. This age is itself defined as the product of an assumed life time of 16 years
and the ratio of the net to gross book value.

Operating income

Operating income per unit of capital is computed as the difference between value added and total labor
compensation.

Cost of capital

The measurement of the user cost of capital is firm-specific following Auerbach (1983). It is defined as
the sum of terms reflecting economic depreciation of assets and inflation and the mean of the costs of
debt and equity, weighted by their respective share in the firm’s financial structure. The debt cost is
measured as the observed average interest rate.

Ex ante change in the cost of capital

We calculate for each firm in 1994 the change in the capital cost, which is solely due to changes in taxes
over the period 1994-1997. It is obtained by comparing two capital costs, which are computed in 1994
from the firm accounts using the 1994 and 1997 tax rates.

Total cost

Total cost at the firm level is defined as the sum of total labor compensation and the product of the cost
of capital and the capital stock. Using this information, we also calculate the wage share in total costs
and the ratio between value added and total costs which approximates the mark-up.

Total factor productivity growth



Total factor productivity growth is defined as the difference between the growth rate of real value added
and the cost share-weighted average of the growth rates of labor and real capital.

Entry and exit rates

Entry and exit rates are computed at a three digit level following, Dunne, Roberts and Samuelson
(1988). We use BRN files for adjacent years and assume that real entry and exit are well measured by
the entry in and exit from the files.

Variables from the DADS

The DADS files provide information for each employee in each firm, on the total net nominal earnings
during the year, the individual's sex, date of birth, occupation, number of days and hours worked during
the calendar year. It also provides the status of the employee: full-time, part-time and intermittent
workers. We selected only full-time and part-time employees. This information is used to compute the
ex ante reduction in average labor cost detailed in Section 2 as well as the heterogeneity of the
workforce.

The heterogeneity of the workforce is measured as the share in total hours worked of various types of
workers. We consider 18 categories of employees, starting from three skill levels, three age levels and
gender.

Occupation

The DADS provide information about occupation at a 2-digit level. We create three skill levels: high
skilled workers (included business heads, senior executives and intermediate occupations), skilled
workers (skilled blue- and white-collar workers) and unskilled workers (unskilled blue- and white-collar
workers).

Age

We define three age groups: youngest employees (less than 25 years old), middle aged employees
(between 25 and 49 years old) and oldest employees (50 years old and more).

4.1.3 Outcome variables

Outcome variables are the changes over the period 1994-1997 (the years immediately preceding and
following the intensification of the payroll tax subsidies) of some variables of interest. They are
calculated as the logarithmic differences of these variables in 1997 and 1994. We mainly focus on
employment, but we also consider value added, average labor cost, capital labor ratio, labor
productivity, productivity of capital and the share in total hours worked of unskilled workers.

4.1.4 Control variables

The control variables we introduce are the level of some variables in 1994 and, for some of them, their
average changes over a passed period. In this case, the changes considered are the changes between th
first year a firm was present in the BRN files starting 1989, and 1994. For past characteristics of firms
reflecting demand shocks, we consider the logarithm of value added and its average change. For past
characteristics reflecting technical progress shocks, we take the logarithm of labor productivity as well
as the average growth in total factor productivity, the logarithm and the average difference of the
logarithm of the capital labor ratio. The competition variables are measured at individual level by the
markup (absolute level and changes). At the sector-level, we use the import and export ratios (two-digit
level, available from the national accounts), together with the entry and exit rates (three digit level). The
financial variables consist of the user cost of capital, the share of debt in total financing as welkkas the
antevariation in the cost of capital. Last, we introduce the shares in hours worked of the 18 categories
of employees measured using the DADS in 1994. The set of control variables also includes the share of
wages in costs at individual firm level and the average cost and share of unskilled workers at the two-
digit sector level. This last variable is obtained by aggregation of the DADS information.



The construction of the sample is set out in details in appendix C. It consists of 87,720 firms, of which
34,371 (39%) are in manufacturing and 53,349 (61%) in non manufacturing. These firms employ a total
of 3,772,941 people, of whom 2,053,777 (54%) work in manufacturing and 1,719,164 (46%) in non
manufacturing.

4.2 Preliminary results on employment and payroll tax subsidies.
A first way to examine the effect of payroll tax subsidies and employment consist in regressing the
growth rate of employment on tlex antelabor cost reduction and the different control variables:

(2) Ay, =at; +x;b+u;,
where Ay; represents the growth rate of employment between 1994 and 199%7e averagex ante

labor cost reductionx; the control variables andi; the error term. In this initial specification, the

impact of a marginal increase in thex antelabor cost reduction is assumed to be constant (linear
relationship) and identical from one firm to another.

Two parameters of interest can be deduced from regression (1). The first one is the slope parameter
which indicates the sensitivity of employment to tleantereduction in average labor cost. It has no
structural interpretation. The elasticity of employment to éixeantecost reduction combines various
parameters of the supply and demand of factors that cannot be disentangled (see appendix A). The
second parameter that can be deduced from regression (1) is an evaluation of the increase in the growth
rate of employment due to payroll tax reduction : for each firm, the growth attributable to payroll tax

subsidies is obtained by comparing tee postsituation of firms Ay, with the one that would have
prevailed in the absence of tax subsidis, (O) =X;b+u;. Itis then defined by:

2) E[wi (ay, -y, (0))] =a E[wi L ]

wherewm; is a normalized weighting variableo;, = N, /E(Ni) and N; denotes employment at the firm
level in 1994.

Results are presented in table 2. The first two columns, labeled as “Elasticities”, provide the slope
parametersa for both manufacturing and non manufacturing sectors. The last two columns show the
growth rates attributable to the tax subsidies. The results clearly show a positive and significant
relationship between employment and te antelabor cost reduction. An increase in tlex ante
reduction of 1% leads to a rise in employment of 1.6% in manufacturing and 1.8% in non
manufacturing. The corresponding growth rates of employment attributable to the policy are
respectively 1.3% and 2.4%.

We also apply this simple procedure to other outcome variables. Table 2 also reports results for average
labor cost and the share of unskilled workers. Results clearly show a sharp negative effect of the ex ante
reduction on average labor cost as well as a positive effect on the share of unskilled workers. Both
results thus indicate that the employment effect is probably linked to strong substitution effects among
workers.

[Table 2 : Effect of the ex ante reduction in labor cost on employment and other firm variables
between 1994 and 1997.]
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We examine the sensitivity of our results to the choice of control variables. Table 3 present results when
only a subset of the previous variables is introduced. We consider five types of variables: past values of
firm-level variables (value added, labor productivity, capital labor ratio, ratio of operating income over
capital, mark-up, wage share), past values of the changes of these variables (value added, capital labor
ratio, total factor productivity, ratio of operating income over capital, mark-up, wage share), financial
variables (cost of capital in level and evolution, debt raBaantevariation in the cost of capital
associated with fiscal policy change), the skill structure (share in hours of 18 types of workers) and
sector-level variables (entry and exit rates, import and export ratios, average labor cost of unskilled
workers, growth rate of unskilled workers). For each type of variables we consider two control sets. In
the first one we just introduce the considered subset, this is labeled as column “Just with” in Table 3. In
the second one all variables of the total set are included but the considered subset. The corresponding
results appear in the column labeled as “Without” in Table 3. For both sectors there is a substantial
difference between the results obtained with subsets that inclirdelevel variables and the others.

The value of the estimated slope parameter is small when this set is not introduced. Once introduced, the
estimated slope parameters are substantially higher and do not depend strongly on the additional
introduction of part of the other sets.

[Table 3 : Sensitivity of the slope parameter to control variables.]

Among the variables in level, the labor productivity plays a key role. When introducing only labor
productivity, the elasticity of the treatment variable in manufacturing is 2.24 and 1.29 in non
manufacturing. These values are close from the results obtained with the whole set of control variables.
Introducing only total factor productivity produces similar results (defined as the residual of the
logarithmic regression of labor productivity on the capital-labor ratio). In the analysis sketched out in
Section 2, the treatment depend on the level of productivity and the way wages are set. The changes in
employment depend on the treatment and the changes in productivity. A possible interpretation of the
key role of total factor productivity is that firms with low total factor productivity are likely to be those

for which things are getting worse and therefore those which are more likely to experience a reduction
in their employment. Indeed the coefficient of total factor productivity in the previous simple regression
of employment growth is positive.

5. Extension of the Rubin causal model to continuous treatment

In this section we extend the Rubin causal framework (Rubin (1974)) to the case of a continuous

treatment and define the suitable parameters of interest. We also demonstrate their identification under
an extended form of independence conditional on observables (Rubin (1977). We extend the propensity
score property of Rosenbaum and Rubin (1983). Finally, we propose a semiparametric estimation
method based on series estimators, using Andrews (1991) results.

5.1 Notations and definition of individual effects

Rubin’s initial framework considers the effect of a binary treatment. The causal effect of the program on
one variable of interesy; is defined as the difference of two potential outcon},e(i)i and y(O)i

corresponding to what would be the situation of individual if they receive or not the treatment As
potential outcomes are not simultaneously observable, it is not possible to identify directly the
individual causal effect.

11



In the statistical model considered here, firms £1,...,N, can receive any treatment t falling in

the interval l;,f]. The model introduces for each firm as many latent output variaplés as there

are possible treatments t. As in the one treatment case only one of these variables is observed,
namely the one associated with the treatment that the firm has in fact receiveq(t;e.. This fan

also be written as:

Y =1y, (03, (t)at
Whered, is the Dirac function in; .
We consider various individual effects of the measure defined from the latent variattgs By

analogy with the Rubin causal model, one can compare for an individual the situations in which she

benefits from treatmentg and t,,

Ci (to , tl) =Y;(t) —yi(ty).
A closely related parameter is the effect of a marginal increase in treatent
d; (to): ay; (to)/at

We also consider the difference between the observed outcome and one potential outcome
associated to a given common value of treatmgnt- vy, (to). Among these effects the comparison
with the potential outcome associated to the treatment value zero is of specific interest:

e =y -v,(0)
Last, we consider the effect of a uniform marginal increase in treatment:

f; =ay;(t;)/at.
As in the one treatment case, these effects are unobservable. It is necessary to make assumptions to
identify and estimate the expectations of these various parameters, under specific assumptions.

We therefore defined the four following parameters of interest:
3) E = E(yi (to)) Uniform Treatment (UT)

(4) E, =E(dy, (to)/at) Marginal-Increase of a Uniform-Treatment (MIUT)

(
(5) E. = E((y —y (O))) Average Treatment on the Treated (ATT)
3 i i
(

(6) E, =E(dy,(t,)/at)  Marginal-Increase of Treatment (MIT)

The first parameterE; (UT) represents the average output that would have been observed if all
individuals had received a same treatment of intertgitfrhe second parametér, (MIUT) represents

the average effect of a marginal increase in the treatment when it has a constant value egual to
throughout the population. The third paramé&igr(ATT) represents the average effect of the treatment

received y, (ti) compared with the situation in which all individuals would have received a null
treatment. It is called Average Treatment of the Treated because it can be seen as a weighted mean of
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the effect of a given treatment on these how receivedAlLT = E(E(yi -V, (O)|ti)). Interpreting this
parameter as the effect of the tax subsidies therefore assumes that this latter sit(@}iemidentical

to the one that would have prevailed in the absence of the programvhich amounts to assume that
there are no indirect effects (Heckman, Lalonde and Smith (1999)):

Assumption (A-3) :y, (0) = y?

The last parameteE, (MIT) is the average effect of a marginal variation of the treatmenteceived
by each individual.

5.2 ldentification of the parameters of interest

One important type of identifying assumption in the case of a unique treatment is independence of
potential outcomesy(l)i and y(O). with treatment conditional on a set of observables, or under a

weaker form the independence <yf(0)i with treatment conditional on a set of observable. This

identifying assumption has been analysed by Heckman, Ichimura and Todd (1997, 1999) and Heckman,
Ichimura, Smith and Todd (1998). In these papers, they develop a kernel matching estimator and
evaluate its performance using the experimental data available from the JTPA program.

We make the assumption that their exists a set of observable varigfatesditional on which potential
outcomesy, (t) and treatment; are independent:
Assumption (A-4) :[x; suchthaty, (t) Ot;[x;,Ot 0t

Proposition (P-1):
Under assumption (A-4), parametels, E,, E; and E, are identifiable.

Proof: The general idea underlying proposition (P-1) is simple. Consider for example parameté E
have E, =E(y, (t,)=E,[Ely, (to)x; ). Given the independence assumption A-4 we also have:

E(yi (t0)|Xi) = E(yi (to)‘xi ’ti :to) = E(yi|xi ’ti = to) = g(Xi ’to)’ where g(Xi ’ti ) = E(yi|Xi !ti) is
identifiable from the data. Thus, the paraméigris simply E; = E[g(xi ,to)]. Similarly the second
parameter can be rewritten &s, = E[Og(xi ,to)/at], the third one afs; = E[yi —g(xi 0)] and the last
oneask, = E[Og(xi e )/at] and are all means of functions identifiable from the data.

Whereas in the previous approach, a particular form was given to the functig(rxg:) =zat+xb, in

this new approach no functional form is specified. The counterpart of this generalization is the practical
difficulty of estimating functiong(x,t). However, we show that it is sufficient to estimate a function of
smaller dimensiog(s(x; ),t;) where s(x;) is the score, properly defined. For this purpose, we

generalize the property of Rosenbaum and Rubin (1983) in the case of discrete treatment to the case of
continuous treatment.

Proposition (P-2):
Let x be a vector of covariates satisfying assumption Ay (t) Ot |xi Latd hf]
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Let s(x) be a function of these variables such that

l(ti|xi ): I(ti|s(xi ))

where I(ti |xi ) is the distribution of the treatment conditionally ofq,
Then assumption (A-4) holds E(v(i) :

y; () Ot; |5(Xi ). Ot D[LT[]

Proof: it is sufficient to show that(ti ly; (1), s(x; )): I(ti Is(x; )) under the hypotheseg, (t) Ot;|x; and
I(ti |xi ) =f (t,s(xi )). We calculate the two quantities and show that they are equal. On the one hand we
have:

l(ti|yi (t)ls(xi)): ,“(tih/i (1), X )I(Xi|s(xi))dxi = _“(ti|xi )I(Xi|s(xi))dxi

= [F(t;,50))1x;[sxi) ) dx; = (t;,506)) [1(x; [sx 1)) dx; =F (t;,5(x))

since given the ass.umptiorh@ti |yi (t),xi ): I(ti |xi ):f(ti ,s(xi )) Furthermore, we have:

1(t:[stx)) = 1t x )10x; sox ) dxq = [ (t, s06))1x;[s(x;)) dx,

=£(t;,50¢)) [1(x;[s(x;))dx; =F (t;,5(x,))
sincel(ti|xi):f(ti s(x;)).

In the case of a single treatment, the score is of dimension 1 and corresponds to the probability of
treatment conditionally on the control variables. There is nothing to say that it would be of dimension 1
in the case of continuous treatment. We shall nevertheless make this assumption in the application to the

payroll tax subsidiés The functiong(s(x, ), t, )is then bi-variate.

In the case of a unique treatment the conditional probability of being treated plays an important role
both because of the Rosenbaum and Rubin property but also because parameters of interest can be
estimated through weighting, weights being defined as functions of the conditional probability. This last
type of estimation is interesting as it allows to reach the semiparametric efficiency bound (Hirano,
Imbens, and Ridder (2001)). In the case of continuous treatment it is also possible to obtain an
expression of some of the parameters of interest as a weighted mean of observation, weights being
defined as a function of the conditional density. More precisely, we have the following property :

Proposition (P-3)
Let x be a vector of covariates satisfying assumption Ay (t) U t, |xi 0t [ﬂ]

Let f, (to) and f, (t0|x) be respectively the unconditional and conditional distribution of the treatment t
ont,, then

* We shall describe later the procedure adopted to estimate the score.
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Ely,)- [y (o)

t=t
i

Proof: Consider a given value of treatmertt, and the Dirac functioné(t—to) defined by
[o(t)s(t —t,)dt=g(t,) for any function g(t). For any random variable we have the following
result : E(z3(t - t,,)) = E(z|t =t, . (t,)

Indeed we have

E(z3(t - t,)) = [ 28(t — t, ), (2, t)dzdt=[ 7, (z,t, )dz= [, (2lt, ), (t, )z = E(2lt = t, ), (t,)

Now considerE(y(to)é(t - t0)|x), given the independence property, we have:

E(y(to)o(t - to)x) = Ely(to )X JE(B(t - t,)x)

and because of the preliminary resEI(B(t - t0)|x): f, (t0|x). Thus we have

E(ry(% 6(t - to)( J = E(y(t0)|x) which can be integrated over x to yield
t\-0

%ﬁ%){) 3t - to)] = E(y(t,))

Applying now the preliminary result we g y(t 6 t —t y(tO)
f(tofx f(tofx

tolft(to) and thus the

desired result.

5.3 Estimation

Our estimators are defined as sample means of suitable functional transformation of a non-parametric
estimate @(s,t)of g(s,t) = E(yi|si =st, = t). We considered the following estimators for the
parameters of interest UT, MIUT, TT, MIT defined by equations (3) to (6):

(7) E = %( to)

_1
N

®) Ez——gla 4(si.to)

R N
(9 Ej =%§(Yi - @(Si ’O))

1No.
(10)E4——Zlat g(s ;)

There are various ways of estimating the unknown function g non parametrically. Among them we
could use the popular kernel estimator. However such a procedure would lead to intense computational
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burden as the function has to be estimated on all sample points. Instead, we used non-parametric series
estimators to estimate the bivariate functiE(yi |si e ) = g(si e ) . The function g is approximated by a
polynomial function of treatment and score whose degree increases with the size of the sample. We
therefore consider a polynomial basis(Pk), used to define the set of regressors

P :(Pk (si )PI (ti))k+lsdn , with k and | the degrees for each of the polynomials @ndhe maximum

degree of the polynomials usedVe then consider the coefficien® = (9 of the regression of

kil )k+|st

variables; on this set of regressors in the sampi= (P'P)* (P'Y) with P=(P) and Y =(y,),
0i =1,....,N.. The estimators for functions g amg)/ot are then given by

dst)= X R(sp (t)ék,l and%@(&t): > K (S)ﬁ(t)ék,l

k+l=dy, k+l=dy, ot

The characteristic of these estimators is that the degreétble polynomials entering the approximation
of functions g andg/dt increases with the size of the sample. This determines the number of

regressors, which is equal t@,, +1)(d,, +2)/2. In our application we will chose a degree between 1
and 6, which leads to the introduction of up to 28 regressors.

We refer to Andrews’ work (1991) to study the asymptotic properties of the estimators of the parameters
E: to E4 (consistency and asymptotic normality). ParameteysE,, E; and E, are of the fornf” (g)

for exampIeE(y(tO)) = E(g(s, to)). The estimatorstl, EZ, E3 and E4 can be written ag ", (@) for
example Z@(si ,to)/n . The difference T,(§)-T(g) can be wrtten as

[Fn (@) -, (g)] + [Fn (g) - F(g)]. The asymptotic properties of the second term are straightforward. The
main difficulties concern the first term which involves the estimation of the unknown function g.

Andrews (1991) gives conditions for the type of the functiohalfunction g and the family of functions
used in the approximatiog to describe the asymptotic behavior of the estimators. He examines several

types of functional. One of them is, (g) = jDAg(t,s)dr](t,s), wheren is a distribution of probabilities
that can depend on the size of sample nRAds any partial derivative operator (cf. case 6 of example
2.7 on page 310 of Andrews (1991)). Indeed, for the first parameter Ehe last one Ewe have
A=(0,0) and dn = o, UdF, (s), with dF,(s) the empirical distribution s and,  the delta function

int,. For the second parametes e have =(1,0) and dn = o, U dlA:n (s), and for the last one £

A= (lO) and dn = dIA:n (t,s). Andrews deals precisely with the case of polynomial approximations of

functions with compact support. The results (Theorems 1 and 2 and their application to Example II)
make it possible to establish that under specific assumption concerning the regularity of function g our
estimators are consistent and asymptotically normal when the degree of the polynomials increases with

the size of the sample at a rarg with y<1/6. On the other hand, Andrews’ results do not make it

® We used Chebytchev polynomials. These polynomials constitute an orthogonal bbstal})for the weighting function

1/\V1-x2 .

16



possible to identify the convergence rates of the estimators. In the application used in our study we use
bootstrap to calculate the standard deviations by a random drawing of 500 samples and apply the same
estimation procedure to each drawing.

5.4 Weighted parameters
In order to obtain effects on the growth rate of aggregated employment, we also consider weighted
means of individual parameters, mainly :

E? =E(w, (y, -y, (0)) Weighted Treatment on the Treated (WTT)
EY =E(w, dy; (t;)/at) Weighted Marginal-Increase of Treatment (WMIT)

wherew; is the normalized weighting variable i.e3; = Ni/E(Ni)in whichN; denotes employment.

The identification and estimation of these parameters requires additional assumptions. For identification,
the weighting variable has to be included in the list of conditioning variables.

Assumption (A-5): y; (t) Ot;|x;, @, |, 0t Ot ).

Under this assumption it can be shown easily that the two weighted parameters are identified. However
the estimation of the final parameters require the estimationE()ji|si,ti,wi) and not only
E(yi|si,ti) as previously. Although it is theoretically possible to consider non-parametric series

estimators for these three variables, it is necessary in practice to make assumptions about the form taken
by this function. We chose to introduce simply the weighting variable as an additional regressor, i.e.

E(yi|si!ti’wi):awi +f(s.t;).

5.6 The support

Heckman et al. (1998) pointed out the importance of the so callpdort conditionn the case of single
treatment when independence conditional on observable is assumed. This condition is also likely to be
important in our case of a continuous treatment. The estimations of the parametarse & be
compared with each other. They therefore are only of interest if it is possible to estimate quantities of

the type E(yi (ty) -y, (tl)), which necessitate estimation of botrE(yi |si 1= to) and
E(yi |si b= tl). For this, it is necessary that the scaebelongs to the intersection of the supports of
the distribution of the score conditional on treatmetysand t,. Since one wants to make comparisons
over an interval of treatment variableg ml'g,f]), it iIs necessary to examine the support of the
conditional distribution of the score, knowing treatmelrﬂsI |t) and to determine for the intervz{{l, EJ

the common support of the corresponding distributi@qsm(t]t]Supr(f (si|t)). The parameters in which

[

we are interested in this case are then the local paramE(griit)|si DS) which can be compared two

by two. In the case of parametés, the support condition is automatically met as long as the
conditional distribution of the score depends continuously on the treatment. However, if one wants to
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compare the effect of a marginal increase in the treatment for different values of the treatment, we have

also to consider the local paramet&(ﬂyi (to)/ ot |si DS). In the case of parameteg Bne wants to find
for a firm with treatment;tand score;sa counterfactuaE(yi (O)|si ): E(yi |si 4= 0). This can be done

only for firms with score belonging t&upf (st = 0))N Supdf (St =t, )). Thus the common support in
this case is S= lrl]{Supr(f (§t=0))N SupHf (st =t, )} The support associated with paramégris
tot.t

the total support.

6. Results
6.1 The estimation of the score

The implemantation of the semi-parametric estimators requires to compute the score. For this purpose,
we assume that the distribution of the variable for ¢éixeanteaverage labor cost reduction conditional

on the control variables is a bivariate function of the antecost reduction and an indicator of
dimension 1 of the control variables, defined as a linear combination of these variables, i.e.

Assumption A-6 : I(t]x) =f (t, xB)

We consider several way of computing the score. The first one amounts to use the fact that for any
function h, there exists a functiénsuch that:
E(h(t)|x) =h(xp).
We consider the transformatidn(t) = Iog(t/(O.lO— t)) that defines the set of real values as support for
the ex antecost reduction and we assume that the corresponEirfgnction is the identity. The score
used in estimation is then defined ax)=h" (xfi) and therefore has values belonginddxi()%].

The second way to estimate the score is to use the fact that under assumption A-6 their exist a function
n unknown such that

E(t|x) =n(xp)

Estimation offi can be performed using semiparametric quasi maximum likelihood (SPQML) has
proposed in Newey (1994), the unknown function being approximated by a polynomial function. More
precisely, the estimatiofs of the parametep is defined as

ﬁ = arg;ning (ti - ﬁ(XiB))z

A(xB) being defined asi(xB) = idkPk (xB) with @, the coefficient of the linear projection df on
k=0

the set of functions, (xi[3). We chose these last functions to be the Chebytchev polynomial functions
of the logit transformationZ/(1+ exr(— x[3))—1. As shown in Newey (1994) there is no loss of
efficiency in the estimation of and no correction to be made in the computation of its standard errors
associated to the estimation of the unknown functign In this case the score is defined as
0.10/(1+ exd— XB)), and has also values belonging to the range 0-10%.
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In the end using the first procedure, we selected some 40 variables out of the 50 or so initially
introduced. The eliminated variables are a few sectoral competition indicators as well as some financial
variables.

The estimated coefficients where used as starting values for the semiparametric estimation procedure
with a polynomial approximation of degree 1, imposing the value of the intercept and the coefficient of
one given variable (one sectoral dummy variable that was found strongly significant) to be the same as
in the parametric procedure. We used estimated values as starting values for degree 2 and so on. Starting
degree 3, convergence was reached in both sectors after only a few iterations with no sensible changes
neither in the objective value nor in the estimated values of the parameters. We thus adopt degree 3 for
the polynomial approximation in both sect8Results are qualitatively the same for manufacturing and

non manufacturing and for both estimation procedure. In table D1 of appendix D we present results of
the SPQML estimation.

6.2 Results of the semi-parametric estimation
The degree of the polynomial approximation used in the computation is chosen using the cross

validation criteria:
~ 2
> [y, -R @b, (a))

cv(d)=-

N
where 6_]. (d) is the vector of the estimated coefficient of a degree d polynomial approximation of the

unknown regression function using all observation but thepd P, (d) the values for observation j of
the vector of the polynomial functions involved in the approximation of degree d.

[Table 4 : Cross validation criteria in manufacturing and non manufacturing sectors]

Table 4 shows that the cross validation criteria is minimized in both sectors for degree 3 which we thus
retain in the computation of our parameters of interest although we will examine the sensitivity of the
results to this choice.

We first show the estimations of parametéts (UT) and E, (MIUT), and examine various features

such as the heterogeneity of the effect of the treatment, the accuracy of the estimations. We then go on
to examine the effects of the payroll tax subsidies on the basis of parafagt€rd) and E, (MIT).

We also examine weighted forms of these last two parameters. We then discuss various robustness
issues such as the support condition, the choice of the degree of the polynomial approximation, the
method used to compute the score and the sensitivity to the choice of control variables. Finally we
provide estimations for a broader set of outcome variables enabling us to shed light into the underlying
mechanisms at work.

® Cross validation could have been another way to determine the adapted degree of approximation and we will use it in
the implementation of our estimation of functi@(S, t). However, in the case of the score estimation this would have
led to a too intensive computational burden.
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6.2.1 Heterogeneity of the effect

Figures in appendix E1 and E2 respectively show the estimation results of pararE(ay(ar)s— y(O))

and E(ay(t)/ at) for both manufacturing and non manufacturing sectors. These estimations are obtained
as Z[@(si,t)—@(si ,O)]/N and Zd@(si,t)/at/N where § is the estimation of the polynomial

approximation of degree 3 of the unknown functign Parameters are computed for 50 treatment

values regularly spaced over the interval (0,0.10). The 5% confidence interval appearing in the figure
(doted lines) are obtained with 500 bootstrap replications.

The effect of a marginal increase in treatment is quite constant in manufacturing with a value around
3%. It exhibits a slight increase for the largest values of the treatment but become very imprecise at this
level. On the opposite, the marginal effect is not constant in the non manufacturing sector. Initially quite
nil for small values of the treatment, it then rises sharply to reach a maximum value of 4%dwaaite
reduction of 4% and then decreases. Negative values of this parameter are obtained for the largest values
of the treatment but are very imprecise in this range of values. As a result the pareﬁﬁe(ltér— y(O))

exhibits a clear upward sloping pattern.

Figure E3 plots simultaneously estimated values of paramﬁé;{st) as well asE(y(0)|t). It clearly

shows the strong bias that would be associated when ignoring the simultaneity of treatment received and
potential outcomes and also that firms that benefited from the more intensive treatment were also firms

that would have experienced the more adverse evolution of their employment.

In both sectors estimations are fairly precise for small values of the treatment, where most observations
are located. For large values of the treatment estimation become very imprecise due to a smaller number
of observation in this region.

6.2.2 Employment effect

In Table 5 we present the parameter estimates for the growth rate of employment obtained from a
polynomial approximation of degree 3. We present results for both manufacturing and non
manufacturing sectors. Four parameters are presented. These are the effect of the treatment on the
treated B (TT) and the effect of a marginal increase of treatmep{NET), both weighted and non
weighted. Standard errors are obtained by bootstrap with 500 replications. All the parameters point to
an important effect of the policy implemented. The effect of a marginal increase of treatment is around 3
depending on the sector. The aggregated effects on the growth rate of employment are respectively
2.24% in manufacturing and 3.15% in non manufacturing.

These new estimations can be used to provide an order of magnitude of the number of job created or
safeguarded. Taking a basis of 5.7 millions of employees in manufacturing and of 9.1 millions in

non manufacturing we find that 415.000 jobs have been created of safeguarded with a 5%
confidence interval of (270.00,560.000).

[Table 5 : Semi parametric estimation of Treatment Effect ]
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Figures 3a and 3b present results obtained for the weighted average effect of treatment on the treated
WATT with different degree of the polynomial approximation of the unknown funckj;és;t). The

figure shows the point estimate of the parameter as well as its 5% confidence interval, computed using

bootstrap with 500 replications. In the manufacturing sectors the point estimate does not change much
after degree three and increasing the degree only leads to a widening of the confidence interval. The

picture is different in non manufacturing sector and less clear. Increasing the degree does not change
significantly the widening of the confidence interval and leads to fluctuation in the point estimate.

[Figure 3a : Sensitivity to the degree of the polynomial approximation - Manufacturing —
Weighted effect of treatment on the treated]

[Figure 3b : Sensitivity to the degree of the polynomial approximation — Non Manufacturing —
Weighted effect of treatment on the treated]

All the estimated values of the parameters exhibit impressive changes compared to results obtained
using the earliest direct procedure. For example, the weighted average growth rate of employment is
increased form 1.3% to 2.3% in manufacturing. Similarly in non manufacturing the same parameter is
increased from 2.4 to 3.2. Although there is also a substantial increase in standard errors, these changes
in results point to the drawbacks associated to the assumption of linearity and homogeneity of effects.

Table 6 presents further results corresponding to various restrictions on the specification of the firm
response. We examine the sensitivity of the results when imposing linearity of the response and
both linearity and homogeneity. For each parameter TT and MIT, the first line recall results for the
general unconstrained specification. The second line presents results when imposing linearity of the
effect of the ex ante reduction in labor cost. The third line present results obtained when imposing
both linearity and homogeneity. All unknown functions of the score entering these specifications
are polynomial functions of degree three. Imposing linearity does not affect results in
manufacturing, but imposing homogeneity matters. This is not a surprise given the results of the
estimation of parameters IUT presented in the previous section. The weighted average growth rate
decrease from 2.3% to 1.9% when both linearity and homogeneity are imposed, but remain however
higher than with the non constrained earlier specification in which controls enter linearly (1.3%). In
non manufacturing on the opposite, both linearity and homogeneity matters strongly. When
imposing linearity the estimation of the weighted effect of the treatment is strongly downward
biased.

[Table 6 : Semi parametric estimation of Treatment Effect - Alternative specification]
6.2.3 Robustness Check
We examine the robustness of our results along different dimensions. We first examine the sensitivity of

the results to the choice of the control variables. We then examine the effect of the restriction to the
common support. Last we examine the sensitivity to the way the score is computed.
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To examine the sensitivity of the result to the choice of control the variables we proceed in the same
way than with the first estimation method. Results are presented in Table 7. The set of control variables
is divided into 5 subsets. For each of these subsets we perform the global analysis using only the
considered subset as control variables (appearing as the columns labeled “Just with”) and using all the
variables but the considered subset (appearing as the columns labeled “Without”). In each case we
presented the four main parameters of interest: TT, WTT, MIT and WMIT. Results clearly show here
also that the key subset is composed by the firm variables in level. It also appears that in both sectors
using only this subset lead to higher values of the parameters of interest.

[Table 7 : Sensitivity of the result to the choice of control variables]

We also examine the sensitivity of the results when restricting observations to the support adapted for
the estimation of parametersEThe common support is determined using 20 treatment classes of
identical length equal to 0.5%. In each of these classes, we calculate different percentiles. Figures Fa
and Fb of appendix F display the results. These figures show the strong concentration of the score
around low values for low values of treatment and the gradual widening-out as treatment increases. As
a result, for a firm with a low value of the score, it is always possible to find similar firms with low
treatment. On the opposite, when the score become higher, no similar firm with a low treatment may be
found. Thus the common support is defined as the interval of zero score and a maximum value chosen
on the basis of the distribution of the score for the low treatment class. We consider this above value to
be 3% in manufacturing and 4% non manufacturing. Results when restricting the computation of
the parameters of interest to the common support are presented in Table 8. Regressions are
performed on the whole sample but parameters of interest are computed using only observations on
the common support. The polynomial approximation is also of degree 3. We do not detect any
substantial changes the parameters of interest.

We also present in Table 8 the results obtained when using the crude score following the procedure
described in section 7. A polynomial approximation of degree 3 is also used to estimate the unknown
function g. No significant changes are observed in the manufacturing sector. However in the non
manufacturing sector, changes are more substantial. The parameters obtained with the crude score are
substantially higher, with an order of magnitude of one, two or even more than one standard error.

[Table 8 : Semi parametric estimation of Treatment Effect — Robustness to the support and score
estimation]

6..2.4 Substitution and profitability effects

Our previous results point to strong employment effects of payroll tax subsidies for low wage workers.
However, the method we use does not help in understanding the underlying effects of such a policy. The
substantial evolutions in employment can be related to two broad types of mechanisms. The first one
corresponds to substitutions between factors of production i.e. an increase of the unskilled-labor content
of production. The second corresponds to a profitability effect, i.e. an increase in all factors of
production due to an increase in demand if the reduction in production costs is passed in prices. In this
section we implement our methodology on a broader set of explanatory variables in order to obtain
some insight about these underlying effects. Tables 9 and 10 present the results obtained for the

semiparametric estimation of parametey (ATT and WATT) andE, (MIT and WMIT) for a broader
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set of variables. We examine the effect of payroll tax subsidies on the average labor cost, the share of
unskilled workers, the capital labor ratio, the productivity of capital, the labor productivity, the stock of
capital and value added.

There are drawbacks in some of these measures. First, the productivity of each factor as well as the
value added are measured with accounting data. These data are in value and we only use the aggregate
price at the two digit level as deflator. These measures thus do not take into account the possible effect
of payroll tax subsidies on individual prices. Results obtained in Griliches and Klette as well as in
Crépon, Desplatz and Mairesse show that omitting this when estimating production functions can lead to
strong misunderstanding of the results. Second, unskilled labor is defined according to occupations and
do not perfectly covers workers paid below 1.33 minimum wage as shown in Table 11.

Our results suggest that strong substitution effects may have been at work. This can be primarily seen in
the negative effect on average labor cost, which may be related to composition effect of the workforce
in favor of least paid workers. This can also be seen on the negative effect on the share of unskilled
workers. Our results indicate that substitutions also operate between labor and capital, with the capital
labor ratio falling under the impact of tax subsidies in each sector. We also observe a decrease in the
productivity of capital and labor in both manufacturing and non manufacturing sectors. This is related in
both cases to an increase in the volume of employment and capital but also to a stagnation and even a
decrease in value added. To interpret these results assume a simple demand function with constant price
elasticity dlogq=-edlogp then the firm revenue is simplyllogpg=(1-¢)dlogp. Assuming a
constant elasticity of substitution between labor and capital and constant return to scale we have
dlogq-dlogk =a(dlogc-dlogp) =-odlogp when assuming no effect on the cost of capital.

Thus the changes in the variables of interest we can measuredhlgk:(cr—s)dlogp,

dlogpg-dlogk = (1-o)dlogp anddlogpg=(1-¢)dlogp. As a result, we expect changes in these

variables only if payroll tax subsidies are passed into prices. Our results on capital stock and
productivity of capital are consistent with the previous computations if prices falls and the elasticity of
substitution is small, i.e. below 1 and the price elasticity of demand. Notice that the comparison of the
changes in the capital labor ratio and the changes in the average labor cost are consistent with an
elasticity of substitutions around 0.5. To fix ideas, assuming such a value, the effect of payroll tax
reduction on prices should be half the effect on the productivity of capital i.e. an average elasticity of
0.7, which is small given the strong effect on wages. However we expect also an increase in the value
added, even not deflated as long as the price elasticity of demand is above 1. We observe a non
significant but positive effect in manufacturing of payroll tax subsidies on value added which suggest a
value of the price demand elasticity above and close to 1, but we observe negative effects in non
manufacturing that may be significant (average slope parameter).

These results show therefore that the main underlying effects are probably substitutions and mostly
substitution among workers. Profitability effects may also have been at work but the price effect seems
to be small. Changes in value added are of small magnitude when they have the right sign. The only
change that may be related to a profitability effect lays in the capital. This may however receive an
alternative explanation

[Table 9 : Semi parametric evaluation of a marginal increase of the exante reduction in labor
cost]

[Table 10 : Semi parametric evaluation of growth rates due to payroll tax reduction for low
wage workers.]

23



[Table 11 : Unskilled workers and minimum wage |

Indeed, all of our results point to a strong and quick effect of the policy implemented. The question
is: is it reasonable to obtain so strong effect occurring so rapidly. Substitution effects as well as
profitability effects are usually considered to take time. For example our results indicate that labor
was substituted to capital and one may expect this substitution to occur only after a long period of
time. Similarly we also observe evolution among the work force in favor to less skilled workers and

this also requires time.

However when the counterfactual is an ongoing process of capital to labor substitution, of skilled to
unskilled labor substitution and of a reduction in the capacity of production of unskilled intensive
firms, then the effects of factor price changes can be more observed more quickly. Figures E3, show
for both sectors the expectation of the counterfactual of employment evolution conditional to

treatment: E(yi (O)|t) and the expectation of observed output variable conditional to treatment:

E(yi|t). We clearly observe that the counterfactual is negative and sharply decreasing with

treatment. On the opposite the expectation of employment conditional to treatment is not related to
treatment. This suggests that the main effect of the policy was to stop an ongoing process of
unskilled job destruction and not one of job creation, although there is likely a large amount of

heterogeneity. This last conclusion is consistent with results obtained in Kramarz and Philippon
(2001). They show using individual employee data, the main effect of the policy consist of a

reduction of employment to unemployment transition compared with employment to employment

transitions. They do not observe an increase in the transition of unemployment to employment
compared with employment to employment transitions.

This interpretation of our results is also consistent witicro-evolution at the time the policy took
place. The payroll tax subsidies for low wage workers took place in a macroeconomic context that had
worsened considerably (figure 4), following a long period of stagnation in activity since the beginning
of the 1990s that lasted until 1994. During this period, employment had fallen sharply. The year 1994
marked a break in this tendency with a substantial upturn in employment. Table 12 clearly shows that
this upturn was associated with a decrease in the destruction rate of employment from 24.2 over the
upswing period 1988-1991 and 24.5 over the recession period 1991-1994 to 20.5 over the period 1994-
1997. Similarly, the decline in the productivity of capital stopped starting 1994, together with a rise in
the job-content of growth (figure 2). The evolution in the productivity of capital clearly shows that the
long run downward trend, virtually uninterrupted since the beginning of the 1980s, was suddenly halted
in 1993 and even turned upward starting in 198nhother feature was a halt to the decline in the
proportion of unskilled workers in total employment at the beginning of the 1990s (figure 5).

[Tables 12 : Employment creation and destruction raté]

[Figure 4 — Aggregate evolutions between 1978 and 1996, private sector]

[Figure 5 - Share of unskilled workers between 1982 and 1996]

7 Conclusion

" Defined following Davis and Haltiwanger 1992.
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The aim of this paper is to evaluate the effect of the payroll tax reduction for low wage workers
implemented in France in the middle 90’s. The study is based on the calculation of thediratgte

labor cost reduction attributable to the extension of the original policy in 1995 and 1996. It is build
using an extensive data source providing the wage distribution inside firms in 1994 for each firm. The
underlying principle is to compare the results for firms benefiting from diffeesrdéntereductions. For

this purpose, we develop a statistical model, based on the Rubin causal model, adapted to the continuous
treatment case. We define the parameters of interest in such a framework and propose a semi-parametric
estimation procedure using series estimators.

The identifying assumption we make is that the ex ante labor cost reduction (the treatment) and potential
outcomes (the increase in employment when receiving a given treatment) are independent conditional
on observable. We use a simple factor supply-and-demand model to discuss this condition and the
choice of control variables. It appears that we have to control for the heterogeneity of the work force,
heterogeneity of technological parameters, product market competition and unobserved demand and
productivity shocks. We introduce a broad set of control variables including information on past
performance in level and evolution, detailed information about the skill structure, various competition
variables at the sector level and information about the financial structure and the cost of capital. The
introduction of these control variables plays a key role and we show that among this broad set of
information the past level of productivity is of primary importance.

We find that payroll tax subsidies introduced between 1994 and 1997 had a strong effect on
employment. The average growth rate attributable to the policy is 2.24 in manufacturing and 3.15 in non
manufacturing and may have created or safeguarded 420,000 jobs in the economy over the period 1994-
1997. We find that the effect on employment mainly reflect substitutions between categories of
employee as well as between labor and capital. Profitability effects may also have occurred but are
probably of less importance. These strong effects may have occurred quickly because the counterfactual
evolution of employment in firms that benefited most from the policy was a strong reduction in their
employment.

Our results show that the impact of a marginal increase in tax subsidies is very heterogeneous within the
population and may differ from one treatment value to another. They show the importance of tackling
the question of evaluating subsidies in taxes in a suitable causal framework. Introducing control
variables into a direct regression of output variables onetheantecost reduction would lead to an
erroneous evaluation of its effect.

Our evaluation is not based on the specification and estimation of structural models. The effects we
measure are a combination of different structural parameters (elasticities of substitution, demand
elasticities and factor-supply elasticities), within which it is not possible to distinguish the different
components. As a result, our evaluation does not require the estimation of elasticities of substitution
between various categories of worker, nor the elasticity of the demand for labor to its cost. However, its
main disadvantage is to be valid only for the measure in force over the period 1994-1997. The
evaluations cannot be used to study alternative policy such as, for example, the extension of the tax cuts
to a broader population or, on the contrary, the intensification of payroll tax subsidies for the population
already involved, or, modifications in the minimum wage. This study shows, nevertheless, that the
attempts to change the distribution of earnings in the economy, especially for the lower paid, have
substantial effects on employment.
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Reduction in the social contribution rate
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Figure 1 — Rules for the reduction in payroll taxes form 1993 to 1998
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Figure 3a : Sensitivity to the degree of the polynomial approximation - Manufacturing
— Weighted effect of treatment on the treated
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Figure 4 — Aggregate evolutions between 1978 and 1996, private sector
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Figure 5 - Share of unskilled workers between 1982 and 1996
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Table 1 - Ex ante reduction of labor cost

0% 0-1% 1-6% 6-9.5% 9.5%
Private sector
Percentage of firms 7.2 39.3 50.2 2.6 0.6
Percentage of employees 1.0 65.6 32.7 0.6 0.0
Manufacturing
Percentage of firms 5.6 45.9 46.9 15 0.1
Percentage of employees 0.8 73.3 25.6 0.3 0.0
Non Manufacturing
Percentage of firms 8.3 35.1 52.4 3.3 0.9
Percentage of employees 1.3 56.4 41.3 0.9 0.1

Note : Obtained from the study sample involving 87,720 firms, of which 34,371 (39%) are in manufacturing
sectors and 53,349 (61%) in non manufacturing. Employment in these firms is 3,772,941, of which 2,053,777
(54%) are in manufacturing sectors and 1,719,164 (46%) in non manufacturing.

Table 2 : Effect of the ex ante reduction in labor cost on some firm variables between 1994 and

1997.
Variables Elasticities Growth rate
Manufacturing  Non Manufacturing Manufacturing  Non Manufacturing

Employment® 1.60 1.79 1.28 2.34

(0.14) (0.10) (0.12) (0.19)
Average labor cost® -2.30 -2.25 -1.84 -2.96

(0.10) (0.09) (0.09) (0.20)
Share of unskilled 0.38 0.49 0.30 0.65
workers (0.09) (0.07) (0.07) (0.10)

Note : These results are obtained by the OLS regression of the variable of interest on the ex ante reduction in labor cost anc
of control variables in 1994 and for some of them in evolution over the past period. They are performed on 32,459 observatio
manufacturing and 48,930 in non manufacturing. Firms with a zero ex ante reduction in labor costs were discardeéd. Th
superscript means that the variable is expressed in logarithm
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Table 3 : Sensitivity to control variables.

Variables Manufacturing Non Manufacturing
Just with Without With Without
All 1.60 0.58 1.78 -0.00
(0.14) (0.11) (0.10) (0.08)
General in level 1.84 0.51 1.73 0.28
(0.14) (0.12) (0.09) (0.09)
General in difference 0.47 1.83 0.01 1.99
(0.11) (0.15) (0.08) (0.11)
Financial 0.39 1.60 0.06 1.77
(0.12) (0.14) (0.08) (0.11)
Share 0.51 1.69 0.17 1.79
(0.13) (0.14) (0.09) (0.10)
Sectoral 0.69 1.41 0.16 1.64
(0.12) (0.12) (0.08) (0.10)

Note : These results are obtained by the OLS regression of the variable of interest on the ex ante reduction in labor cost anc
of control variables in 1994 and for some of them in evolution over the past period. They are performed on 32,459 observatio
manufacturing and 48,930 in non manufacturing. Firms with a zero ex ante reduction in labor costs were discarded. For ¢
sector the column “Just with” correspond to the case where only the considered variables have been introduced as co
variables. The second column “Without” correspond to the case where all variables have been introduced but the set of varie

considered. Dummy variables at the one digit level have always been introduced.

Table 4 : Cross validation criteria in manufacturing and non manufacturing sectors

Degree Number of Manufacturing Non manufacturing
regressors
6 29 0.0636641 0.0829775
5 22 0.0636503 0.0829555
4 16 0.0636382 0.0829560
3 11 0.0636278 0.0829536
2 7 0.0636305 0.0829883
1 4 0.0637542 0.0830954
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Table 5 : Semi parametric estimation of Treatment Effect

Variables Manufacturing Non Manufacturing

Weight 1 Employment 1 Employment

Effect of a Marginal Increase of Treatment (MIT)

Employment (log) 2.86 3.38 2.54 3.31
(0.26) (0.39) (0.19) (0.28)

Effect of Treatment on the Treated (TT)

Employment (log) 3.59 2.24 2.55 3.15
(0.53) (0.30) (0.52) (0.60)

Note: These figures are the semi parametric estimates of the parameteE§:E(wi(yi -Yi (O))) and

EY = E(wi oy, (ti)/at), obtained with and without weighting firms by their employment. They are performed on

32.459 observations in manufacturing and 48.930 in non manufacturing. Firms with a zero ex ante reduction in
labor costs were discarded.
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Table 6 : Semi parametric estimation of Treatment Effect - Alternative specification

Variables Manufacturing Non Manufacturing
Weight 1 Employment 1 Employment
Effect of a Marginal Increase of Treatment (MIT)

Reference 2.86 3.38 2.54 3.31

(0.26) (0.39) (0.19) (0.28)

S,t = S +t S 2.92 3.42 2.93 3.60

g( ) 90( ) gl( ) (0.20) (0.31) (0.15) (0.26)

s,t)=g.(s)+ At 2.32 2.32 2.15 2.15

(s t) = o(s) (0.16) (0.16) (0.12) (0.12)

g(x,t)=xb+At 1.60 1.60 1.79 1.79

' (0.14) (0.14) (0.10) (0.10)

Effect of Treatment on the Treated (TT)

Reference 3.59 2.24 2.55 3.15

(0.53) (0.30) (0.52) (0.60)

s, t)=g.(s)+1tg. (s 3.65 2.28 4.56 3.95

g( ) 90( ) gl( ) (0.23) (0.18) (0.24) (0.67)

s,t)=g.(s)+ At 3.49 1.86 4.33 2.83

g( ) 90( ) (0.23) (0.14) (0.24) (0.48)

g(x, t) =xb+ At 1.28 2.34

(0.12) (0.19)

Note: See Table 5
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Table 7: Sensitivity of the result to the choice of control variables

TT WTT MIT WMIT TT WTT MIT WMIT
Just with Without
Non Manufacturing
All 2.55 3.15 2.54 3.31 - - - -
(0.52) (0.60) (0.19) (0.28)
Level 3.23 4.70 2.76 4.61 0.71 0.59 0.10 0.09
(0.45) (0.81) (0.17) (0.33) | (0.38) (0.32) (0.16) (0.23)
Difference -0.02 -0.03 -0.04 -0.25 2.92 3.60 2.80 3.70
(0.29) (0.23) (0.14) (0.30) | (0.52) (0.67) (0.19) (0.27)
Share 0.37 0.30 -0.15 -0.39 3.10 3.66 2.79 3.67
(0.36) (0.29) (0.15) (0.27) | (0.49) (0.66) (0.18) (0.26)
Financial 0.49 0.30 0.17 -0.04 2.43 3.09 2.50 3.23
(0.31) (0.24) (0.14) (0.25) | (0.52) (0.59) (0.19) (0.28)
Sectoral 0.94 0.58 0.52 0.33 2.23 3.03 2.36 3.17
(0.32) (0.28) (0.15) (0.38) | (0.49) (0.57) (0.19) (0.27)
Manufacturing
All 3.59 2.24 2.86 3.38 - - - -
(0.53) (0.30) (0.26) (0.39)
Level 4.03 2.57 3.16 3.83 1.38 0.81 0.68 0.81
(0.48) (0.27) (0.24) (0.36) | (0.38) (0.25) (0.21) (0.33)
Difference  0.96 0.51 0.58 0.63 411 2.50 3.12 3.66
(0.30) (0.20) (0.19) (0.32) | (0.52) (0.30) (0.26) (0.38)
Share 1.27 0.74 0.56 0.61 3.57 2.40 3.16 3.82
(0.37) (0.24) (0.21) (0.32) | (0.51) (0.29) (0.25) (0.37)
Financial 0.66 0.36 0.37 0.39 3.69 2.28 2.90 3.39
(0.31) (0.21) (0.20) (0.33) | (0.53) (0.29) (0.26) (0.38)
Sectoral 1.30 0.70 0.69 0.59 3.36 2.07 2.61 3.08
(0.31) (0.21) (0.20) (0.31) | (0.59) (0.30) (0.26) (0.38)
Note : For each row the results presented for the four main parameters are obtained using only the

considered subset as explanatory variables in the score (left panel) and all the variables but the
considered subset (right panel). Standard errors are obtained via 500 bootstrap replications.
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Table 8 : Semi parametric estimation of Treatment Effect — Robustness to the support and score
estimation

Variables Manufacturing Non Manufacturing

Weight 1 Employment 1 Employment

Effect of a Marginal Increase of Treatment (MIT)

Reference 2.86 3.38 2.54 3.31
(0.26) (0.39) (0.19) (0.28)

Common support 3.03 3.43 2.76 3.37
(0.29) (0.40) (0.20) (0.29)

Crude score 2.89 3.52 3.19 4.07
(0.27) (0.39) (0.19) (0.27)

Effect of Treatment on the Treated (TT)

Reference 3.59 2.24 2.55 3.15
(0.53) (0.30) (0.52) (0.60)

Common support 3.22 2.16 3.05 3.27
(0.42) (0.28) (0.412) (0.63)

Crude score 3.83 2.34 3.67 3.78
(0.54) (0.312) (0.53) (0.68)

Note:See Table 5.Rregressions are performed on the whole sample but parameters of interest are computed using only
observation on the common support (0,3%) for manufacturing, (0,4%) for non manufacturing.
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Table 9 : Semi parametric evaluation of a marginal increase of the exante reduction in labor

cost

Manufacturing

Non Manufacturing

1T
Employment 2.86
(0.26)
Average labor cost -2.95
(0.22)
Share of unskilled
workers 0.66
(0.15)
Capital 1.22
(0.29)
Capital labor ratio -1.64
(0.33)
Productivity of capital -1.17
(0.33)
Labor productivity -2.81
(0.26)
Value added 0.04
(0.29)

WTT

3.38
(0.39)

-3.02
(0.31)

0.61
(0.23)

1.65
(0.43)

172
(0.51)

-1.25
(0.50)

-2.97
(0.38)

0.40
(0.43)

TT

2.54
(0.19)

-3.34
(0.15)

0.52
(0.10)

0.92
(0.21)

-1.62
(0.24)

-1.36
(0.22)

-2.98
(0.18)

-0.44
(0.18)

WTT

3.31
(0.28)

-4.27
(0.23)

0.45
(0.15)

1.08
(0.32)

-2.23
(0.39)

-1.67
(0.34)

-3.90
(0.27)

-0.59
(0.27)

Note: These figures are the semi parametric estimates of the pararigter E(wi oy; (ti )/6t), obtained with

and without weighting firms by their employment. They are performed on 32.459 observations in
manufacturing and 48.930 in non manufacturing. Firms with a zero ex ante reduction in labor costs were

discarded.
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Table 10 : Semi parametric evaluation of growth rates due to payroll tax reduction for low wage

workers.
Manufacturing Non Manufacturing
1T WTT TT WTT
Employment 3.59 2.24 2.55 3.15
(0.53) (0.30) (0.52) (0.60)
Average labor cost -4.20 -2.28 -4.10 -4.23
(0.43) (0.24) (0.47) (0.73)
stgfligr‘;f unskilled 1.50 0.69 1.51 0.78
(0.37) (0.18) (0.34) (0.22)
Capital 1.41 1.02 2.29 1.48
(0.58) (0.32) (0.57 (0.39)
Capital labor ratio -2.19 -1.22 -0.25 -1.67
(0.65) (0.36) (0.69) (0.52)
Productivity of capital -1.69 -0.95 -2.76 -1.98
(0.65) (0.36) (0.62) (0.47)
Labor productivity -3.88 -2.17 -3.00 -3.65
(0.52) (0.29) (0.53) (0.69)
Value added -0.29 0.07 -0.46 -0.50
(0.57) (0.31) (0.49) (0.31)

Note: These figures are the semi parametric estimates of the parank&fer E(lIJi (yi —Yi (0))) obtained with

and without weighting firms by their employment. They are performed on 32.459 observations in manufacturing
and 48.930 in non manufacturing. Firms with a zero ex ante reduction in labor costs were discarded.
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Table 11 Unskilled workers and minimum wage

% Unskilled Skilled Total
Below 1.3 minimum wage 15.66 15.27 30.82
Above 1.3 minimum wage 7.17 62.00 69.18
Total 22.73 77.27 100

Source : Employment survey 1994,

Table 12 : Employment creation and destruction raté

% 1988-1991 1991-1994 1994-1997
Growth rate 7,4 -0,8 3,0
Creation rate 31,6 23,7 23,5
Destruction rate -24,2 -24,5 -20,5

Source : BRN 1988, 1991, 1994 et 1997

8 Defined following Davis and Haltiwanger 1992.
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Appendix A: Labor demand-supply model with heterogeneous workers.

We develop a simple theoretical model to: i)- identify the factors that affect the firm’s ex ante
labor cost reduction, ii)- assess the conditions under which the growth rate of the variables of
interest can be defined as functions of the ex ante reduction and iii)- examine whether there exists
a specific source of heterogeneity in the ex ante reduction. To keep notations as simple as
possible, we omit time and individual indices.

Notations, labor demand and supply

We consider a firm with a technology of production that incorporates L various types of
workers N; and capital K. We assume constant elasticities of substitution between the various
factors and constant returns to scale.

We suppose that the demand addressed to the firm has a constant price elasticity
Q=0P® whereP is the price and® a scale parameter.

I

N=(N,...N,), ¢y =(CN1,...,CNL) et w=(w,,...,w,) denote respectively the vectors
of employment, costs and gross wages of the L types of workersrgnd Diag(TtNl,...,T[I\IL )
the diagonal matrix of their cost shares relative to total cost (capital cost included)

(Z'j‘:lan + T =1). Costs and gross wages are linked by the relationshjp= (1+ T(Wj ))Wj :

where T( ) is the payroll tax rate function. It is that function which has been changed by the

introduction of payroll tax subsidies for low wage workers.
The firm level demand of workers can be written as:

logN =% Ty logcy +Z « T, logcy +u

where 2 \ :lch,M - and 2 :[on'K _8Jj=1...L represent the matrices of Allen

sjj,lzl,...,L
substitution elasticities reduced by the price elasticity of demand andhe vector of
perturbations that include technology and demand shocks.
The supply of workers addressed to each firm is defined as:
logN =Rlogw + v
where R is the diagonal matrix of the elasticities of supply to gross wages:

I

P= Diag(pNl v Py ) andv = (vl,...,vL) the vector of the firm specific component of wages.
Distribution of wages and the ex ante reduction of labor cost
Assuming first that wages at the firm level balance demand and supply for each type of

employee within the firm and second that the cost of capital is held constant, we have :

logw = [R - ZN’NT[N]_l[ZN’NT[N Iog(1+ T(W)) +2 kT loge, +u- v]

where Iog(1+ T(W)) = (Iog(1+ T(Wl)), ey Iog(1+ T(W L )))’ :

The distribution of gross wages inside firms is a function of structural parameters (elasticities
of substitution, price elasticity of demand and wages elasticities of supply), cost- shares of inputs ,
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payroll tax rates and unobserved components affecting both the demand and supply labor
equations®,

Using the wage equations above, we can derive in each firm the expression of wages by
categories of workers at date 1994 with tax rules of 1994 and 1997. This permits to deduce the
firm’s ex ante labor cost reduction t, which is simply equal to the sum of the L workers-level ex

ante subsidies. Indeed, we have t, +...+t, , with ty, the ex ante labor cost reduction for
workers of type j defined as, = T, [Iog(1+ Ty, (wjyg4))— Iog(1+ Ty, (ijg4))J, T, being the share

in labor costs (capital cost excluded). The firm’'s ex ante labor cost reduction can thus be
expressed as:

t= t(z’ R’ T[N,94’T[K,94’CK,94’ u94’V94)

Ex post variation in gross wages and employment

The growth rate of the interest variables (mainly employment and wages of the various types
of workers) over the period 1994-1997 are obtained by differentiating the wage and labor

equations above. Assuming the labor cost- shares of the different categories of W('ir,{f]_e)al(e
held constant and denotingTTN=Diag(ﬁNl,...,ﬁNL) the vector of these shares and

ty = (tNl S ™ ) the vector of the ex ante labor cost reductions associated to the various types
of workers, the growth rate of wages can be written as:

|R-=, i J2alogw = |1 -1, )= T Alog(l+ T(w)) + = (T Aloge, +Au - Av|

The termAIog(1+ T(W)) can be split into two terms : the variation only due to the change in the

tax rule (holding gross wages constant) and the variation due to the adjustment of gross wages
between 1994 and 1997 (the tax rule being that of 1997):

T Alog(L+ T(w)) =T, [log(t + T, (W, ) — log(L+ Tos(ws, )]
=Tl [Iog(1+ Tor (W94 )) - Iog(1+ Tos (W94 ))]

+ T, [Iog(1+ Ty (W97 )) - Iog(1+ Ty (W94 ))]
The first termt,, =Tt [Iog(1+ Tor (W, )) - log(L+ T, (WQA))] is simply the vector of the ex

ante reductions corresponding to the different types of workers. Assuming then that the second
term is as a function of the growth rate of gross wages i.e.

i, [log(+ Ty, (W, )) — log(L + To, (W, )] = Ty Al log(w), we have:
Alogw :[R SN A ( —A)]_l[(l— T )Z ntn + 2T Aloge, +Au —Av]

® The share of each factor in total costs enters this equation. These variables could be expressed as a function of the
true underlying heterogeneity sources of the model (the structural parameters and the firm specific component of
heterogeneity in productivity and demand and wages). However this is not important for our analysis. The crucial point
in this equation is that given the shares, the distribution of wages inside the firm is a function of the firm specific
components u and v.
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To define the changes in wages as functions of the ex ante labor cost reduction, we have to

assume some restrictions on the elasticies of substitution betweeh ¢hgegories of workers
concerned by payroll tax subsidies :

O, =Ny =ON, Ok,Ol<1 etdj=1,...,L%°

This is the case if workers concerned by tax subsidies are perfect complement (sufficient
condition)!. Under this assumption, the growth rates of gross wages and employment can be
expressed in each firm as :

Alogw =[R -3, 11, (1 = A) e (-1t )t + 2, T Aloge, +Au—Av]
AlogN =RAlogw + Av

where ¢, is the (L ><1) vector equal to qQy =|_0'N]_ —aJ_l X The interest variables
=1...,

(employment, gross wages, capital, value added,...) can therefore be written as :
Ay =Ay(5,R,A, T, T, ,Cy , AU, AV, 1)

Comparing factors affecting both the ex ante labor cost reduction and the interest variables ,
we can note that unobserved firm level components (technology and demand for the demand side
and firm level wage component on the supply side) are specific to the ex ante reduction. The
variables of interest are indeed taken in evolution and thus are not dependant of these specific
effects. Common factors include structural parameters, shares of inputs in total cost, capital cost
and demand and technology shocks. Finally, equations can be rewritten as:

Ay = Ay(®,v,t) and t = t(®, w)
where @ represent common factors; and « demand and productivity shocks affecting

respectively the variables of interest and the ex ante labor cost reduction. Note that firm specific
components entex but notv 2

®These restrictions implpy v =0 0O Lk <1 et Oy, =0y O | >| and k < | wherel D{].....,T} is the

set of worker types whose wages is below the upper threshold 1.33 times the minimum wages of the change in the tax
rule (which is firm specific)

' Given the definition of Allen Uzawa substitution elasticities; = CC, ; /C;C; where C is the cost function, it is
straightforward to see that the condition is satisfied as long as the cost function can be written as
Clen,--Cn,Cu_v--Cy, J= ClAy Gy, +++-+ Ay Cy .Cyy ,--Cy )

*21f supply and demand shocks are modeledas= u® + u?t+u? et v, =v® +v@t+v?  thenu® and v

does not enteAu, and Av; but u; and v, .

44



Appendix C : Elimination of outliers and data set construction

The data set construction includes several steps. We first build up a balanced sample of firms
from the BRN source, selecting firms in Manufacturing and Non Manufacturing sectors (except

the energy, agricultural and financial sectors) present in all five years 1993-1997. We also keep
information from the date of firm’s first appearance in the data source BRN to compute changes
of some variables used as controls.

We then remove from the sample firms for which one of our main variables had erroneous values:
- firms with non positive values for value added, number of employees, capital and wage bill,

- firms for which the annual growth rates of the value added, capital and employement are less
than the 1 percentiles of these distributions or more than th& pércentiles in the sector (2-
digit).

- firms which are extreme outliers in the distributions of the logarithms and the first differences of
logarithms of labor productivity, capital labor ratio, labor and capital costs.

These restrictions yield to loose 50% of the firms in Manufacturing and 60% in Non
Manufacturing. This strong rate of elimination is mainly due to “clean-up” on the capital cost.

We then merge the data from BRN with DADS, selecting only firms in both data sources for the
years 1993 to 1997. The merging eliminate 9% of the remaining firms in both sectors. We then
realize a last clean-up on our variables of interest and control variables, which induce an
additional elimination of 14% of firms. The final sample is made of about 30% of the 295,118

firms, available in the BRN initial balanced sample. It has 87,720 firms, in which 34,371 firms

(39%) belong to Manufacturing and 53,349 (61%) to Non Manufacturing. Those firms employ

3,772,941 individuals, 2,053,777 (54%) in Manufacturing and 1,719,164 (46%) in Non

Manufacturing.

Despite an important elimination of observations, our analysis sample provides an overall growth
rate of employment which is close to that of the national accounts (see table below). Both changes
indicate a fall of employment in Industry and a rise in Services. Nevertheless, our sample gives a
weight too much important to Industry and not enough to Services, as compared to national
accounts. Moreover, it underestimates the decrease of employment in Industry (-1,2% over the
period 1994-1997 against —2,6% in national accounts) and the increase in Services (+2,5% against
+5,7%). For the building sector, the growth rates of employment from both sources are however
quite similar (-5,3% against —5,6%). Such differences are frequent, when comparing data from
firms and national accounts.

45



Appendix D : Semi Parametric Quasi Maximum Likelihood estimation of the score
function (manufacturing, 32769 observations and non manufacturing, 49614

observations).

Variables

Manufacturing

Non

Manufacturing

Firm level variables (general)
Value added (log)

Labor productivity (log)
Capital labor ratio (log)
Operating income capital ratio
Firm mark-up

Share of labor cost

Firm variables in difference (general)
Value added (growth rate)

Total factor productivity (growth rate)
Capital labor ratio (growth rate)

Operating income capital ratio (difference)
Firm mark-up (difference)

Share of labor cost (difference)

Financial variables

Cost of capital (log)

Cost of capital (growth rate)

Debt ratio

Ex ante variation in the cost of capital

Work force heterogeneity

Share of young unskilled men

Share of prime age unskilled men
Share of old unskilled men

Share of young skilled men

Share of prime age skilled men
Share of old skilled men

Share of young highly skilled men
Share of prime age highly skilled men
Share of old highly skilled men

Share of young unskilled women
Share of prime age unskilled women
Share of old unskilled women

Share of young skilled women

Share of prime age skilled women
Share of old skilled women

Share of young highly skilled women
Share of prime age highly skilled women
Share of old highly skilled women

Sectoral variables

Average labor cost of unskilled worker (log two digit level)

unskilled worker (growth rate two digit level)
Entry rate (three digit level)

Exit rate (three digit level)

Import rate (two digit level)

Export rate (two digit level)

-0.311 (0.011)
-0.940 (0.011)
-0.081 (0.026)
-0.070 (0.015)
0.485 (0.015)
-0.536 (0.023)

-0.064 (0.011)
0.223 (0.013)
0.043 (0.012)
-0.000 (0.012)

-0.079 (0.012)
0.037 (0.014)

0.132 (0.013)

-0.016 (0.011)

0.049 (0.008)
0.167 (0.011)

0.068 (0.009)
-0.052 (0.009)
-0.018 (0.008)
0.054 (0.010)
0.002 (0.009)
-0.018 (0.011)
-0.234 (0.011)
-0.130 (0.009)
0.073 (0.011)
0.195 (0.010)
0.056 (0.010)
0.059 (0.013)
0.100 (0.009)
0.022 (0.008)
0.013 (0.008)
-0.039 (0.011)
-0.022 (0.009)

0.092 (0.012)
-0.021 (0.012)
-0.142 (0.010)
0.044 (0.009)
-0.325(0.022)
0.103 (0.020)

-0.397 (0.010)
-0.651 (0.014)
-0.293 (0.019)
-0.099 (0.012)
-0.604 (0.012)
-0.615 (0.016)

-0.046 (0.008)
0.117 (0.011)
0.061 (0.010)
0.037 (0.008)
0.059 (0.011)
0.059 (0.011)

-0.013 (0.011)

-0.019 (0.010)

0.017 (0.006)
0.077 (0.010)

0.075(0.007)
0.069 (0.008)
0.028 (0.008)
0.057 (0.007)
0.004 (0.008)
0.025 (0.007)
-0.160 (0.009)
-0.102 (0.008)
0.161 (0.007)
0.266 (0.009)
0.099 (0.007)
0.069 (0.006)
0.149 (0.008)
0.051 (0.007)
0.043 (0.006)
-0.007 (0.009)
-0.035 (0.008)

-0.180 (0.009)
-0.028 (0.008)
0.167 (0.005)

-0.042 (0.007)
0.579 (0.030)
-0.726 (0.031)

Note : Also include sector dummy variables at the one digit level. Level variables are taken in 1994, variables in
difference or growth rate are taken over the longest period available when at the firm level and over the period 1990-
1994 for variables at the sectoral level. All variables have been centered and reduced. The coefficient of the intercept
and one dummy sectoral variables have been constrained to equal there estimated values in the linear estimation of a the

logistic transformation of the treatment variable= Iog(t/(O.lO— t) :
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Appendix E1 : Estimation of parameter E(y(t) - y(0))
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Appendix E2 : Estimation of parameter E(ay(t)/dt)
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Appendix E3 : Estimation of parameter E(y(0)t) and E(ylt)

s Manufacturing

Non Manufacturing

15

10

-15

Note : Obtained with series estimator with a degree of polynomial approximation of 3. The solid line are the estimated
values. The doted one are respectively the lower an upper bound at 5% obtained with 500 replication of the bootstrap.
The upper solid line is the expectation of output given treatment. The lower solid line is the expectation of the
counterfactual given treatment.
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Appendix F : Common support
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Figure Fa : Percentiles of the score distribution by class of treatment —manufacturing
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Figure F2a : Percentiles of the score distribution by class of treatment —non manufacturing
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