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Summary

The aim of this article is to evaluate the effetti® cost of R&D capital, and more particularly of
the tax credit on R&D expenditure, introduced imre since 1983, as a fiscal incentive to private
R&D. A user cost of R&D capital is derived with iexfect capital markets, corporate and
shareholders taxation. A special treatment is dal/tt the introduction of the incremental tax credi
on R&D expenditure. We distinguish the user coshwi without the tax credit in order to assess its
specific effect.

Data on French companies over the period 1979 3 200 used in the empirical test in order to
evaluate the determinants of the R&D. The effecth&f user cost on R&D is identified by the
change in the tax policies during the estimatiorigake More particularly the changes in the statytor
rate of tax credit, the floor and the ceiling te the use allow measuring the effect of this major
incentive to the private R&D.

The main determinant of the R&D expenditure remaimgys the future demand prospects, but the
user cost of R&D capital has also a negative effegppecially because the tax credit strongly resluce
its user cost. It is shown that if the rate of tiais credit is raised by 10 %, the optimal stoclR&D
capital will increase by around 2.4 %, which is fiamm being negligible. In this case, the long run
increase in the R&D expenditure is around 2 timasgdr than the budgetary cost for the
government.
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1. INTRODUCTION

These last years several papers were interestée effects of liquidity constraints on the
investment and the R&D expenditure by using inteomal comparisons based on panels of
companies. For the R&D, it appears that the fir@rmnstraints are stronger in the countries where
the financial source is more market-oriented likethe United States or in the U.K., while they
were less pronounced for the countries of contaddfiirope like Germany or France.

However these papers generally neglect the effédh® cost of the capital on the
investment mainly because this cost of the capstalifficult to measure at the individual level of
companies. Recently, Chirinko, Fazzari and Mey&99 and 2002) proposed to use prices of
investment at a very detailed sectoral level, comtiwith different depreciations rates in order to
obtain a sufficient individual variability for theser cost of capital. They found a cost elastiofty
the investment of about -0.3 to -0.5.

This recent approach is opposite to the more toadit one which uses the characteristics
of the tax system in order to compute a firm’s avast. It was initiated empirically in a neo-classic
model of the investment by Hall and Jorgenson (L9%Rereafter, the theory was improved to
analyze the effect of the tax systems on the imvest by Stiglitz (1973), Auerbach (1983), King
and Fullerton (1984) or Mayer (1986). DevereuxeKend Schiantarelli (1994) developed an
empirical analysis of asymmetries of the tax systetmereas Summers (1981) estimated the effect
of taxation in a model of the type Q of Tobin. Cums) Hassett and Hubbard (1994) suggest the
use of the changes in tax system to obtain a naxperiment allowing to estimate the effect of the
cost of capital and the tax policy on firm’s invesint. Harhoff and Ramb (2000) use this method
to empirically evaluate the effect of the Germandgstem and Crépon and Gianella (2001) applied
this approach for France with a complete modehofdrs demand.

Since the beginning of the Nineties, this approaek applied to the R&D expenditure of
companies. First, Hall (1992) was studying therftial constraints and the source of financing for
the R&D expenditure. After some first attempts e eightiel the effect of tax policy on firm'’s
R&D was evaluated by Hall (1993) in the United 8satThis study was adapted for many
countries: let us quote for example Harhoff (19f%)Germany, Dagenais, Mohnen and Therrien
(1997) for Canada, Griffith, Sandler and Van Ree(E®05) for Great Britain, whereas Bond,
Harhoff and Van Reenen (1999) compare Germany aedt@ritain or Bloom, Griffith and Van
Reenen (1999) which carry out an internationalystuda set of countries.

The aim of this article is to evaluate the cosR&D capital, and more particularly of the
tax credit on the R&D expenditure of French firriige use the traditional derivation of the user
cost of R&D capital in the presence of taxationgmsed by Hall and Jorgenson (1967). This paper
is mainly intended to the study of the tax credit R&D, which was established since 1983 in
France in order to sustain the firm’'s R&D and tareot the policy based on specific research
contract between firms and government. The Freaxlttedit is incremental because it is based on
the increase of R&D expenditure with respect tceaqa of reference. This incentive mechanism
was modified many times since 1983 with changdsasis, rate, ceiling level or reference period.
All of this change will be documented in section 3.

! See for example the papers by Eisner, StevenligteBu(1983) or Mansfield et Switzer (1985) whiptopose such an
analysis..



As shown in Figure 1, the number of companies wieicter into this tax credit program
reached 7 500 in 1990, but decreased after talfalin to 3 300 in 1999. The total budgetary cost
for the government begins at 430 Million Francs k6§) in 1983, to reach a top of 5 Billion Francs
(740 ME€) in 1991, which was a considerable burdenpiblic finances. It decreases thereafter to
stay between 400 and 500 M€ by year. The cosh®btidget is 428 M€ in 2003 before the policy
reform of 2004.
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Figure 1 : Number of Firms and Total Budget Cost
of the R&D Tax Credit, 1983 — 2003.

These data should be compared to the R&D experditiuall French firms which amount
to 21.6 Billion Euros in 2003 or to 11.3 Billion Es for only the firms which use the R&D tax
credit. Approximately 52 % of the total R&D expdénde are affected by this tax credit. On
average, the tax credit reduces the cost of the @&fenditure for firms by 7.5%.

[Results on effect of RTC in various paper....]

The empirical model will be presented in the needt®n. It is based on the neoclassical
model for the optimal R&D capital. An optimal lomgn capital, which depends on demand and
user cost of capital is derived with no explicitjumiment cost. It is placed into a dynamic
specification with errors correction in order tdimste the long-run effects as well as short run
dynamics. The third section will be devoted to toenputation of the user cost of capital at the
firm’s level and to its decomposition accordingtie introduction of the R&D tax credit system.
The impact of the tax credit will be studied ac@ogdto the case where the firm can fully benefit



from tax credit, or the case where the firm carnus# the all the tax credit because it is above the
authorized ceiling, or because there is a decr&fade firm’s R&D.

The estimation results will be presented in Sectofor a model without theoretical a
priori for the user cost of capital. It is a purelgscriptive benchmark model where the tax credit
rate is introduced as a determinant of the R&D.eBosid set of results is commented for the full
model without or with tax credit. We will investigathe long run effect on R&D from a policy that
raises the rate of tax credit. Finally some commevill be made on the simultaneity issues and on
the robustness of our estimates.

2. THE EMPIRICAL MODEL OF R&D CAPITAL DEMAND

Following the seminal papers of Jorgenson (1963hé Sixties, we use the neo-classic
model of the investment based on the traditionaliligium relationship between the marginal
productivity of the capital and the real user awistapital which is outlined in Appendix A. This
long run relation is also valid for the R&D capitstbck in order to determine its optimal level for
the firm. The level of production depends on theclkstof R&D capitalK, and on a set of other
factors of productiorX, like labor, energy or fixed capital that are fyeadjustableC is the user
cost of capital, which will be defined below, aRdhe price of output.

aFt+l(|<t ' >(t+l) - Ct+l
oK, P

(1)

The temporal shift in this equilibrium conditionrmes from the delays between capital
installation and the production. The R&D capitatehes defined at the end of the pertodut the
production is assumed to be only affected by thmtalainherited from the last period. The R&D
expenses of yedrare passed into the R&D capital only at the endhat year. Therefore the
optimal capital stock at the end of the period wébend on the expected production, the expected
output price, and the expected user cost of capitalobtain an empirical equation, we assume a
production function with a constant elasticity abstitution o=p/(1+p) between the R&D capital

and the other production factors, wheres the returns to scale, not necessarily constant.

Qui = Fua(Ki Xo) = K7 + (- 0)x 5177
The optimal capital stock in logarithmic form iseth:

kt =a+ Bqt+l - O-(Ct+1 - pt+1) 2)
where variables in small letters indicate the labar of the variable, witf3 =0+ (1-0)/v the

output elasticity ando the price elasticity of R&D capital respectiveljhe output elasticity of
capital is one 8 = Lif there are constant returns to scale=1, or if the production function is

Cobb-Douglas (with a unit elasticity of substitutjo: o = 1



Now we introduce a more realistic assumption abl@tprice setting. We assume that the
price is also a variable of decision for the firrachuse it has a market power, especially with
differentiated goods. This assumptions allows tmielate the use of the output prices in the
equation because they are generally not observdtieatindividual level, but rather at a more
aggregate level.

To avoid using the real productio)( because it is computed by deflating the current
production by the output price index, the demandagfital model is transformed (3) in order to use
the nominal level of productioriV(= P.Q) instead, and thus the price variald® is eliminated. It

is assumed that the company faced a demand witinstant price elasticit) = D,.P™ (£>1)

with D, =Q, /P, is a demand independent from the firm’s outputeprbut which depends on
the general price level and on the overall busirsgde. By inverting the demand, a relation
between price and nominal production is obtain®= D'*.Q™"*, and thus the real output can be
written asQ = Dy V*, with the mark-up rat@=[1-(1/€)]"*. This last expression in logarithms is

then substituted in (2) in order to remove the peatluction. The optimal demand for R&D capital
will then be expressed as :

k=a +6v-aoc 3)
with a'=a+ o1 d, and e:(o+(1—o)ﬂ) .
(e-Dv v

The optimal capital stock is always negatively ciiéel by the user cost with an elasticity
proportional to the elasticity of substitution betm this capital stock and the other factor
(composite) of production. If the production fumetiis Cobb-Douglasd = )1the nominal output
elasticity of the capital will be still unit@ =3 = &s in the previous case with the real production.

On the other hand if there are constant returssate ¢ = J), the output elasticity becomes:
0=0+(@1-o)u=1 if 0<1

If the elasticity of substitution is assumed lowlean unity © < 3, the output elasticity of
capital will be less than unity if the returns take are more important than the mark-up coefficien

o=c+@1-0)H <1 if vep>1.
\Y)

The optimal R&D capital (3) depends on the nomunsgr cost of capitakc and on the
nominal production of the firm. The autonomous dedhaill be expressed in the estimates by
time-dummies, in the absence of other proxy vaesbln order to take account of the various
delays in R&D projects, this long-run expressiothisn introduced into a dynamic specification in
the form of an autoregressive distributed lags maité 3 lags : ADL(3,3).

Ko = a+y,K +Y,K, +YsKis +BoVig B,V +B,Vi +BaVi,
*+0,Cyy +0,C +0,C, +05C_, TE

(4)



Opposite to the traditional model of investmenwimch this specification is differentiated
in order to obtain an accelerator specificatiofis #hDL model will be transformed into an error
correction model ECM(3,3) for the estimatios in most studies on the investment or R&D, the
logarithmic difference in the R&D capital stock iseplaced by the R&D rate

(Ak, = R /K,_, +constantwith R the firm's R&D expenditure). Sometimes a distrémlitag in the
profit rate is added up to the empirical model ey to take account of a liquidity constraint
because of imperfect capital markets or of asynmimitformation between the firms and investors.
However here this liquidity constraints as proxythg past profit rate are clearly rejected by the
data as in previous study by Mulkay, Hall and Mséee (2000) for R&D in France. Thus the
empirical equation will be, with the individual efftsa; and time effectg, :

R Ria Ri-s
=aq; + + +&,AV,,, + &, AV, +EAV,
Kit_l i nl Kit_z n2 Kit_3 EO it+1 El t EZ t-1 (5)

+ZOACit+l +Z1Acit +Z2Acit—l +¢(kit—1 — Vit _Cit)+)\vit +)\Icit +¢t T E&;

In this errors correction model, the long-run effeaf the R&D determinants depend only
on the parameter on correction of ergowhich largely determines the speed of adjustmeamd, on
the parameters on the level variable3 hey are given by the expressions :

th =1—A and -off :1—L (6)

@ ¢

On the other hand, short run elasticities are arsdge nonlinear function, which can be
computed from all the dynamic parameters of the ESpiification. However it is possible to give
a simple expression for the mean lag for the detemts of the R&D respectively the nominal
sales and the user cost of capital) as :

ML:EO+51+52+H1+HZ—1 and _O.ML:E‘()+E‘1'*I'E'2+r11+n2_1
P-A ¢ ®-A ¢

6 (1)

The first term depends on the dynamic parameterghenvariable considered, which
corresponds to distributed lags part, whereas #worsl term depends on dynamics of the
dependent variable. The long-run elasticities dredrmean lags with their standard errors can be
computed from the estimated parameters and thangaicovariance matrix.

In the empirical section, the errors correction pladgill be estimated on an unbalanced
panel data over a fairly long period (up to 25 geaf observations are available from 1979 to
2003). The generalized method of moments (GMM) seir® most tempting a priori (Arellano and
Bond, 1991). In this case, the model is initialijfetentiated in order to remove the individual
effects, and variables lagged twice or more arel aseinstruments. The advantage of this method

2 Mairesse, Hall et Mulkay (1999) outlines the diffieces in the approach based on the acceleratoelmaod the

approach by the error correction model. The lalemato preserve the long run equilibrium relatibigs whereas there
is no static equilibrium by differencing, but arudidprium growth path in the former. This modifideeply the dynamic
properties of the model. Moreover the use of amrecorrection model is only a reparametrization dylinear

transformation of the ADL model which gives adjustrhpath to the optimal capital stock (see Mulkdagll, Mairesse,

2001). Bond, Elston, Mairesse et Mulkay (2003) entsan international empirical comparison of inwe=tt models
including Euler equations with explicit adjustmenst function.



rests on the fact that the instruments are usedntrol the bias due to the presence of the lagged
dependent variable in the regressors, as well @sithultaneity bias. However instrumenting the
first differences of the variables by their levidaves a small correlation between the explanatory
variables and the instruments, implying roughly iegise estimates, even if the instruments prove
to be valid. Therefore it is quite difficult to dvahe relatively precise conclusions with this noeth

of estimation.

Following Mulkay, Hall and Mairesse (2001), we mathprefer to use the traditional
within-individuals method of estimations where thdividual effects are removed by centering the
variables relative to their individual averagethe empirical specification, a temporal fixed effec
is added in order to control for unobserved vagapWhich are constant over individuals. Therefore
only the intra-individual and intra-temporal vaiilglp is considered in the estimations.
Unfortunately it is then impossible to identify te&ects of the firms-invariant variables, such as
the aggregate prices. However this within-firmgneation method is certainly biased due to the
presence of the lagged dependent variable as essagr(see Nickell, 1981), but this bias decreases
quickly when the number of time periods increaasst is the case with out fairly long panel data.

The measurement errors are another source of Wiaigh leads to small parameters
estimates if they are random distributed or if thag be considered as a noise. These measurement
errors are likely to occur with the user cost gbital, which depend on several assumptions about
the firm’s behavior. But generally we are not atdecontrol for such an individual behaviour with
the available accounting data. Therefore this @a beason for which the parameters estimates can
be biased downward. Finally the endogeneity of éRplanatory variables can lead to another
source of bias. We consider here that this simeitgrendogeneity bias is relatively weak, and it
does not change dramatically the parameters esfimat

3. THE RESEACH TAX CREDIT IN FRANCE

3.1. A decomposition of the user cost of capital

The contribution of this study is to introduce st of R&D capital as a determinant of
R&D expenditure. In this section a decompositiornthed user cost of capital will be presented in
order to focus on the effect of the research tadicr More particularly the variability of each
variable in the time or individual dimension willebinvestigated because the within-firms
estimation method is based only on the within-tmin-firms variances and covariances.

Following the seminal study of by Hall and Jorgen$b967), an expression for the user
cost of capital is derived in Appendix A, which éepls on the price, interest rate, economic
depreciation of the capital, and finally the rabégaxation and tax depreciation. Ignoring the firm
and time indices, the user cost of capital is :

% Mairesse, Hall and Mulkay (1999) showed with @éxnvestment equation and the same type of mbdethere are
relatively small differences between the withinyfd and GMM estimates, but the later exhibit vemgeastandard
errors.



C=P™ sr+(1-5)-P+ o _m
1-1t 1-t 1-1t 1-71

(p+a-m-—L (p+6—n)} (®)
1-1

where PR® is the price index of R&D expenditure, the corporate tax rate on profitsthe debt

ratio, p the discounting rated the economic depreciation ratg,is the rate of inflation on

investment price,quéf/(p+6f) is the fiscal depreciation allowances wiilh, the rate of

depreciation allowed by the tax laws, and finallis the impact of the tax credit for one unit of
R&D expenditure. The part in square brackets walldalled the rate of user cost of capital because
it can be interpreted as the part of one unit R&&t is used in one period as a rental price.

Assuming no risk premium, generally difficult to aseire at the individual level of the
company, the net yield required by the investprss given by equalizing for the shareholder the

return on bonds of the compa(in—tO)R (with R the interest rate on riskless bonds), which igdax
at a ratet,, and the return on a share of the compbﬁgdtd+(1—d)tp)]p. The tax on shareholder
income is different according to divideﬁdta or capital gainst,, with d the exogenous rate of

distribution of dividends out of total net profithese tax rates have been modified many times
during the period of observation 1980 - 2003 duthtochanges in economic policy (see Table B3
in data appendix B). They can be considered agalatMperiments for the firms which can adapt

their behavior according to the policy chariges

As the user cost of the capital is introduced igalithms in the R&D capital demand

schedule, it can be splitted into two parts : ti&DRprice index and the rate of user cost of capital
(«w) which contains the inflation, depreciation antkiest rates as well as the tax parameters.

log(C) =log(P"") +log(Q) 9)

with:  Q :[sr+(1—s)15’T +1i —(Jrj—lﬂ (p+6—n)—%(p+6—n)} (10)

We propose here a decomposition of the user casteo€apital (8) in order to assess the
effects of the research tax credit. If we defing) @s the rate of user cost of capital without the
research tax credit :

w=|sr+f-9) 2 S () W5
| e

-7 1-1t (1-1) 1-1

the logarithm of the rate of user cost of capital be rewritten as :

log(Q) = log(w) +[log(Q) - log(e)] = log(w) +log(w) (11)

* In France there is an inputation mechanism whiténaates the double taxation on dividends, fitghe firm level
and at the shareholder level. This system is cakawir Fiscal” with a ratet,- such that the dividend tax rate is
ty =t @+t )—t, wherety is the marginal income tax rate. In the empirisaidy, we use the maximum

marginal income tax rate.
® See Crépon and Gianella (2001) for comments oohhace in the tax rates.



In this expression the first part corresponds t® hhasic user cost of capital without the
fiscal incentive of the research tax credit, and siecond part is the differential effect of this
research tax credit on the rate of user cost oftadag\s ¢ = Q/w it shows how the rate of user

cost of capital decreases when the tax creditkentao be account becaus@ € w,andgy< ). 1

Therefore it is possible to estimate the effect afhepart of the rate of user cost of capital with
different coefficients because it is not sure ttimé parameter is the same for both part, due to
measurement errors or individual unobserved factors

3.2. The Research Tax Credit (RTC)

A tax credit on the R&D expenditure has been iniamdl in France since 1983 as an
incentive to increase private R&Pmainly directed towards small and medium-sizediresses.
This is an incremental tax credit because its hags the increase in the R&D expenditure relative
to a past level. The tax law concerning this resetax credit (RTC henceforth) has changed many
times during the period with change on its basia the concerned industfiesn its rate, and on its
ceiling (see Table B3 in appendix B).

In 1983 and 1984, the rate of the RTC was fixed 58 2f the increase in the R&D
expenditure relative to the previous year with dirgg of 3 million French Francs (0.46 M€). In
1985, the rate of the RTC passed to 50 %, withlangeaf 5 million Francs (0.76 M€). In 1988, the
ceiling was re-examined with a rise for an amodrit@®million Francs (1.5 M€). The ceiling finally
reached a level of 40 million Francs in 1991 (6.£)Mnd was not revised any more thereafter
However, starting from this date (1991), the inseean the R&D expenditure was computed
relative to the two previous years average. Morgdwetween 1988 and 1990, a second incremental
tax credit was proposed on the increase in the R&penditure of R&D compared to a base year
1987, with a ceiling of 0.9 million Francs (0.14 M€

Even if the budget envisaged a possibility of refngaf this RTC if the companies would
cease or decrease their R&D expenditure, thigplastision was not generally applied. We will also
neglect the impossibility to use current tax crdmitause it can be carry forward on future profit
during 3 years. In the same way, we will not takeoaint of the possibility to offset “negative” tax
credit (due to a decrease in R&D) on later “posititax credits. That implies that the tax credit
research is not available when the expenditure&D Rf the company decreases. In consequence,
there is also a floor to the use of the RTC.

® The internet site of the Ministry of Research giveore information about the Research Tax CrediErance :
http://mww.recherche.gouv.fr/itechnologie/mesur/cifhe French R&D tax credit is also describedhia « Guide du
Credit d'lmp6t Recherche » where we can find thecize definition of the RTC and the applicationgarss. The report
on the « Mesures de soutien a I'lnnovation et aveldppement technologique » (March 2002) of the isdig of
Research evaluates in a chapter the RTC systeim 2Q0tl. Finally, Asmussen et Berriot (1993) hawsligtd the RTC
on the early period 1983-1989. All these documargsunfortunately in French.

" There is a special definition of the R&D expenditwhich serves as the RTC basis, this is a méeiiwestment and
salaries of researchers plus a share of the owerrgaenses. We assume here that there is a coretianbetween the
basis for R&D Tax Credit and the R&D expendituresetyved in the R&D surveys, which are defined altglines of
the Frascati manual.

8 The industry of food, drink and tobacco, and tiduitry of clothes and leather were excluded fdvernRTC system
before 1992, but they were eligible since 1992.

° Except with the introduction of the Euros where ¢leiling was rounded from 6.098 M€ to 6.100 M€.

10.



The R&D Tax Credit has been reformed in 2004 with ititeoduction of a part of tax
credit based on the “volume” of R&D expenditureaatate of 5% : this leads to an immediate
decrease in the price of R&D for firms by 5 %..the same time, the incremental tax credit rate
was reduced to 45% instead of 50%. The ceiling waased to 8 M€ in 2004. In 2006 the rate of
tax credit on the “volume” has been put to 10 %levkiie incremental rate was then decreased to
40%, and the ceiling was set at 10 M€. These refqgoshed the budgetary costs to 928 M€
(instead of 428 M€ in 2003), an rise of 117 %!

A second reform in 2007 changes radically the systehe incremental tax credit was
suppressed. Instead a very generous tax creditla@ded : there is a tax credit on the total R&D
expenditure with a rate of 30 % up to a ceilindl00 M€ or R&D expenditures, and with a rate of
5% for R&D expenditure above 100 M€, without aniyliog ! We cannot measure the efficiency of
such reforms because our data covers the perital 2003.

Table 1 shows the parts of the firms in the samplehvare under the floor and above the
ceiling, as those which fully benefit from the RTQur figures are rather close to those of the
Ministry of Research (2000, 2002) which notes ihat996, it has 51 % of recipients among the
7 008 applicants to the program. This is to be coathaith 54 % recipients in the sample with our
computations.

FULLY

FLOOR RECIPENTS CEILING TOTAL

1983 47.1% 49.9% 3.1% 459

1984 40.9% 54.6% 4.4% 496

1985 40.7% 51.4% 7.8% 589

1986 41.2% 52.1% 6.7% 624

1987 40.3% 53.0% 6.7% 894

1988 38.7% 56.5% 4.8% 982
1989 38.8% 56.1% 51% 1058
1990 39.7% 56.2% 4.1% 1167
1991 35.6% 62.8% 1.6% 1251
1992 41.1% 57.5% 1.4% 1273
1993 43.6% 55.0% 1.4% 1326
1994 42.7% 55.8% 1.5% 1473
1995 41.9% 56.8% 1.3% 1592
1996 45.0% 54.2% 0.8% 1590
1997 44.7% 54.1% 1.2% 1582
1998 41.2% 57.3% 1.5% 1576
1999 40.3% 57.4% 2.3% 1565
2000 47.0% 51.4% 1.6% 1381
2001 47.5% 50.2% 2.3% 1237
2002 48.9% 49.3% 1.8% 1133
2003 53.3% 45.5% 1.2% 1021
TOTAL 40.5% 51.6% 2.4% 25701

Table 1 : Floor and Ceiling of the Research Tax Cwdit in the Sample

11.



The part of the firms at to the floor (with decreasR&D expenditures) has a rising trend
since 1991 by reaching 53 % of firms in 2003 an®6l9vhereas this level was lower at the
beginning of the period. That can be explained leyetonomic business cycle, but also by the fact
why the RTC becomes more and more difficult to gbta@cause it is necessary to increase each
year its R&D. The part of the firms exceeding thdimg strongly decreased when the ceiling
quadrupled as from 1991. After 1991 this ceilingefitective only for less than 3% of firms in the
sample. Finally the CIR applies fully for approxi@g 52 % of the firms of the sample, but with a
decreasing trend after 1991.

The computation of the effective tax credit rateand the parametey for the incremental
RTC is presented in Table 2 with the rate of tax credit : 25 % in 1983 and 1984| ad % since
then. Until 1990, the basis of the RTC is the inseemn the expenditure of R&D relative to the
previous year. But as from 1991, it is based ordifference between the current R&D expenditure
and the average of the two previous years. Compardtie derivation of the appendix A, this
slightly increases thg parameter by multiplying it by a fact<61.5+p)/(1+p) larger than 1. Thus the
tax credit effect will be higher than the effecteothe former period (before 1991) if the other tax
parameters were constant.

Another interesting features of the incremental ¢eedit is that its effect rises when the
required nominal rate of returp increases. As the average nominal rate of retdectines over
the period due to a lesser inflation rate, the ceftef the RTC has fallen drastically since the
eighties. With a nominal rate of incremental tardit of 50 %, as the average nominal rate of
returns has fallen from 11.5 % in 1990 to 5% in 20he effective rate of R&D tax credit has
decreased from 7.5% to 3.5% between 1990 and @R ing the incentive effect of this policy.

. Effective Rate Parameter of the R&D Tax Credit
Firms of R&D Tax
Credit 1983<t <1990 t>1991
At the Floor
=0 =0 =0
R <R, Y Y
Between the Floor RD _ _RD RD
and the Ceiling 6 =0 y=0P~T y=062 T {1+11+" j
Ra<R <R, e tro L 2 1+p
Above the Ceiling o =0 & y= 0" p—TT° =0 p—T° 1+11+T[RD
R>R, 1+p 1+p 2 1+p
Level gf Ceiling RTCG™ +PFR RTCG™ N P*R_,+PR_,
(Rw) 0 t e 0 2

Table 2 : Effective rate of R&D Tax Credit andy Parameter.

The general ceiling for the tax credit is no®TG™. It corresponds to a maximum level
of firm’s R&D (R_,), also shown in the Table 2, which depends on &B R the previous years.

To take account of the floor of the RTC, the effetiax credit ratd®” is set to zero when the R&D
expenditure does not increase relative to the pusviyears level. On the other hand if the RTC
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exceeds the authorized ceiling, the effective taxlit rate@” is proportionally reduced to the R&D
surplus. The effect of the special tax credit of yhars 1988 to 1990, relative to the base year 1987
is obtained in the same way as that derived in AgpeA, but with more complex expressions
given that it relates to the difference betweencimeent R&D and the R&D carried out for the year
1987.

Figure 2 presents the annual averages of the oks&a( credit parametey according to
various assumptions. Thig parameter is a percentage that can be interphl&edhe reduction
price of the R&D because of the RTC. The basic eftécthe price reduction for a firm fully
benefiting from the RTC (with an increasing R&D ewggure, but below the ceiling) is shown in
bold. The normal line corresponds to the averagecefie parameter, taking into account the firms
which does not benefit from the RTC because theylmlew the floor (decrease in R&D
expenditure), or firms above the ceiling with aueed effect of the RTC.

15%

—&— Fully Recipients

12%

== All Firms

9%

6%

3% -

)

0% - : \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘
1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003

Figure 2 : Average Effects of the Research Tax Créd y Parameter.

On average, the tax credit reduces the price oR&P by 3.5 %. For 100 Euros of R&D
carried out by the firm, approximately 3.5 Euros i@inded to him on average by a tax cut. This
effect increased until 1991, to reach 7 %, buettliethes since then until the end of the observation
period with less than 2 % after 2000. An investmaf this decline in incentives shows that the
main causes is the fall in the nominal rate of metuHowever, if the company can fully benefit
from the RTC, the average effect is larger by aldohtpoint. The special tax credit from 1988 to
1990 strongly increased the incentives to carry R&D. In 1990, the average effect was 7 %,
whereas for the companies being able to use flodlgd two tax credits, it culminated to 13 %.

The averages of the logarithm of rate of user colstapital are given in Figure 3 with or
without the introduction of the research tax cretilie average rate of change in this rate of user
cost due to this RTC is also given on the rightescdlthis figure. The rate of user cost of capital
has a clear increasing trend during the period 119881 with short-term variations. Thereafter, this
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rate of user cost is decreasing since 1993. Arertggn of the various components entering into its
expression shows that the evolution is mainly du¢he difference between the nominal interest
rates and the inflation rate on the R&D.

The difference between both rate of user costsestathe effect of the research tax credit.
It does not seem to be a large difference dueisotdix credit. Started in 1983, the incentive dffec
has increased up to 5 % in 1991 (except for themianal year 1990). As we have shown earlier
this effect has been reduced during the nineti@® 6 % in 1995 to a very small average decrease
in user cost by 1 % in 2003.

-1.20 0%
| \ W‘
-1.40 /\ 3%

+ -6%

-1.60 -

-1.80 +

-2.00 12%
\ / V —4—\Vithout RTC |
-2.20 =8 \\ith RTC L _15%

+ -9%

I S

'2.40 T T T T T T T T T T T T T T T T T T T T T T T '1SOA)
1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003

=== Effect of RTC in % (Right scale)

Figure 3 : Average Log Rate of user cost of R&D Cadial : 1979 — 2003.

3.3.  Descriptive Statistics (1979 — 2003)

Some descriptive statistics (median, quartilesyageand standard deviation) on the main
variables used in the analysis are presented ireTablhe average size of the firms in the sample is
rather high with a median of 313 workers, becaasger companies are more likelihood to do
R&D. The median number of R&D workers is only 13tlwagain a strong asymmetry in the
distribution : the average is 7 times higher thaa median. These firms carry out on average
9.6 M€ of R&D per year, or 110 000 Euros per redestn.c

The median rate of R&DR/K) is 15.7%, whereas a depreciation of R&D capifal® %
was assumed, which leaves a small 0.7 % per yedramaet increase of the R&D capital stock.
The annual growth rate of employment is on average% while the average growth rate of
nominal value added is 3.7 %, mainly due to theaye inflation of 3.5 %. The nominal user cost
of the R&D capital increased annually by 3.4 % orerage, including 2.5 % because of the
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inflation on R&D, and 0.9 % because of the chamgthe rate of user cost of capital that we have
documented before.

The average rate of user cost of R&D capital, wiegresents the cost of detention of one
unit (or a real franc) of R&D, is about 19.5 % vath the RTC effect and 18.8 % with it. The effect
of the tax credit is relatively weak because it éosvthe rate of user cost by only 0.7 percentage
point in average.

o 0 n

Ly o = s S Esx E» 2

o ks g 5 £2 =82 Ltz TE £3

E S & S £ 55 25 8§ 8% &g

< L% E n o £0 z> z> >

= s} 0

L 127 313 770 1075 4718 1690 940%  0.1%  5.9%
LRP 6 13 36 86 436 203 90.0%  0.0% 10.0%
R 368 922 2991 9663 57262 31298 86.1% 03% 13.7%
R/K 0.120 0.157 0.200 0.170 0.097 0.125 23.8% 0.7% 75.5%
Log(V) 8590 9.496 10.460 9.576 1.439 0508 93.2% 1.1% 57%
Log(K) 7.968 8797 9.965 9.089 1593 0.298 97.9% 05% 1.6%
ALog(L) -0.040 0.000 0.044 0.003 0.198 0.277 10.0% 0.6% 89.4%
ALog(LP) -0.071  0.000 0.105 -0.093 0.965 1.033 47.6% 0.1% 52.4%
ALog(V) -0.058 0.043 0.141 0.037 0.308 0435 6.3% 22% 91.5%
ALog(K) -0.032 0.007 0.048 0.014 0.080 0.100 255% 1.6% 72.9%
y 0.000 0.011 0.035 0.020 0.026 0.028 17.0% 28.3% 54.6%
W (without RTC) 0.170 0.193 0.221 0.195 0.044 0.032 41.9% 342% 23.9%
Q (with RTC) 0.165 0.186 0.211 0.188 0.042 0.034 43.3% 26.7% 30.0%
 (change) -0.062 -0.019 0.000 -0.036 0.049 0.053 17.0% 29.0% 54.0%

Sample : 25 701 observations on 2 431 manufactdirnmg. Period : 1979 - 2003.

Variables L : total employment and™® : R&D employmentR: total R&D expenditure (in thousands of Eur
K : (real) R&D capital stocky : nominal value added (in thousands of Euros).

y (basic) : the parameter of the RTC effect on t&r @ost of capital (see Table 2)

w (without RTC) is the rate of user cost of capitéhout the research tax credit effect, wher@agwvith RTC)
includes this RTC effectp = log(w) — log(Q) shows the change in the user cost due to the &fECt.

Table 3 : Descriptive Statistics on the Variablesl©79 - 2003).

The standard-deviation in double within dimensioithim firms and within years) are also
given in Table 3, as well as the decomposition tl teariability in the sum of a variability between
firms, a variability between years and the doubidtw variability. This decomposition is
important because only this double within variapiWill be exploited in the estimation of the next
section. Usually on data of panel, variables ireldéike employment, or the R&D expenditure has a
very low double within variability, because totariability comes mainly from the differences
between the companies. The opposite is noticed thghR&D rate or the growth rates of value
added which are very volatile, with a low intertesrgd variability. However a large part of the
variability of the user cost of capital is due e intertemporal differences, which indicates ttsat
average annual level varied largely during thequeriThe share of double within variability of the
RTC effect is about 54 % which can be used in esiimaafter removing firm-specific effects
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which can be due to fiscal parameter of the firrd e fact that it can reach the floor of the ogjli
of the tax credit, as well as the time-specificefé which can be the sign of policy change in the
tax credit system.

The rate of user cost of capital, with or without RTC effect, has relatively little double
within variability, with a standard deviation araud %. Moreover, the share of double within
variability is weak with less than 21 %, and eveh% when there is no RTC effect taken into
account. However the difference in the rate of usEt due to the RTC, is mainly a matter of
double within variability (48 %).

4. THE EMPIRICAL EFFECT OF THE USER COST OF CAPITAL .

4.1. A descriptive empirical model.

Now let us turn to the empirical results of the remmetric estimation of the determinants
of R&D expenditure. In this section a simple ertorrection model, introducing directly the effect
of the R&D tax credit is estimated in the withinnfis dimension with a full set of time dummies,
which amounts exploiting only the double within iaaices and covariances.

A constrained form for the user cost of capitahat imposed here. Therefore we focus
only on the direct effect of the R&D tax credit whireduces the user cost of capital. We compute
the reduction parametgrwhich can be interpreted as the percentage reduitithe price of R&D
expenditure due to the R&D tax credit (see Tabldt2Jepends on the nominal tax credit rate and
the floor or ceiling level for each firm. It variedso with the firm’s nominal rate of return. This
variable is included in the error correction moaeladditional variables.

R Ria Ri
=qa, + + +&,AV,,, + &, AV, +E,AV,
Kit_l i nl Kit_z nz Kit_3 EO it+1 El t EZ t-1 (12)

+ q(kit—l - Vit )+ AVit + 6Oyit + 6lyit—l + 62yit—2 + 63yit—3 + ¢t + 8it

Here we discuss patrticularly the long run elasésitof the optimal R&D capital with
respect to its various determinants. The whole sestimated parameters of the model will also be
shown in order to assess the short run dynamicadgnt process.

An attempt to introduce a profit rate measure asadditional variable measuring a
liquidity constraint does not prove successful. Tdrgy run coefficients of this profit rate are never
significant, and even slightly negative in mosboaf regressions. Therefore we do not add up such
a profit rate in all of the following estimationsdause the liquidity constraints do not seem td lim
the R&D expenditur®. This can be due to the high persistence in thegiR&D process.

10 This fact had already been mentioned for FrancElbikay, Mairesse and Hall (2001).

16.



The estimated parameters, the regression statstiashe long run effects are presented in
Table 4, with standard error robust to general bet&dasticity. The R? adjusted for the degrees of
freedom, reached 36.7 %, which is quite small btiskctory on panel data. This implies that most
of the individual variability in the R&D rate cannbe explained by such the variables, and it
remains a large part of idiosyncratic variabilityfirm’s R&D behavior.

(1) (2
Parameters of Error Correction Model
Estimates Std. Error Estimates Std. Error

R/G (t-1) 0.267** (0.058) 0.247* (0.060)
R/G (t-2) 0.054 (0.036) 0.066 (0.039)
Alog(V) (t+1) 0.010%* (0.003) 0.009* (0.003)
Alog(V) (1) -0.020%* (0.006) -0.017* (0.006)
Alog(V) (t-1) -0.014* (0.003) -0.014* (0.003)
Error (t) -0.112** (0.007) -0.092** (0.008)
log(V) (t) -0.057* (0.007) -0.044* (0.007)
y (t+1) -0.176** (0.056)
v () 1.007* (0.040)
y(t-1) 0.065 (0.058)
y(t-2) 0.185** (0.043)

Long - Run Effects

Estimates 5Standard Erro  Estimates  Standard Erro

Production 0.487** (0.043) 0.515** (0.052)

RTC Effect 11.795* (1.610)

Regression Statistics

SSR 91.0798 85.491

s 0.082080 0.079534

R2 - adj. 0.3258 0.3670

Log Likelihood 18 607.6 191134

LM Het. Test 541.05 [.000] 491.29 [.000]

Dependent variable : R/G (t)

15 977 Observations - 2 431 Firms - Period : 1983 - 2002.

Within estimation with a full set of time dummies.

Heteroscedasticity consistent standard error in parenthesis.

*: significant at 5 % level, ** : significant at 1 % level.

SSR : Sum of squared residuals, s : standard error of regression.

LM Het. Test : Lagrange Multiplier Test of general heterosceadsticity with p-value in
squared brackets

Table 4 : Estimation of the Descriptive Models
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The coefficient of the error correction terms ihemtweak, even though highly significant,
indicating a strong persistence in the R&D expendit and a very long lag in response to
exogenous shocks. In fact, the first autoregressoedficient in the ADL specification is always
larger than one (around 1.15) but it is compensdtgdhe second and third autoregressive
coefficients which are always negative. However R&D rate is strongly persistent because the
error correction parameters is small (around 0.T0¢ level of value added has a small negative,
but significant, coefficient rejecting the hypotlsesf unit elasticity between output and capital
stock. Many of the individual parameters are nghi$icant due to large number of parameters to be
estimated. However the short run parameters onevatlided are often significant, that shows a
somewhat precise dynamic adjustment to output shock

The long run elasticities of the R&D capital to tredue added are around 0.5 with a value
always significantly lower than unity. If we conerdthe theoretical equation (3), we notice that it
requires either an elasticity of substitution largean the unit to allow a mark-up rate higher than
the returns to scale, or a small elasticity of sitdtgon, but with returns to scale higher than the
mark-up rate. Both hypotheses do not make sensgety it is possible that measurement errors
in expected future production bias downward thesttity.

The long run effect of the effect of tax credit retgositive and large with a value of 11.8.
It is estimated with a good precision because fighly significant in the second regression. But
the change in this variable: the effect of tax credit rate is small because nominal rate of tax
credit is multiplied by a small real discountingtiar :

_ -RD RD
Oy [Py 1T 50272 (in 2003). (15)
00 1+p 2 1+p

If the nominal tax credit rate increases by 10 @etage point (from 50 % to 60 %) for
example, this leads to an effect on the rate of R&@round 0.032 (= 11.8 x 0.0272 x 0.10) . The
optimal knowledge capital will rise of 3.2 % forllfurecipients firms which is a rather significant
increase in the knowledge capital stock.

Let us note that short run coefficients are oftégniicant, but the first coefficient
corresponding to the expected tax credit of the gear rate has a small negative coefficient. This
is an obvious effect with an incremental tax crelfithe firms expects that the tax credit will be
higher in next period, it has an incentive to redtie present R&D expenditures in order to benefit
of a large increase in its R&D expenditure. Howether estimated parameter of the current change
in the tax credit effect is the larger becausdities will react strongly to the current tax credit

4.2. The model with the user cost of capital.

In a second set of results, we analyze the effetheuser cost of capital such as it was
defined in the expression (10). Thus we assume @& roonstrained form linking the various
variables that enter its composition. An extensainthis model is also presented where the
decomposition of the cost of capital (11) presentedSection 3.1 is used in order to assess
particularly the effect of the R&D tax credit. Bgsauming that the elasticity of the R&D capital
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optimal stock can be different for each compondnthes decomposition, the long run optimal
capital expression becomes:

k=a+606v+aolog(w) +o'log(Q) + a”" log(y) (13)

where w and Q are respectively the user cost of capital withand with the research tax credit
parameter, andp = Q/w is the ratio of these two user cost, indicatihg effect of the RTC. A
formal test of the equality between the parameiéthe cost of capital could be perform in order to
accept or to reject the constrained form for th&t ob capital or to assess whether the variables ar
not measured with errors. The model estimated \Wwitke various effects is as follows :

% =a;+n, 2:12 +n, Elt: +&oAVi,y T & AV, +ELAV,
+{oAlog(w,,,) +{’Alog(wy, ) +{;Alog(w, )
+{5A10g(Q;.,) + {7 Alog(Q,) + {5 Alog(Q; ) (14)

+{gAlog(W,.,) + Y Alog(W, ) + {3 Alog(W; ;)
+ q(kit—l Vi T IOg(Qit ))
+Av, +A%log(w, ) + A° log(Q,) +A* log(y,) + ¢, +¢,

The results of estimates, as well as the regrestadistics, are presented in Table 5. The
first column (regression 3) takes again the esBnwtthe model with the demand as the only
explanatory variable, without introducing the usest. The next two columns are concerned with
the user cost of capital without the tax creditapaeter (regression 4) or in its complete form
including the RTC effect (regression 5). Finally @dal where the effect of the tax credit is
decomposed into the user cost without the RTC e#Hadtthe change in user cost to the RTC, is
estimated in the last column (regression 6).

When the user cost of capital is introduced in #simation with its constrained
expression, there is a statistical improvementgerteeless modest, of the quality of the estimates,
even if the best model here it does not reachehel lof adjusted R2 of the non-constrained model
of the preceding Section (regression 4 : adj.RZ3262). The user cost of capital without the effect
of the tax credit (regression 4) is not better tti@nregression (5) without this term. It is onlizem
the tax credit is taken into account (jointly opaeately with other elements in this user cost) tha
the regressions become better.

The accelerator effect of the demand is very stahblgtever the selected estimates with the
same long run coefficient (0.50). Here again, wel fa too small elasticity, which are significantly
lower than one, to accept the assumption of a immadf Cobb-Douglas production, or equality
between the returns to scale and the mark-up Téte.short run coefficients of the value added
show the same profile as in the previous regressiwhile the error correcting term has a similar
estimate, and thus the same slowness of the adjustprocess to reach the equilibrium capital
stock. In fact the mean lags computed from theregés show a very long delay of 7 years for the
demand and between 6 and 8 years for the useotoapital, in order to have a mean effect of a
permanent shock on the R&D capital stock. The R&Bnseto be adapted very slowly at the firm
level, or the firm smoothes its path.
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If the model (4) where the user cost of capitalhwnitt the research tax credit effect is
introduced, its long run elasticity is negativeeapected theoretically, and significant at 5 % leve
But its long run effect (-0.15) is small becauseithier a very strong inaccuracy in the estimate of
this effect because of the heterogeneity in R&Davedr, or a lack of substitution between the
R&D and the other factors of production. A thirdasen to this small elasticity could be the
measurement errors in this user cost of capitahlmee it is difficult to compute marginal and not
average interest rate, the required (adjustednirisk) rate of return, and the rate of depreamti

of R&D.

(4) (5) (6)

Parameters of Error Correction Model

Estimates Std. Error Estimates Std. Error Estimates Std. Error Estimates Std. Error
R/G (t-1) 0.267** (0.058) 0.267* (0.058) 0.264** (0.059) 0.249** (0.059)
R/G (t-2) 0.054 (0.036) 0.054 (0.036) 0.057 (0.036) 0.064 (0.039)
Alog(V) (t+1) 0.010** (0.003) 0.009** (0.003) 0.009** (0.003) 0.009** (0.003)
Alog(V) (t) -0.020** (0.006) -0.020** (0.006) -0.019* (0.006) -0.018* (0.006)
Alog(V) (t-1) -0.014** (0.003) -0.014* (0.003) -0.014* (0.003) -0.014* (0.003)
Alog(w) (t+1) -0.003 (0.008) -0.005 (0.008)
Alog(w) (t) 0.018* (0.008) 0.010 (0.007)
Alog(w) (t-1) -0.007 (0.006) -0.008 (0.006)
Alog(Q) (t+1) 0.039** (0.007)
Alog(Q) (1) -0.004 (0.009)
Alog(Q) (t-1) -0.006 (0.006)
Alog(y) (t+1) 0.107** (0.029)
Alog(y) (1) 0.128** (0.036)
Alog(y) (t-1) 0.085** (0.023)
Error (t) -0.112* (0.007) -0.111* (0.007) -0.110** (0.007) -0.094** (0.008)
log(V) () -0.057* (0.007) -0.057* (0.007) -0.056** (0.007) -0.046** (0.007)
log(w) (t) -0.128* (0.010) -0.098** (0.011)
log(Q) (1) -0.140** (0.009)
log(W) (t) -0.611* (0.044)
Long - Run Effects

Estimates Std. Error Estimates Std. Error Estimates Std. Error Estimates Std. Error
Production 0.487 (0.043) 0.486** (0.043) 0.485** (0.043) 0.515** (0.051)
Cost Cap. (without RTC) -0.148* (0.069) -0.039 (0.082)
Cost Cap. (with RTC) -0.277* (0.073)
Effect RTC -5.474* (0.783)
Regression Statistics
SSR 91.0798 90.9997 90.314 86.2814
S 0.082080 0.082056 0.081747 0.079913
R2 - adj. 0.3258 0.3262 0.3313 0.3610
Log Likelihood 18 607.6 18 614.6 18 675.0 19 039.9
LM Het. Test 541.05 [.000] 543.72 [.000] 52491 [.000] 502.59 [.000]
Dependent variable : R/G (t). 15 977 Observations - 2 431 Firms - Period : 1983 - 2002.
Within-Firm estimation with a full set of time dummies. Heteroscedastic conssitent standard errors in parenthesis.
*: significant at 5 % level, ** : significant at 1 % level. SSR : Sum of squared residuals, s : standard error of regression.
LM Het. Test : Lagrange Multiplier test of general heteroscedasticity.
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Table 5 : Error Correction Model with the User Costof Capital

By adding to the user cost of capital the effectha research tax credit, the statistical
guality of the estimate is improved. The assumpdiba zero coefficients for the user cost of capital
variables in regression (5) is clearly rejectecabiyald test. Moreover adjusted Rz increases sjightl
in spite of the rise in the number of estimatechpaaters. The long-run elasticity of the user cost of
capital including the R&D tax credit is larger thaefore with a value of 0.28. It indicates that the
R&D tax credit improves the price reaction of tlent which increases the substitution between
knowledge capital to other production factors.

The regression becomes even better when the effd®T0 is added separately from the
user cost of capital in regression (6) mainly beeaaf the change in user cost due to this RTC,
which becomes highly significant. The long run edst of the R&D capital to its user cost
(ignoring the RTC effect) is smaller, and not sigraht. This can be explained by the same
hypothesis as before on the measurement errdng &tin level.

If the long run parameters for the change in usst due to tax credit is interpreted like an
elasticity of substitution. It seems to be unreaddm (-5.5), even if it is more precisely estimated
However we find an estimated elasticity from thef@ioient of the tax credit effect that is quite
close from the estimates by Bronwyn Hall (1993) tfee United StatéSwhich goes from —2 to —
2.7 for the elasticity of the R&D to the after tasice of the R&D. This can be due to a larger effect
when we consider an incremental tax credit botrance and in the U.S.

In these results, we can remark that the expedbethge in the tax credit parameters
directly (regression 6) or through the user costagital (regression 5) has a negative affect en th
R&D rate. This is again due to the reduction of entiR&D expenditure if the firm expects that the
change in future tax credit system will become npdditable. This negative effect is offset by the
positive effect of a change in the current tax itrpdrameter. However, as for the demand effect,
the cost of capital and the tax credit effects\agy slow with a mean lags of about 7 years for
these variables. The large reaction delays can bdaalthe small error correction parameters. The
dynamics of adjustment is conditioned by the lagghe autoregressive form which can be biased
towar}gs zeros due to the within transformationhef autoregressive model, even with a fairly long
panet-.

5. THE EFFECTIVENESS OF R&D TAX CREDIT IN FRANCE.

™ The comparison between our model and the model bgeHall (1993) for the U.S. is not easy beacuse lkad a
Euler equation specification with explicit adjustmhecosts, whereas we do not specify any a prionnfdor the
adjustment process. Moreover the estimation methoglslifferent : generalized method of momentsrat Hifference
for her study, within firm estimation method heFénally the estimation period, the corporate tagtem, and the R&D
tax credit are somewhat different between Francetlae U.S.

12 This is the well-known bias in dynamic panel. Skekell ( 1980) for example.
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5.1. The effects of an increase in the rate ottaxlit.

In this last section, we study the effect of a @olaiming to boost the private R&D by
changing the rate of research tax credit. To meaberémpact of a legislative change in the R&D
tax credit system, it is necessary to study howdtfective rate and the parameter of tax credit
moves when the rate of tax credit is increasethérfollowing of this section, it is assumed thad t
change is a rise in the statutory rate of tax ¢tregilO points, from 50 % to 60 %. To prevent that
some firms do not pass the ceilimrc™ for the same level of R&D expenditure, the ceiling
also increased by 20 % : from 6.10 M€ to 7.32 M€.

Several cases should be considered : the firdeseta a firm which fully benefits from the
RTC. In this case, the increase in the statutoeywall reduce the user cost of capital as indicated
in Table 2. The effect will be identical, althougloportionally reduced, for the firms hitting the
ceiling. On the other hand, if a firm is below tih@or, the incentive effect will be null because it
does not benefit from the RTC. In assuming such levier, we neglect the case when a firm
changes sufficiently its R&D behavior in order t@sp the floor or the ceiling. In the first case th
firm will increase, and not reduces, its R&D, andhe second, the firm increased its &D a lot to
pass over the ceiling limit of the RTC.

The first model can be used directly to evaluatedtiect of the rise in tax credit rate,
because the considered variable is the effectieeafatax credit by 10 points. For the firms betwee
the floor and the ceiling of the RTC, the optimal R&apital stock will be increased by about
3.2 %. If we assume that a half of the firm ishet floor, with a decrease in R&D expenditure and a
zero effect of the change in tax credit rate, apglecting the reduced effect on the firms above the
ceiling, there will be a total effect on the aggegR&D capital by 1.6 %. The aggregate effect is
then lowered to an half, but the total budget ¢osthe government is the same because it is only
affected by a fall in corporate taxes from the &rabove the floor which benefit from the RTC.

If the adjustment of optimal capital stock is imnad, a rise in the R&D expenditure of
3.2 % should be noted for the firms which fully béhfrom the RTC, and of 1.6 % for the whole of
the firms. In 2003, the R&D tax credit had a budggtost for the government of 428 f€by a
reduction of corporate taxes. The R&D expenditur¢heffirms recipients of the RTC was for the
same year to 11.3 Billion Euros. Consequently, & iin the statutory rate of tax credit,
accompanied by a rise of the ceiling of 20 %, woh&le cost approximately 86 M€ for the
government budget (20% of the previous cost). Butould have involved an increase in the R&D
expenditure of 1.6 % for the recipients firms, tisato say 181 M€. The multiplier effect is far from
negligible because it is larger than 2 times thewmh of the budgetary cost.

In order to qualify the RTC effect, we also useeh®r correction model where the rate of
user cost of capital is decomposed on a fist pdue rate of user cost without the tax credit gffec
and a second part the change in rate of user cestadthe tax credit, as described in the long run
expression (9). To determine the effect of an econguulicy increasing the R&D tax credit, we
must remembered that the rate of RTC appears ordygh the RTC parametgrin this rate of
user cost (see expression 11). Therefore the lamgffect on the R&D capital stock the stock of a
change in this RTC parameteis given by :

3 Source : Ministry of the Research.

22.



_ RD
ok :0n6|09(l]J) :0"6Iog(§2) :0"36_9 _ —o"i p+od—Tr _
oy oy ay Q ay Q 1-1

Using the definition of this RTC parametgr= 9((p—nRD)/(1+ p))(1+ 051+ T°) /(1 + p)) for the
later period (1991-2003) in Table 2, we obtain fin#the effect of a change in the rate of tax credit
as:

_ RD _ +RD RD
Ok _OKOy_ _prlfpromm fpomj, v (15)
006 odyodo Q 1-1 1+p 2 1+p
Because this effect depends on the particular vafligsme variables, we evaluate it for a
10 point rise in the statutory rate of tax creditusing the 2003 average for the variables in this

expression :p=0. 041 m*° =0.022, &= 015, r =0.041 and s= 038 also enter into the
computation ofQ = 0.161The corporate tax rate is taken in 2063=0.  3B#hally the long run
estimated coefficient of the tax credit effectdken in the regression (8" = -5.4Td give :

a—g =—(-5.474).(0.0443 = 0.243.

Therefore a 10 points increase in the rate of taditrimplies a rise of 2.4 % in the
optimal R&D capital for the full recipients of thiax credit. For firms with a decreasing R&D, this
policy has no direct effect because they are utidefloor, and the RTC parameteis zero. If we
assume that half of the firms fully benefits frohetRTC, the aggregate effect will be a rise of
1.2 % of the R&D capital stock. This result is sreafthan the one obtained with the descriptive
model (1.3 %), but the difference is quite weak sTimproves our confidence in the computation of
the effect of the tax credit : for a budgetary aois86 M€, the equilibrium R&D expenditure will
rise of 136 M€.

5.2. The transitory and permanent shocks on theitadit.

The mean lags for the determinants of the R&D chpita rather long. The computation
shows that for the production, it exceeds 6.7 yeans again longer for the effect of tax credit
which culminates at 6.9 years. These delays are lyndure to the high persistence of R&D
expenditure, which is showed in the weakness ofestenated error correction parameter. This
parameter is about — 0.09 in our preferred spetiino (7). It implies that only 9 % of the gap
between the optimal and the actual R&D capitallsisdilled each year, and thus the adjustment is
relatively slow.

We present in the Figures 4 and 5, the effectstodussitory or a permanent shock on the
tax credit effect variable log(¢ based on the estimated short run and long rurficeeits of the

regression (7). In these Figures 4 and 5, the @®8fidence interval are also shown.
The Figure 4 shows the effect of a transitory shatkhe tax credit variable taking effect

at time t = O which goes back to the initial rate at the folilogv periods. Let us note that the
maximum effect is reached after 2 periods, theledines slowly thereafter
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Figure 4 : Effect of a Transitory Shock on the Ratef Research Tax Credit.

An expected change in the statutory rate of tagited the next period has a negative and
significant effect. But we need to remember tha the expected rate in period which is taken
into the estimation. Therefore if the firm expectsise in this statutory rate next year, it has an
incentive to reduce immediately its R&D expendifuneorder to be able to increase them next year
to benefit of the future rise of the statutory ratéhe incremental tax credit.

The Figure 5 present the effects of a permanentksbodhe statutory rate of tax credit,
which are the cumulated effect of the transitorgcéls. The smooth and slow adjustment path is
striking. Only the half of the adjustment will beade after 5 years. After 10 years of this permanent
increase in the statutory rate, the estimated efeanly 75 % of the long run effect. There isl il
large room for adjustment in the later years. Thigife also shows that a current change in the tax
credit system has a direct immediate significafeéaef But it is quite small. Finally the effects af
permanent shock are quite imprecise as it is inekichy the 95 % confidence interval.

The incremental R&D tax credit seems to have a gtfong run incentive on the private
R&D in France. Perhaps it is due to its incrementdlre which acts on the increase in the R&D,
and benefit only to firms which undertake a gromomggram of R&D. However there are very long
delays for the R&D tax credit to be fully effectiimcause of the high persistence of the R&D
programs. Therefore if the R&D tax credit can héip private R&D in the long run, it does not
prevent the use of alternative policies in orddodos the R&D in the short run.
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Figure 5 : Effect of a Permanent Shock on Researchax Credit.

6. CONCLUSIONS

In this article, we develop an analysis of the @ffen the R&D expenditure of the user cost
of capital in an identical way as for the investmi@nfixed assets. In this empirical study abowt th
R&D in France, we are interested more particuldarlythe incremental research tax credit
introduced since 1983 which is based on the inereaf&D, in order to support the private R&D,
especially for small businesses. We propose toysthd effect of the research tax credit by
computing a user cost of capital with or withoustRTC.

A panel of French firms over the period 1979 - 2@98sed to empirically test the effects
of the various determinants of the R&D expenditwigh a dynamic error correction model in order
to distinguish the long-run effects from the shot-adjustment.

The main determinant of the R&D expenditure remaesoutput demand. On the other
hand, the user cost of capital has a very weaktivegeffect on the optimal stock of R&D capital.
However much of these components, can be badlyuresst the individual level, do not have
significant effects. But if we consider more pautarly the research tax credit, a rather important
incentive effect is found. By reducing the usertaasR&D capital, this tax credit significantly
supports the firm’'s R&D expenditure. If the curréak credit which is 50 % with a ceiling of
6.1 M€ is increased to a rate of 60 % (and a cpording ceiling of 7.3 M€), that would involve an
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increase in the optimal stock of R&D capital of 2042.6 %. In consequence, it also results in& ris
in the equilibrium R&D expenditure of 2.4 to 2.6 %, an increase between 136 to 181 M€ of the
private R&D expenditure at a budgetary cost of 8 Mhis multiplier effect (around 2) must
certainly be consolidated by other studies on Hratata, because it is much more important than
that generally advanced by the international aitibst”.

In spite of this important effect of the researak ¢tredit that was underlined, the principal
problem resulted in slow adjustment process ofRE® to a change on these determinants. It can
take many years in order to have a significantceffdloreover, the distributive effect of the
research tax credit between firms because of toe ind the ceiling in the RTC. If a firm reduces
or stabilizes their R&D expenditure, there is nfeeff of the RTC. This threshold effect remains an
important problem, which would deserve theoretieald empirical researches to qualify the
distribution of the benefits of this economic pglitn the same way, deeper studies of asymmetries
in the tax system, with regard to the carry forwafdhe losses or the unused tax credits should be
undertaken later so as to refine the results obdamithin this framework.

14 See for example Hall and Van Reenen (2000) or OEZLD?2) for international comparisons of empirisaldies on
the R&D tax credit. They concludes that these fisgeentives lead to a rise in private R&D expeadit which is
approximately equal to the budgetary cost.
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APPENDIX A':

THE SPECIFICATION OF THE USER COST OF CAPITAL

This appendix aims at specifying the derivatiorthaf user cost of capital, i.e. the cost of impletimgnone
unit of R&D capital during one period (one yeat).id based on the assumption that the company nsegnits
intertemporal value which is measured by the disting sums of future dividends:

maxV, = > B,Div, (A1)
t=0

with a discounting rate g, = HT:0(1+ p; )‘1 where P is the firm’'s net rate of return. The dividenddisfined by the

identity between the resources and the uses offiardl the balance sheet identity between two gerieor the sake of
simplicity, it is assumed that there are no newslgsues. Retained earnings and new debts caadtiie only changes
of the firm’s liability.

Din = OR —h Dt—l _Tt - PtRDRt + Dt - Dt—l

OR  :Operatingorofits

A :Depreciatnallowances
where T, :Coporatdaxes

D, :Firm'sdebt

R ‘R & D expenditues

Div, :ProfitsdistribuégDividendes)

The total dividend is expressed like the operafirafits less the debt charges increased of thehmaige in
firm's indebtedness, decreased of the load of &t ¢, D, ), the corporate taxes and the R&D expenditure DR

RRDR which is the gross change in the R&D capital stoetween two periods.

The corporate tax is taken at a constant rate aonston a basis where the interests and depreciation
allowances are deduced. A tax credit on the R&Deexjture is also allowed as a rebate on the compaaxes for the
company. This tax credit relies either on the vatithe current R&D or on the increase in R&D foriacremental tax
credit. To take account of these two forms of teedd, it is assumed that it depends on the R&Deexiitures of the
current year and the revaluated R&D expenditurab@®two previous periods:

T, =1,(0R-rD,-A)-Y 8RR,

i=1

with 6, the rates of tax credit on current and past R&peexiitures. 1f8, >0 and 8, =0 fori > 0, the tax credit

will relate to the total value of the current R&Bvestment. 1f8;, =—08, and 8, =0 fori > 1, there is a marginal or an

incremental tax credit on the change of R&D expemds relative to the last year. This is the FreRgIC before 1991.
Since 1991 the incremental tax credit in Francdédsed on the average of the last two years reealu&D

expenditures with®;, =6, ==06,/2 and 6, =0 for i > 2. All the intermediate cases can be studiedimithis
framework like the introduction of a tax credit current R&D expenditures from 2004 to 2006 in Feanc

We will not go into the details of the tax systemiet does not allow the negative tax or the refngdif
tax credit if it would be higher than the corportdges, nor difficulties of the carry forward oktflosses over several
years in order to eliminate a taxation from theufator former profits. In the same way, the diffi@s related to the
possible thresholds of the tax credit will not Issessed here.
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Finally the following expression for the dividenafsthe company can be written as:
Div, = 1-1,)(OP 1D, )+1,A ~P®°R +D, - D, l+Ze PF°R (A2)
i=0
The choice of the level of debt is very simplisticthis paper because it is not determined by &itrage
between the tax gain of the debt, the costs of lguky, and the control of the company by its nstiareholder. Thus

the firm’s indebtedness is assumed, in a first @gpration, to be proportional to the value of tissets of the firm
measured by the value of the capital at the replacé cost:

D, =s,P™°K, (A3)

By assumption, the depreciation allowances in car ylepends only on the gap between this yeartend t
date of the R&D expenditured;ﬂ =a with 0 < a < 1,Z_aj =1, and thus it is constant over time (the changes in
]

the tax policy are assumed not expected by the.firm

A :ZPRDR o (A4)
J=

Finally the last constraint to be taken into acdasrthe equation of evolution of the capital stoakich
depreciates economically at a constant date

K,=@-9)K_+R (A5)

By substituting the expressions for the dividena®)( the debt (A3) and depreciation allowances (ivthe
firm’s maximization program (A1) and by taking acot of the constraint (A5), the generalized Lagrangs obtained
for the firm’s optimization problem with the Lagigm muItipIier)\I+j of the discounted constraint for the change in

capital stock :
(1_T )[PF (Kt 1) - LS 1RR1DKt 1]_ PRD
maxv, = ZBt +sR™K, —s,RTK, 1+29 R™R +1,) RR®, (A6)

MK - a-8K,, -R]

— o0 t+J — o0 . . .
where @, = ZJZOBHjat = Zj:OBt+j a; represents the discounted value of the depreniaflowances for one unit

of R&D expenditure at the periad This variable only depends on the path of dept&gi allowances (for example
linear, double-declining or exponential) and ondiszounting factorsfﬁprj .

The first order condition for the R&D expenditurields an expression for the Lagrange multiplier as

(1 ze BH, L]PRD RRD%z(l_yt)RRD_TtRRD% (A7)

t t t

where : g, _=%"0E with = —Pp.; +T,;) and
L iyt S L

T, = PRD/PRD —1 is the inflation rate on R&D prices.

t+s t+s
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This Lagrange multiplier can be interpreted asrtfaeginal value of one unit of R&D capital at theipd t.
It is equal to the price of R&D, corrected by tlax tcredit effect, minus the discounted value of depreciation
allowances.y in this expression can be interpreted as the teffetax credit on the user cost of capital. ltuees the

price of one unit of R&D capital.

If there is no tax credif, =0 for alli, the full price of the R&D is used with-y =1. On the other hand,
if the tax credit depends only on the current vailfithe R&D (6, >0 and 8, =0 for i > 0), the price of the R&D
will be decreased by the rate of tax credlt~=y =1-6, <1. For the French R&D tax credit system before 1991
8, =-6, and B, =0 fori > 1, the price of the R&D will then be reduced bfaetor :

RD + RD _ D
yt - eo + el Bt+1 PtJFrelo - eo 1- 1 T[t+1 — eo pt+1 +1
Bt F)t 1+ pt+1 1+ pt+1

which is positive if we assume a nominal rate ¢ofime larger than the inflation rate. After 1991e tihcremental R&D
tax credit is based on the average of two lasbperR&D expenditure wittd, =68, =—6,/2 and 6, =0 fori > 2.
the reduction in price of one R&D unit is :

6B RY 6,8, RY
2 B R® 2B R™

_g1- L1 Ty _ 114700 1+ 765
2 1+ pt+1 2 1+ pt+1 1+ pt+2

_g | [Pe TR |, LIRS | P, —TES
0
1+pt+l 2 1+pt+1 1+pt+2

Assuming a constant nominal rate of return andiitfh rate, the reduction factor becomes :

_ RD RD _ RD
yt=eo(—p n J1+1(1+" ]:eo(—p n JXLS
1+p 2\ 1+p 1+p

These are the expression used in Table 2 to contipaiteffect of the R&D tax credit. Therefore theushe in tax credit
rules in 1991 increases by about 50 % the effedhisftax credit on the R&D price. Let us note tha effect of
incremental RTC is only due to the discounting lnd stream of the tax payments by the firm. If thisréo real
discounting, the incremental tax credit as no ¢ftacthe price of R&D. The tax credit effect wikk thigher when the
required rate of return is larger and the inflatiate is lower.

Y. =6,

Now the first order condition for the R&D capitabek is obtained from (A6) for all periods as :

oV,
oK

oF,,(K
= Bt [S PtRD _)\t]+Bt+1 (1_Tt+1){Pt+1%_ rt+1§ RRD}_SIPIRD +)\t+1(1_ 6) = O
t

t

This yields the expression for the after-taxes mnatgroductivity of the capital in value (witlBt /[3t+l =1+p.y):

aFHl(Kt) =1+ pt+1))\t -@- 6))\t+1 +(1- Tt+1)rt+1§ PtRD —-@+ pt+1)st PtRD t§ PtRD
oK, (A8)

= @+ P)A, — A=, [+ -1 )0 )~ L+ JS P

(1_Tt+1) Pt+1

31.



Let us now introduce the Lagrange multiplier foundexpression (A7) into (A8) in order to obtain th#éer-tax
marginal productivity of knowledge capital in value

OF..(K,)

oK = (1+ pt+1)(1_ yt)RRD - (1_ 6)(1_ yt+1) RTlD
t

+ [(1+ (1_ T) r.t+1) - (1+ pt+1)]s PRD
- Tt (1+ pt+1) PtRDLPt + Tt+1 (1_ 6) I:)t+R1|:)\'IJt+1

(1_ Tt+1) R+1

If we assumed for simplicity that the changes betwéwo periods in the tax credit parametgr is negligible,

Y, UV, ., as well as the change in the tax mat€his expression becomes approximately :

al:t+1(Kt )

oK O PtRD[le +6_T[5L1)]_StPtRD[pt+1 _(1_ Tt+1)rt+1]
t

_thRD[le +0- +[1)]
- T RRDth [pt+1 +0- T[tlil:l)

1= Ta)Ry

The same assumption is done for the discountecevafithe tax deductiod, for one unit of R&D. In fact if the
discounting factor is assumed approximately congtaear the period, we have :

1+p + ) BH‘] 1+pt+1)
+ B +1+ - = a, B + =¥
Y1 Tg Z wni® T, Z @+ Pr) B @+ Po) 2 Z % T

For the sake of simplicity, we assume that the 'firexpected required rates of retuf), which appears in the

discounting factor are constant over time in theirfet Consequently, the discounted tax deductiordépreciation of
capital is be equal to

Y =3 ([+p)'a
i=0

The depreciation scheme retained here is an expiahdepreciation of the R&D capital at a consteate
8, such that the depreciation allowances fac@ys= 98 (1-8,)’ are introduced into the previous expression to
obtain the discounted tax deduction for one unR&D in real terms :

w=> (1+p)'5, 1-5,) = (A9)
=3 o) 5
This expression shows that if the required ratestfrn increases, the tax deduction for depreciatiothe capital will
be reduced. In the same way, the tax deductioneasers when the fiscal depreciation rate decreasesuse
depreciation allowances will be diluted in time.

Therefore we end up with the traditional expresdimnthe marginal productivity in value of the R&D
capital and its user cost of the capit@) (

P aFt+1(Kt) - C _ PtRD (S (1_ Tt+1)rt+1 + (1_ S )pt+1)+ 6_ T[il;:l,)
t+1

oK. t+1 1-1,, _thJHl(le +5—T[[+1)_Vt (le + 5—T[t+1) (A10)
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The cost of the capital depends on the price oR&®, which is multiplied by what we called the gabf
user cost of R&D capital. This last factor can bieiipreted as the annual rental of one unit of R&Dreal terms). It
includes five elements: the first one is the interate which is a weighted average of the intamston the firm’s debt
and the vyield rate, corrected for corporate, th@ghtes the firm’'s debt ratio. It can be conside@sithe opportunity
cost of the funds raised to finance the R&D expemdi The second element is the depreciation eatd,the third
element represents the effect of the capital gdims to the inflation on R&D price. The fourth anfthf element
correspond to the reductions in the cost of thétalague respectively to a possible tax credit amthe tax deductibility
of depreciation of R&D capital.

This expression is closed from the one obtaine#idly and Jorgenson (1967) or King and Fullertons@d)9
The only difference come from the interest ratenterhere the rate of return on firm’s equity candiféerent from the
firm’s interest rate on its debt. If there is nwdeage effect of the debt or if there is no difféi@ between the interest
rate on the debt and the required yield on eqtliycost of the capital is rewritten like the Hatid Jorgenson user cost
of capital expression :

RD
Ct+l = (1_ T qJt+1 - yt+1)% [pt+l +0- T[t+l]
t+1

This user cost of R&D capital is also the samehasane proposed by Hall (1992) and Hall and VannRe&2000)
which is frequently used in the empirical studiéR&D cost.

33.



APPENDIX B :

DATA AND VARIABLES

1. The Data.

The empirical implementation of this study is baseda panel of French manufacturing firms over the
period 1979 — 2003. The accounts and balance ssléehe companies from INSEE were merged withdh&a of
Research and Development, collected by surveys&d Bf the Ministry of Research. As most of the fsrmdo not
answer these surveys on a regular basis, onlyirtihe fvith data on R&D for at least 5 times consieely have been
kept in this paper. Consequently, we have an unbathsample of 25 071 observations on 2 431 corapaBut only
3.2 % of the firms are present on the entire pendtereas 50 % of the firms are observed withostatitinuity only
during less than 9 years (see Table B1).

NUMBER Frequency Percent

5 341 14.0%
6 301 12.4%
7 234 9.6%
8 205 8.4%
9 223 9.2%
10 191 7.9%
11 120 4.9%
12 82 3.4%
13 113 4.6%
14 108 4.4%
15 76 3.1%
16 78 3.2%
17 99 4.1%
18 33 1.4%
19 48 2.0%
20 24 1.0%
21 27 1.1%
22 23 0.9%
23 18 0.7%
24 9 0.4%
25 78 3.2%
TOTAL 2431 100.0%

Table B1 : Number of Observations per Firms.

These companies are mainly large-sized. Most ahthave more than 500 workers on the average. The
industry composition of the sample is given in EaBR. The main industries of R&D firms are the Fedited Metals
(16.5%) the Chemicals-Rubber-Plastics (14.4%), thedElectric and electronic equipments (11.6%),levkilothing
and leather, Printing and Publishing, and Constincare the industries with less firms doing R&Dtlre sample. Let
us note that the sample contains some firms ine cadServices, mainly addressed to business.
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INDUSTRY Frequency Percent

Food, beverages and tobacco 142 5.8%
Clothing and leather 24 1.0%
Printing and publishing 11 0.5%
Drugs, perfumes, and soap 185 7.6%
Domestic equipment 105 4.3%
Motor vehicles 75 3.1%
Aircrafts, ships and railway materials 62 2.6%
Fabricated metals 402 16.5%
Electric and electronic equipments 282 11.6%
Mining and Minerals 77 3.2%
Textiles 53 2.2%
Wood, papers ans miscellaneous 39 1.6%
Chemicals, rubber and plastics 349 14.4%
Primary Metals 164 6.7%
Electric and electronic components 171 7.0%
Energy 29 1.2%
Construction 10 0.4%
Trade 83 3.4%
Services 168 6.9%
TOTAL 2431 100.0%

Table B2 : Industry repartition in the sample.

2. The Variables

We present here the main variables used in thessigms. The first one is the total R&D expendiiaresal
terms :

_ R& D,Expenditue
- pRD '
t

R

the price of the R&D PRD) is computed like in Mairesse, Cette and Kocogld0Q) as a weighted average of a wage
index for R&D workers, a input prices in the R&Dcsar, and the price of equipment goods in this@edthe weights
are computed with the total sum of these threestyyfeexpenditures in the R&D surveys for each y&ais price is
identical for all the firms.

The nominal production is measured by the firm'migadded\), while the real stock of R&D capitaK] is

computed by the perpetual inventory method witheaanomic depreciation rate of the R&D capitd)(of 15 %,
which is supposed constant over time and over firms

K, = (1_6)Kt—l +R.

We will describe here the way in which the variabémtering into the user cost of capital were cdegbu
from the accounting and balance sheets data afdimpanies.

» the debt ratiod) is measured like the ratio of the total debthaf tirm on the total of the firm’s assets. The Isalifn
of the debt DEBTS and the total of assets in the balance shée®TAL at the beginning and the end of
accounting year as the year averages. The ratebofigiby definition ranging between zero and one.

_ DEBTS, +DEBTS
% T TOTAL_, +TOTAL

» the apparent interest rateon the firm’s debts is given by the ratio of tieahcial fees EINF) on the part of the
debt bearing interest. Because of the lack of m&dion on the firm's debt structure, we assume tmdy a
proportion of 50 % of debts bears interest. Thisfmede implies a reasonable evaluation for the eppanterest
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rate. As previously, the average stock of debaken into account by the half sum of beginning and of period
indebtedness. In order to avoid abnormally higlueslfor interest rate, the maximum apparent intesés is set to
30%.

_ FINF,

r, =
QSX[DEBTSﬂ;-DEBTSJ

> the rate of returrp is computed from the yield of the government loegn bonds ) with a tax ratet,. By an
arbitrage principle, it should be equal to the ra¢ of return on firm’s equity with tax rate whieha weighted
sum of tax rate on dividends (including the impiotatsystem :t; =t (L+1t,-) —t,r) and tax rate on capital

gainstp. The weights are given by the rate of distributidlividends €) out the firm’s net profits.

ll_(dt'td + (l_dt)'tp)th = (1_t0)Rt

» the rate of distribution of the dividendd) (s given by a 3-years moving average of the ahrata of distribution
measured by the ratio of dividend3l{ID) on the net accounting profitBROFIT) which can be distributed to the
shareholders :

1 &, DIVID,,,

' 3% PROFIT,,

» the rate of inflation on the R&D expenditure’['?D) corresponds to the capital gain carried out ey ftrm for
holding one unit of R&D capital during one period.

RD _ pRD
ro _ R PR3

T

3. The Tax Rate and the Rate of Research Tax Credit.

The following table gives the tax rates of the Eretax system (corporate and shareholders) dunimg t
period 1979 — 2003, provided by the Ministry of &ice.
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1979 50.0% 60.0% 15.0% 25.0% 50.0% 40.0%
1980 50.0% 60.0% 15.0% 25.0% 50.0% 40.0%
1981 50.0% 60.0% 15.0% 25.0% 50.0% 40.0%
1982 50.0% 65.0% 15.0% 25.0% 50.0% 47.5%
1983 50.0% 65.0% 16.0% 25.0% 50.0% 47.5% 25% 457
1984 50.0% 65.0% 16.0% 26.0% 50.0% 47.5% 25% 457
1985 50.0% 65.0% 16.0% 26.0% 50.0% 47.5% 50% 762
1986 45.0% 58.0% 17.0% 26.0% 50.0% 37.0% 50% 762
1987 45.0% 56.8% 17.0% 27.0% 50.0% 35.2% 50% 762
1988 42.0% 56.8% 17.0% 27.0% 50.0% 35.2% 50% 1524 30% 137
1989 39.0% 56.8% 17.0% 27.0% 42.6% 38.4% 50% 1524 30% 137
1990 37.0% 56.8% 18.1% 17.0% 38.1% 40.3% 50% 1524 30% 137
1991 34.0% 56.8% 18.1% 18.1% 31.8% 43.1% 50% 6 098
1992 34.0% 56.8% 18.1% 18.1% 50.0% 35.2% 50% 6 098
1993 33.3% 56.8% 18.1% 18.1% 50.0% 35.2% 50% 6 098
1994 33.3% 56.8% 19.4% 19.4% 50.0% 35.2% 50% 6 098
1995 36.7% 56.8% 19.9% 19.9% 50.0% 35.2% 50% 6 098
1996 36.7% 54.0% 20.9% 20.9% 50.0% 31.0% 50% 6 098
1997 36.7% 54.0% 26.0% 25.0% 50.0% 31.0% 50% 6 098
1998 36.7% 54.0% 26.0% 25.0% 50.0% 31.0% 50% 6 098
1999 36.7% 54.0% 26.0% 25.0% 50.0% 31.0% 50% 6 098
2000 37.8% 53.3% 26.0% 25.0% 50.0% 29.9% 50% 6 098
2001 36.4% 52.8% 26.0% 25.0% 50.0% 29.1% 50% 6 100
2002 35.4% 49.6% 26.0% 25.0% 50.0% 24.4% 50% 6 100
2003 35.4% 48.1% 26.0% 25.0% 50.0% 22.1% 50% 6 100
Table B3 : Tax Rates and Research Tax Credit 19802003 (in percent)
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