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Abstract

In this paper we evaluate the effectiveness of R&X incentives in Quebec, using
manufacturing firm data from 1997 to 2003 origingtifirom R&D surveys, annual surveys of
manufactures and administrative data. The estinyated elasticity of R&D is -0.10 in the short
run and -0.14 in the long run, with a slightly hegrelasticities for small firms than for large
firms. We show that there is a deadweight lossaatam with level-based R&D tax incentives
that is particularly acute for large firms. For dinfiams it is not sizeable enough to suppress the
R&D additionality, at least not during quite a nuenlof years after the initial tax change.
Incremental R&D tax credits do not suffer from thdeadweight loss and are from that

perspective preferable to level-based tax incestive

Résumé

Nous estimons l'efficacité des incitations fiscadda R-D au Québec a partir des données des
enquétes annuelles de la R&D et de la manufactuaeartir des données administratives pour
la période 1997 a 2003. L’élasticité-prix de cdarme est estimée a -0.10 et celle de long terme
a -0.14, avec une élasticité |égerement supérigaueles petites entreprises. Nous trouvons une
perte seche assez nette pour les grandes firmas@saux crédits d'impot basés sur les niveaux
de R-D. Pour les petites firmes cette perte sedst pas suffisante pour détruire I'additionalité
des crédits d'impdt. Les crédits d'impdt baséslauecherche incrémentale n'accusent pas de
perte seche et sont de ce point de vue préférablesrédits en proportion du niveau de R-D.

Keywords
R&D tax credits, Quebec, price elasticity of R&D
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Introduction

Many countries rely on a policy of R&D tax incer@s/to spur R&D in the private sector. In
some countries, the budget allocated to this poitcysubstantive. Canada is one of these
countries. In 2006, the Canadian federal governmseent about $3 billion a year on its R&D tax
incentives program (Finance Canada, 2007). AmoegCanadian provinces, Québec has been
the most generous in its R&D tax incentives for yngears. In 2005, provincial payments for
fiscal assistance amounted to 538 million dolldi@x incentives have the virtue of being more
neutral in the type of firms and projects fundeahntimeasures of direct R&D support in the form
of grants and subsidies, letting private businetsrchine the projects and the amount of R&D.
This virtue could also be seen as a weakness, farsas it might be socially preferable to steer
R&D towards projects with high spillovers. Many ocdues try to focus their support on small
and medium size enterprises, which are, more th@ifirns, plagued by the market failure of
financing intangible investment in the presencéenfdrmation asymmetries. As firms rely more
on internal funds than on external debt and eduityinance their investments, especially R&D

investments, small firms might be more financi@nstrained than large firnis.

A number of studies have been done to evaluateffieetiveness of tax incentives in making
firms spend more on R&D. The usual evaluation cgissin checking whether there is R&D
additionality, in the sense that private firms gase their R&D expenditures by more than it
costs the government to support the tax incenfivegram. If per dollar of government support
less than one dollar of additional private R&D gefent by business, then public support
partially crowds out private funding for R&D. Theaduation of the so-called “bang for the
buck” is a rough cost-benefit analysis which gelyrdoes not take into account factors like
spillovers, indirect tax returns, administratiorstsy and the opportunity cost of spending taxable

income on R&D support.

In the literature there are two approaches to thauation of the effectiveness of R&D tax
incentives. The first approach estimates the treatneffect by constructing counterfactuals,

! See the literature on the cash-flow sensitivity of investment following the seminal work of Fazzari, Hubbard and Peterson
(1988).



instrumenting the treatment, comparing experimeatal treated firms before and after the
introduction of a policy change, or by comparingn that are close to a discontinuity in the
treatment design. Matching estimators compare tteeage R&D effort of firms that receive
R&D tax credits with the average R&D of firms thdd not but that are otherwise similar, in
particular in having the same likelihood of receyiR&D tax credits (Czarnitzki, Hanel and
Rosa, 2004; Corchuelo and Martinez-Ros, 2008, Dwgle07). Instrumental variables
estimators instrument the treatment by regressiog a certain number of explanatory variables
(Cappelen, Raknerud and Rybalka, 2008) or by ctimgdor the selected firms that know about
R&D tax incentives and apply for it (Corchuelo aMhrtinez-Ros, 2008). Difference-in-
difference estimators compare the R&D of firms he reference and treated group before and
after a policy change, in this case a new featarB&D tax incentives (Cornet and Vroomen,
2005). Regression discontinuity design compardR&B of firms that are affected or unaffected
by an exogenous discontinuity in the treatment tiong for example just below and just above a
ceiling in the conditions for being eligible to edee R&D tax credits (Haegeland and Moen,
2007).

The second approach is based on a structural nuzdiging from some kind of optimization
objective a demand for R&D equation that dependsrialia on a user cost of R&D itself a
function of R&D tax credit parameters (Bernstei@8@, Hall, 1993, Bloom, Griffith and van
Reenen, 2002, Mairesse and Mulkay, 2003). The tstralc modeling approach permits
simulations of the effects of future tax changed allows distinguishing between short-run and
long-run effects. Given the endogeneity of the amioof R&D tax credits received and a

possible distributed lag specification, instrumémtaiables estimations are used.

This study evaluates the effectiveness of the R&P ihcentives program in the province of
Québec. We rely on a modeling of factor demandlamo the ones adopted in studies that have
opted for an estimation of a factor demand modeR&D with R&D tax parameters included in
the user cost of R&D (as in Bloom, Griffith and v&eenen (2002), Mairesse and Mulkay
(2002), Dagenais, Mohnen and Therrien (2004), Haegebnd Moen (2007)). We construct an
observational specific B-index that enters the usst of capital and that reflects the various

changes over time and across firms in the R&D taxit scheme in Quebec and in Canada. As



opposed to most other studies, we have accessrimiatrative data capturing the real R&D tax
support received by firms operating in the proviméeQuebec. For a survey of the empirical
literature on R&D tax incentives, see Hall and \R@enen (2000) and Mohnen (2000). For
previous work on Canadian firms, see Bernstein §,.98ebeau (1996), Department of Finance
and Revenue (1997), Dagenais, Mohnen and Ther2804), Czarnitzki, Hanel and Rosa
(2004), and Parsons and Phillips (2007).

The originality of this study is that it exploitiset actual R&D tax credits received by every firm
instead of just relying on the statutory tax raéesl eligibility conditions and attributing tax
incentives to every eligible firm. Indeed, manyrfs may either not know of the existence of tax
incentives (especially small firms) or decide notapply for R&D tax credits because of
administration costs, inexperience or apprehengsmomlealing with the tax authorities. The
second advantage of using the observed paymetiiati# does not oblige us to collect data on
certain types of R&D, like cooperative R&D, that wld be difficult to get. The third advantage
has to do with the fact that in the R&D surveysniroperating in more than one province may
not always split their R&D by province wheras fraimee administrative data the provincial
figures are declared automatically. Few studigbénliterature have been able to make use of the
actual payments of tax incentives (Brouwer, dentétgrPoot and Segers, 2002; Haegeland and
Moen, 2007; de Jong and Verhoeven, 2007, Duguéf)20

Since the tax support is more generous towardslsandl medium sized enterprises, it is of
interest to compare the effectiveness of this gdiic SMEs and large enterprises. Lokshin and
Mohnen (2007) report that small firms (with lesarth200 employees) are more sensitive to
R&D tax incentives than large firms in the Netheda. Small firms are likely to be more
reactive to changes in R&D tax incentives (at létey actually apply for them) as they have
more difficulty in financing their R&D. They havétle collateral, they may be young firms with
little to show in terms of success, they may naretiave patents to signal their capability to
innovate. The estimation of the model and the etan of the program in terms of R&D
additionality will be done separately for both tgpe firms. We want to investigate whether the

same holds for firms in Quebec.



The paper is organized as follows. Section 1 pesian overview of the R&D tax incentives in
Quebec. Section 2 explains the construction of framel data resulting from the merger of
three data sources. Section 3 sketches the stalichadel of demand for R&D from which we
shall estimate the price elasticity of R&D. Sectibipresents and comments on the estimation
results. Section 5 presents some simulation armlgd&k&D tax experiments to calculate the
ratio of additional R&D per dollar of tax expendiguor different modules of the R&D tax credit

and to show differences in the effectiveness of R&bincentives for small and large firms.



1. Tax treatment in Quebec

It should be noted that fiscal measures to suppodvative activities other than R&D have also
been implemented in Quebec. This is the case éomtbasures set up with respect to information
technology development centres (ITDCs) and markegd for the new economy (MNEs) and
other measures related to the knowledge-based sgosoch as the refundable tax credit for E-
commerce solutions and the refundable tax credittdohnological adaptation services. This
study, however, focuses only on R&D fiscal measares we present below the fiscal measures
that took place in Quebec in the last three decates is to say, the SR&DE refundable tax
credit; the super-deductions for R&D and the refbid tax credit based on the increase in R&D

expenditures.

Table 1 summarizes the estimated cost of the vaffisaal measures in support of R&D that are

in order:

1.1 The refundable tax credit for scientific researchdaexperimental development (SR&ED)
(1983-)

This tax credit is the main R&D fiscal incentive Quebec. Introduced in 1983, it was the first

fiscal measure aimed at R&D in Quebec. As revealethe appendix, the SR&ED has been

modified a few times. At the beginning it was essdly based on the salaries of researchers.

Later on, Quebec’s government put emphasis on Ilhtman capital and more intense

2 As firms claiming R&D tax credits in Quebec arecalax claimants at the federal level of governmBayenu Québec arranged with the
federal taxation agency, the Canada Revenue Ageoncgpply the same definition for eligible R&D adfies. Furthermore, to ensure the
uniformity in its application at both, provinciah@ federal level, QR&ED are solely determined byh&ia Revenue Agency. This definition
complies with the guidelines of the OECD FrascaginMal (OECD, 2002). More specifically, Quebd@sation Actdefines‘scientific research
and experimental development” by the systematiestigation or search that is carried out in a figidcience or technology by means of (i)
basic research or applied research undertakeréoadvancement of scientific knowledge or (i) ekpental development undertaken for the
purpose of achieving technological advancementtlier purpose of creating new, or improving existinggterials, products, devices or
processes, including incremental improvements there

It includes work undertaken directly in support R&D, where it is commensurate with the needs ofhstesearch or experimental
development and corresponds to engineering, desf@grations research, mathematical analysis, ca@npubgramming, data collection, testing
and psychological research. However, it excludekwadertaken in one of the following: market resbaor sales promotion; quality control or
routine testing of materials, products, devicepracesses; research in the social sciences orutiertities; prospecting, exploring or drilling
for, or producing, minerals, petroleum or naturak,gthe commercial production of a new or improweaterial, device or product, or the

commercial use of a new or improved process; styénges; or routine data collection.



cooperation between business, universities andrgseentres in designing the tax credit. This

lead to the following four measures:

1) The refundable tax credit for salaries and wagess#archers
It still represents the major component (more tB&f6 in the last years) of the overall fiscal
incentives in Quebec. The tax credit can be clailmedorporations that conduct R&D activities
in Quebec or that have such activities carriedinuQuebec on their behalf. For example, in
2003 corporations may claim a refundable tax crédit amounts to 17.5% on the salaries and
wages they pay in Quebec in a given taxation yidawever, for the first $2 000 000 of annual
salaries and wages paid in a given taxation yharate of the tax credit is as follows:
— 37.5% in the case of SMEs
— between 37.5% and 17.5%, in the case of corpoatidth assets between $25 and $50
million. A linear reduction in the rate of the taredit (from 37.5% to 17.5) is applied
with respect to asset increase according to thewolg formula:
35% - {[(A- 25 000 000 $) x 17.5%] / 25 000 000 A}being the corporation’s assets;
— 17.5%, in the case of corporations with asset&H6fi#illion or more.
2) The refundable tax credit for university researchmesearch carried out by a public research
centre or a research consortium
This tax credit permits firms that conclude a ursity research contract with an eligible
university entity, a public research centre orseagch consortium to claim a refundable credit of
35% of the eligible R&D expenditures. In the cadeere the research is done by an eligible
university entity, a public research centre or seegch consortium that is not affiliated to the
taxpayer, 20% is subtracted from the eligible exitemes in calculating the tax credit.
Entitlement to such tax credits need prior autledian.
3) The refundable tax credit for pre-competitive reska
Under this scheme, corporations that enter intm@perative agreement with non- affiliated
corporations to carry out work on their own or tvé work carry out on their behalf, under a
pre-competitive research project, a catalyst ptopgcan environmental technology innovation

3 See the appendix for the history of R&D tax credit rates in Quebec.

* Quebec'sTaxation Actdefines a corporation as a SME, a business witbtagwluding those of associated
corporation, less than 25 million. In addition, tiwesiness must not be controlled by one or morerasidents of
Canada.
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project, may claim a refundable tax credit of 35P4he eligible R&D expenditures incurred in
Quebec. Again the cooperative agreement needsdatherized by the government.

4) The dues or contributions paid to a research ctinsor

A corporation that is a member of a recognizedaeseconsortium may claim a refundable tax
credit of 35% of its total fees or dues paid tesearch consortium to conduct in Quebec R&D

related to its activities.

1.2 The super-deductions for R&D (1999-2000)

Introduced in March 1999 and withdrawn a year fatére super-deductions for R&D were an
alternative to the refundable SR&ED tax creditsisi could choose between the refundable tax
credit and the super-deduction. Firms with suffitiencome were better off choosing super-
deductions in order to reduce their eligible bustsneicome to zero, and those with an operating
loss were better off choosing the refundable tadits. Firms choosing the super-deductions
could reduce substantially their net investmentt descause the federal government applied
different rules in the treatment of refundable tardits and super-deductions for R&D. For
example the net cost incurred by an SME for a $488e expenditure would be only $ 9 in the
case of super-deductions compared to $ 27 if actedit were claimed. The super-deductions
were withdrawn after one fiscal year when the fablgovernment decided to apply the same

rules in the treatment of refundable tax credit$ super-deductions for R&D.

1.3 The refundable tax credit based on the increage&d expenditures (1999-2004)

This tax credit was announced by the governmeQuabec along with the super-deductions in
the Budget speech of March 1999. It was implemefded five year period as part of the effort
to increase the ratio of R&D expenditures to GDPthe average performance of the G7
countries. The credit applied only to SMESs, i.enpanies with assets below $25 million. Under
this tax credit, SMEs could claim an additional 1&% credit on the eligible R&D expenditures
exceeding a reference amount equal to the aver&gdge éxpenditures for the preceding three
years. SMEs that opted for super-deductions coldd kenefit from this tax credit with an
additional deduction of 190% of their eligible R&Rpenditures.

> There can be no double-counting : a firm may only claim one type of tax credit per dollar spent on R&D.

® In table 1, it appears in two years because firms use different fiscal years.

11



Table 1: Evolution of the estimated cost of fiscahcentives aimed at R&D in Quebec, 1997-
2005

(Millions of dollars)

Year 1997 1998 1999 2000 2001 2002 2003 2004 2005

Scientific research and
experimental development

0 Salaries of researchers 319 326 383 372 506 566 525 495 510

O University research 7 6 6 7 8 7 6 6 6
0 Other 21 19 29 28 24 25 23 22 22
Super-deductions for R&D - - - 55 44

Credit based in the increase

in R&D expenditures - - f 25 45 41 41 18 -
Total R&D tax credits 347 351 418 487 627 639 506 45 538

(-) The measure did not apply that year
() The tax cost is less than CAN $ 2 million

Sources:Ministere des Finances, Québec, 2005.
2. DATA

The dataset used in this study results from theclag of three different microdata files: the
survey on Research and Development in Canadianstind(RDCI), the Annual Survey of
Manufactures (ASM), and administrative data fronvétei Québec.

The RDCI surveys a firm-level survey conducted on an annual bayi Statistics Canada. Its
sampling frame comprises all Canadian firms knowheadieved to perform or fund R&D. Since
1997, only firms performing or funding more than @ilion in R&D are surveyed. For all the
other firms, the data are extracted from administtadata from Canada Revenue Agency

(CRA).” The Annual Survey of Manufactures (ASMjs an annual survey conducted by

Statistics Canada that collects data on employnvesnges, total cost of materials, total sales of

manufactured products, inventories, value addedthbgufacturing and capital expenditures. It

! For firms with less than 1 million of R&D expendlies, the R&D data come from Revenue Canada fosfthat claim R&D
federal tax credits. We have no information abooals R&D performers that claim no R&D tax creditsdathat might
nevertheless have some R&D expenditures.

8 Starting in 2004, the Annual Survey of Manufactutes been amalgamated with the Annual Survey afstor to
form the Annual Survey of Manufactures and LoggiA§ML).
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also provides other principal industrial statisscgeh as energy consumption and information on
commodities consumed, produced and shipped. Canttarthe RDCI survey described above
that collects and reports data at the company w@rise level, the reporting unit in the case of
the ASMsurvey is the establishment. More specifically, timéverse of this survey consists of
all establishments primarily engaged in manufaoturactivities, that is, all establishments
classified in sectors 31, 32 and 33 under the Néurtterican Industry Classification System
(NAICS). Two methods are used to collect data, da¢a collected directly from firms’
respondents by questionnaires and the data obtdroed administrative files from Canada

Revenue Agency. Administrative data from Revenuli@a€ADRQ) comprises records of the

amounts of SR&ED or other fiscal incentives to R&Dectively received by R&D performers
located in Quebec or having had R&D conducted air thehalf in Quebec. This is a slight
difference compared to the target population ofiS§ites Canada RDCI survey described above,
which does not include firms that contract out thiR&D activities. However, Statistics Canada
and Revenu Quebec both use the same definitioBR&ED. The reporting unit in the present
dataset is the provincial-enterprise, which isghme as in the case of the RCDI survey data of

Statistics Canada.

Matching was performed at the level of Provincialezprised The three files contained only
firms located in Quebec. Matching proceeded in steps: the RDCI data from Statistics Canada
was matched to the fiscal data from Revenu Québet the resulting file was then matched to
the ASM data from Statistics Canada. Another diffix was due to the fact that the data
correspond to different levels of aggregation. Whhe RCDI-ADRQ matched data are at the
provincial—enterprise level, the ASM data are &t ¢istablishment level. To solve this problem,
we grouped the establishments in the ASM datéfilerovincial-enterprises prior to performing
the matching in the cases of multi-establishmentsrprises. We decided to discard all cases of
mergers and acquisitions. The data on the fisgapat received from the Federal government

were constructed by using the official statutorgsa’

° The notion of “Provincial-enterprise” is used tiesignate all establishments of a given enterpaitkin a
province and in the same industry as identifiedhay4-digit NAICS 1997.
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Breaking R&D performers by size class in the macwifiang sector between 1997 and 2003,
data show that most of the R&D tax credit applmasi come from small firms but that the large
firms get the greater part of the amount of atteduax credits. As shown in Table 2, more than
65.3 % of all tax claimants are small firms (0 @ &mnployees) making up 28.5% of the total
value of attributed tax credits. However, largensirthat represent only 3.6 % of tax claimants
get more than 37.5% of the total amount of attebdutax credits. The tax credit for salaries of
researchers was the most important program accmufdr at least 75% of the total attributed

tax credits. The tax credit for university reseastiows no significant differences across size
classes. Tax credit for pre-competitive research uged more often by small and medium sized
firms (less than 500 employees). The reason is libaduse of limited capacity of funding a

research project, firms enter into partnership i@mt$ for pre-competitive research projects (or
to have the project done on their behalf). This deedit and the credit for university research,
however, represented only 0.9% and 0.6% resp.eofatal attributed tax credit over the sample
period. Concerning the tax credit for dues or dbatrons paid by corporations to a research
consortium, data show that the majority of benefieis were firms with more than 500

employees.

Table 2 also shows the non-negligible use of dfiseal incentives such as the super-deductions
for R&D and the tax credit based on the increade&b expenditures. Even though these fiscal
measures lasted onlydnd 5 years respectively, corresponding claimdedtd.0% and 4.5%

respectively of the total attributed tax creditgiothe sample period.

"% The main difficulty encountered in matching the RIXDRQ and ASM datasets is that they do not have a
unique identifier. While Statistics Canada usesctirapany number to identify establishments in tlxDRfile,
Revenu Quebec uses a different identifier calle@NEuméro d’entreprise du Quebéc). However, sihedite
from Statistics Canada includes the names and ssiek®f the surveyed firms, the NEQ was obtainad fhe
registry of enterprises from Quebec’s Inspectorésalinof Financial Institutions (IGIF). We were coorited with
the problem that the company names could someitiliffes because of translation or transcript erréer 2000,
at least 93% of the firms in the RDCI/ADRQ file ¢die matched with the ASM file, before 2000 on®p6to
77% of the firms could be matched. In terms ofltBtD, the totals from RDCI and the matched datallyadiffer.

14



Table 2: Use of Quebec’s R&D tax credits by classze in the manufacturing sector (% of firms), 19972003

Fiscal incentives for R&D in Quebec

Credit based
on the

Tax Pre- increase in  Super-

credits Value of  Salaries of University competitiveResearch R&D deductions

claimants tax credits researchersresearch research consortium expendituresfor R&D  Other

(%)

> 500 employees 3.9 37.5 75.6 0.8 0.4 5.0 0.0 7.5 10.8
250 to 499 employees 4.2 7.6 87.2 0.3 3.6 0.7 0.5 2.1 5.6
50 to 249 employees 28.2 26.4 85.6 0.8 0.7 0.1 5.8 2.5 4.6
< 50 employeees 63.7 28.5 86.5 0.5 1.1 0.0 10.2 1.3 0.5
TOTAL 100.0 100.0 82.2 0.6 0.9 2.0 4.5 4.0 5.8

Sources:Ministry of Revenue of Quebec and Statistics Canedipiled by the Institut de la Statistique du Re@and by the authors

15



3. MODEL

The model from which we estimate the elasticityR&ID with respect to its user cost is the
same as the one used in Lokshin and Mohnen (20073.nutshell, we start from a CES
approximation to the true production function fonf i at timet (as in Chirinko et al., 1999;
Hall and van Reenen, 2000; Mairesse and Mulkay4R00

Q: = R(Ky, Xy) = UBK" + (- B) Xit_p]_wp (1)

where Q, is the output,K, is the end of period R&D stockX, is the other inputs, and(a
scale factor), (the distribution parameter)y (a measure of the returns to scale) are
parameters to be estimated that characterize dtenaogy, as well asothat enters the

expression for the elasticity of substitutiam  between R&D stock and the other inputs and

is given byo =1/(1+ p) 2 0. In a static model of profit maximization, the opél amount of

R&D capital in logarithms would be given By

k; =a+(o+ (1_0)/V)qit _U(UR,it - pQ,it)' (2)

where u; is the logarithm of the user cost of R&D apgl, the unobservable output price.

Following Klette and Griliches (1996) we assumeiagpelasticity ofe >0 in absolute value

of the demand for the output of firm i relativeinolustry demand:

Oy — Oy = —&( Poit Py) (3)

where g, is the industry demand anpl, the industry price in periodl. Substituting (3) into

(2) yields the long-run relationship

klt =a+ @ —0(Ugy — P i)+ W, 4)

" Logarithmically-transformed variables are denotgdimall letters.
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whereg =g+ u(l-o)/v,andy = (1- u)d-0)/v, andv,is the nominal output deflated by

the industry output price deflator.

Investment is composed of a replacement investifignt and a net investmen®('). The
former is proportional to the R&D stock at the bedng of the period® =, . The

latter represents the change in the R&D stdjk= K, — K, ;. Hence we can write

Re _R*+R _5. AKn _ (5)

We approximate the discrete growth rate in the R&@ck by a log difference and assume

that the growth rate in the R&D stock follows atgdradjustment mechanism

k =k = Ak —ky) (6)

which after substitutions can be rewritten as
ke =Ky =AMk — ki) + Q= DAk —k,) + Q=) Ak, — k) + ... (7

Changes in the R&D stock are therefore expressed wagighted sum of changes in the

desired R&D stocks in the past. We can now rewEjas

R =J+¢ Ady, _ 0-/] (dug, —dpy) +y Adg, +& (8)
Ki i | -(@-A)L | -(@L-A)L | -@-AL
or as
R0+ Q- 0) 4 g o, - A (A, )+ i + (5 - A M) ()
it-1 it-2

17



We have appended a random error term in (9) to wadcdor random unobserved
disturbances. Any individual effect present in igyemoved by the first-differencing. The
error term follows a MA(1) process. Because of shmultaneity between the user cost and
the amount of R&D we have to instrument for thetearporaneous change in the user cost
of R&D. The short-run elasticity of R&D stock witkspect to the user cost of R&D is given

by- g/ . The long-run elasticity is given byo .

4. Estimation results

Table 3 gives the magnitude of the variables appgan the final estimating equation (9).
The R&D stock has been constructed by the perpétwahtory method, the starting value
being obtained by dividing the initial R&D flow the sum of the R&D depreciation rate
(taken to be 15%) and the growth rate of R&D flowridg the sample period. The R&D
stock is on average 5 times bigger than the R&B flall nominal values are converted in
2002 prices by the appropriate deflators. The R&bador is computed as the average of the
GDP deflator and the monthly wage index of the nfiacturing sector in Quebec (Statistics
Canada, Cansim, table 281-0039). The industry @izkquantity used to eliminate the firm
output in equation (3) is from the NAICS 3-digitdumstry in which the firm has its major

activity.

Table 3. Variable constructions and descriptive stigstics

Variable Construction All firms Large  Small
firms firms

R/K Ratio of R&D flow to R&D stock, constructed

as own R&D expenditures divided by R&D (8'32) (8'32) (8'32)

stock at the beginning of the period ' ' '
u User cost of R&D deflated by the industry 0.08 0.07 0.11
output deflator (0.05) (0.05) (0.03)
\% Firm sales in real terms, in logarithm 15.31 14.85 17.64
(1.73) (1.42) (1.17)
o} Industry sales 21.65 21.65 21.67
(at 4-digit NAICS classification), in logarithm (0.64) (0.63) (0.65)
Au Log-difference in user cost of R&D deflated by 0.24 0.26 0.13
industry output deflator (0.26) (0.27) (0.22)
Av Log-difference in firms’ real sales 0.08 0.09 0.03
(0.52) (0.50) (0.58)
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Aq, Log-difference in industry real sales 0.03 0.03 0.02
(0.19) (0.19) (0.18)

K R&D stock, in million 2002 CAN$ 4.36 10.34 21.20
(39.50)  (22.64) (95.30)

Note: The descriptive statistics are sample meamnthé years 1997-2003. The base year is 2002.

In table 4 we present the GMM estimates for athfrin our sample, and separately for the
large firms (with more than 250 employees) and s$heall firms (with less than 250
employees). As we can see, most of the firms in sample are small, benefiting from
favourable R&D tax credits. We have relatively fdarge firms in our sample. Two
explanatory variables have to be instrumenteduter cost of R&D, which may vary with
the amount of R&D, and the lagged dependent vajabhich is correlated with the MA(1)
error term. Without instrumenting, i.e. estimatiaguation (9) by ordinary least squares,
yields a short-run price elasticityod of -0.01 (non-significant). We then turn to the GIM
estimations. As instrumental variables we use theemeriod lagged level of the user cost of
R&D (in log), the two-period lagged level of the pa#mdent variable, and the
contemporaneous R&D deflator, interest rate and deedit on researchers’ salaries in

Quebec.

The rank test of underidentification rejects thé hypothesis that the matix of reduced form
coefficients has less than full rank, and hencatsdio the relevance of the instruments and
to the identification of the model with those instrents. Regarding the weakness of the
instruments, the F-test based on Shea’s partfalsRyreater than 10 for the first-stage
significance of the exogenous variables in exphgrthe user cost of R&D but less than 10
in explaining the lagged dependent variable. Howewethe presence of two endogenous
variables we should rather use the Cragg Donalkissta(the minimum eigenvalue of the
first stage F-statistic matrix) and the Stock andgd (2002) critical values for testing
whether the instruments are weak 1) in terms ddtired bias, i.e. whether the maximum
relative squared bias of the IV estimator relativéhe OLS estimator is at least some value
b, and 2) in terms of bias in the Wald test size, whether the actual size of the test is at
least some value b above the nominal level of ¢éisé tAt the 5% level, we reject the null

hypothesis that the instruments bias the IV estmmatative to the OLS estimate by more
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than 30% and we do not even reject the null thatils in the size of the Wald test exceeds
30%. With our instruments the Sargan test of owstlidying restrictions is accepted. We
have explored with different additional instrume(ttee lagged value of sales in logarithms,
the Federal incremental tax credit rate, the rafitog assets over log employees, and the
ratio of growth in output over growth in employment In each case the test of
overidentifying restrictions was rejected. We tlnosiclude that our instruments are rather

weak, but that at least they fulfill the overidéying restrictions.

The speed of adjustment in the desired R&D stoskequal to 0.74 for small firms and 0.57
for large firms, although statistically speakingyhare not significantly different from each
other. The short-run price elasticity of R&D is 18.for small firms and not significantly
different from zero for large firms. It may be tHatge firms are not very price responsive,
but it may also be that our sample size is too kifeal large firms to yield significant
coefficients. For the whole sample, however, thertstun price elasticity is significantly
different from zero and lower than for the subsampi small firms. Small firms do hence
seem to be somewhat more price responsive thae feings. The long-run price elasticisy

is equal to -0.19 for small firms and -0.14 for thkole sample. The long-run output price
elasticity is equal to 0.03 for small firms and 0fdr large firms. From the constant term in
the regression we can recover the estimated R&Dedegiion rate, which turns out to be
between 17% and 27%, thus not far away from ourcadchoice of 15%.

Table 4. Estimation of R&D equation (9) by GMM

Parameters/statistics OLS GMM
All firms All firms Large firms Small firms
1-A 0.259%*  0,277*** 0,430*** 0,256**
(0.031) (0,102) (0,084) (0,116)
-0l -0.011 -0,104*** -0,058 -0,142***
(0.017) (0,035) (0,043) (0,044)
(0)] 0.018* 0,028** 0,039** 0,025*
(0.009)  (0,011) (0,018) (0,013)
y,} -0.020 -0,046* -0,034 -0,047
(0.020) (0,024) (0,045) (0,029)
I 0.166%*  0,177*** 0,098*** 0,198**+*
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(0.009)  (0,023) (0,020) (0,026)

LR price elasticity -0.044 -0,144** -0,102 -0,191**
(0.065) (0,062) (0,082) (0,081)
LR output elasticity 0.069* 0,039** 0,069** 0,033*
(0.037) (0,015) (0,032) (0,017)
Test of underidentification 10.238 8.230
Kleibergen-Paap rank LM (0.036) (0.084)

statistic (p-value)
Tests of weak identification:
F-test of Shea’s partial’Ror

dUg —dpy, 107.55 64.30 63.21
Ra/Kii 11.58 6.11 9.52
Cragg-Donald F statistic 5.893 5.371 4.986
(at 5% level of confidence)
IV relative bias to OLS Rejected >30% Rejected >30% Rejected >30%
_size bias Not rejected Not rejected Not rejected
>30% >30% >30%
test of overidentification: 5,043 1,166 4,305
Hansen J-statistic (0,169) (0,761) (0,230)
(p-value)
Number of observations 1386 1386 264 1122

Notes: Estimation period is 1998-2003.

*** indicates significance at 1%, ** at 5%, * at W@

Standard errors of the long-run elasticities amamated using the delta method. Heteroscedastioitgistent
standard errors in parentheses unless otherwigeated.

We have also experimented with an alternative mogebf the dynamics in the R&D
investment by specifying an error-correction modéh an autoregressive distributed lag
specification ALD(1,1) following Mairesse and Muik#&2004). This specification does not
assume a particular type of adjustement as we dthenabove model. However, the
alternative model did not yield a significant priesticity of R&D. Maybe a higher-order
lagged specification would be required but our shione interval does not allow us to do
this. Finally, we could think of estimating a diféat sensitivity to R&D tax credits between
small and large firms by exploiting a regressioscdntinuity design, in the sense that the
user cost of R&D would be lower for small firms theenefit from more generous R&D tax
credits. The number of firms falling in a close gigourhood of the discontinuity in the
R&D tax credit schedule, some falling just abovd aome just below $2 ML of R&D wages

was too small to find good matches to comparergegrment effect of both types of firm.
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5. Measuring effectiveness of R&D

To evaluate the effectiveness of the whole R&D it@sentive program we compare the
present situation with a fictive scenario where gogernment changes part of the R&D tax
incentive scheme. In the absence of a proper aasfli calculation, including all indirect

costs and benefits related to such a program (asimation costs, opportunity costs and
externalities), the usual way to assess the efientiss of R&D tax incentives consists in
computing the so-called “bang for the buck” (BFTB)Y that is meant how much private
R&D increases per dollar of R&D tax receipts foregolf it is greater than 1, R&D tax

incentives are considered to be effective in stating additional R&D; a value smaller than

1 means that part of the money received from tagntives substitutes for private financing.

We start from an old scenario where firms invesR&D every year to keep the R&D stock
constant and/or to expand that stock. In the neamato the government decides to increase
the tax incentives, which leads to a decreasedrufer cost of R&D and to increases in the
R&D stock of knowledge until a new desired R&D $tas reached. As firms invest more in
R&D, government needs to spend more on R&D taxritiges. In table 5 we describe the
evolution of the flows and stocks of R&D before aatfter the change in R&D tax credits
(the stocks and flows in the new scenario are aghby ~). In principle, given our assumed
partial adjustment process, it takes until infirtilyreach the new steady state, but in practice

the new optimal stock is reached after 15 to 20syea

Table 5. Trajectory of R&D flows and stocks undertwo scenarios

Old scenario New scenario
(after a change in the R&D tax credits)
periods R&D flow R&D R&D flow R&D stock
stock
0 R, Ko R, Ko
1 R=&K,+(K,-K,) K, R=&,+(K,-K,) K, =K, + (0K, /duz)Auy
2 R, =K, +(K; =Ky;) K, R, =K, +(K, -K,) K, = K, +(K, = K)) + (9K, / dug)Aug,
3 Ry =K, +(K; —Ky) Ks R =K, +(K; —K;) Ky = 2+(K3—K2)+(6K3/0U1R)AU1R
4
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R=K_,+(K -Ku) K= R=K,+K -Kg) K =K +(K -K)+ (@K, /0ul)Au,

Notes: The derivativeﬁKj /auR represents the change in desired R&D stock thatrsg-1 periods after the

change in the user cost of R&D caused by a changeitax incentives in period mug). For simplicity, here
the firm subscript i has been omitted.

To find out how much R&D arises from an R&D tax émtive scheme, we have to compute
the differences in R&D flows (or expenditures) frguariod 1 onwards till infinity between
the two scenarios, where the flows of each additigear are discounted by 1/(1+r) vis-a-vis

the previous year. This in our particular modedgsial td?

Y3 R R+ = ZZH?;:l T aKiHj ' ?9Kn }A“%/@* r)* o)

i t=1 iot=l aUR uR

where
K - _ga-ay Ko (11)
Ui Uit

where — oA is the estimated short-run user cost elasticitR&D stock in the first periodi

is the estimated partial adjustment coefficients the depreciation rate of the R&D stock,
taken to be 15%, r is the risk-free interest redken to be on average 3%, and where the
user cost elasticity, common to all firms of a giveize class and constant over time, is
converted to a marginal effect for period t usihg bptimal R&D stock and the user cost of
R&D of period t.

For every dollar of private R&D expenditure the gownent supports a fraction of it by

giving tax incentives in proportion to the wage aadary costs for researchers, the fraction

12 See Lokshin-Mohnen (2007) for a detailed deroratf (10)

23



of R&D carried out by a public research centre, ftection carried out in a research
consortium, the fraction of pre-competitive resbair the increments of R&D with respect

to a base year. Let us denote the fraction of tinaie R&D so supported by the tax

incentive program for firm i at year t by R, + y,AR,, where y, is the R&D tax credit rate

in proportion of the level of R&D ang, the rate in proportion of the increase in R&D.
Appendix A explains in detail the various ratestthpply in Quebec. Table A.1 lists for
every year the average user cost of R&D, the Bxratel its components, and what the user
cost of R&D would be without the R&D tax credit.

The total cost to the government to support the R&Dcredit program is given by
> W W) /L+1) ™ =3 S T4R, +78R) — (1R, + AR+ ™. (12)
t=1 i t

The BFTB is given by the ratio of (10) and (12).ofimer words, we compute the ratio of the
increases in R&D for all the firms along the entinagectories towards their new steady states
to the saving in government costs to support R&hihglthose trajectories, both appropriately

discounted’.

In our computation of the BFTB we use size-clagcHjg short and long-run estimated price
elasticities reported in section 4. We use two siasses: small firms with fewer than 250
employees, and large firms with 250 and more engdsyWe report each time the BFTB
computed for all firms with the specificities inetiax scheme that pertain to them and with

their own price elasticities. We also report theTBFseparately for small and large firms.

We run the following two experiments. In the fivg¢ increase the level-based provincial tax

incentives ;) by 10% (all rates appearing in PL and PO areemsed by 10%), in the other

we increase the increment-based provincial R&Ddadidit (y,) by 10%. The result of the

13 Because of the unbalanced nature of our sampie different for every firm. We take it to be tlast year a
firm is observed in the sample. In the simulationthe removal of the incremental R&D tax credig take as
the reference year the last year this tax credst iwaffect.
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first experiment is plotted in fig. 1. For smalirfis the BFTB, i.e. the ratio of cumulative
additional R&D to cumulative government expensesupport R&D, starts at a value much
higher than one and slowly drops to a value tratssabove 1 even after 20 years. Hence for
small firms it is beneficial to support R&D by tancentives. More R&D gets created than it
costs the government to support it even after 20sye-or large firms, however, the BFTB
starts at 3 but falls below 1. Already after seyears the cumulative additional R&D no
longer covers the cumulative government costs ppan this R&D. If we take all the firms
in our sample, the BFTB falls below the bar of after 13 periods. Thus if we consider the
whole adjustment towards a new steady state, tad-bmsed R&D tax incentives do not
come out as very effective. The reason for thidféstiveness is that level-based tax
incentives contain a deadweight loss, namely thesti@port on the R&D that would be done
in the absence of all support. The importance & deadweight can be computed by

rewriting (12) as

S SR -R)* (i~ MR, + OR, ~AR) +(7, - v, )AR 1MW+ 1) ™. (13)

The second term represents the deadweight lossectathto a change in the level-based
R&D tax credit. In percentage of the total, the dieaight loss converges to 68% for small

firms and to 82% for large firms.

In the second experiment we increase only the mmergal based R&D tax credit by 10%, i.e.
the rate appearing in PI. In this case, there tsmlze a deadweight loss, the fourth term in
(13), to the extent that we do not start from amiahsteady state but that some R&D
investment was already planned before the tax @haHgwever, this deadweight loss is
likely to be small. By simulating the effect of tlh@x change on R&D and government
support for R&D for a period of 20 years, we fimct the bang for the buck is about 2.98 for
small firms and 2.79 for large firms. The increnam&D tax credit is much more effective

than the level based tax credit, and its effecegsrdoes not vary very much by firm size.
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Figure 1 Evolution of the bang for the buck when igreasing by 10% the level-based

provincial rate of R&D tax credit

Mean of BFTB

Mean BFTB
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?/

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

years after the change in R&D tax credit

—e—All firms —a— Large firms Small firms

6. Conclusion

In this paper we evaluate the effectiveness of R&R incentives in Quebec, using
manufacturing firm data originating from R&D sungyannual surveys of manufactures and
administrative data. The data cover the years 1@972003. We estimate the price
responsiveness of R&D from a factor demand modelR&D with partial adjustment
towards the steady state. From the estimated ptasticities we compute the bang for the
buck for changes in the level-based and in theement-based provincial R&D tax credits.
We are especially interested in comparing the @tffecess of R&D tax incentives for small

and large firms.

Small firms in Quebec are slightly more responshamn large firms to price changes in the
user cost of R&D driven by various kinds of taxdite aimed at stimulating R&D. Their
estimated price elasticity of R&D investment isDid the short run and 0.19 in the long run

(in absolute value). The estimated short-run aelass are in line with those estimated by
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Bernstein (1986), 0.13, and Dagenais, Mohnen, Téref2002), 0.07, for Canada. The long-
run elasticities are larger in those studies (@B 1.09 resp.) because of a faster estimated
adjustment speed. Our estimated bang for the biffskgdsizeably from those estimated by
Hall (1993) and Mairesse and Mulkay (2004) on U8 &mnench data respectively. Apart
from possible differences in modeling and in thérdgon of the bang for the buck, the main
reason for their much higher estimated effectivematos (above 2) is likely to be due to the
exclusive use of incremental R&D tax credits inrfé@ (until recently) and the United States.
Our results on the differences between small argklrms regarding their sensitivities to
R&D tax credits confirm the results on Dutch firneported in Lokshin and Mohnen (2007).

We show that there is a deadweight loss associgtbdevel-based R&D tax incentives that
is particularly acute for large firms. For smaiifis it is not sizeable enough to overcome the
R&D additionality, at least not during quite a nuenlof years after the initial tax change.
Incremental R&D tax credits do not suffer from tlisadweight loss and are from that

perspective preferable to level-based tax incestive

If it wants to run an efficient fiscal policy in gport of R&D, the province of Quebec would
be advised to continue using both the incremen&ld Rax credit and the level-based tax
credits in favour of small firms. It is preciselynall firms that have difficulty in getting
outside financing for their R&D efforts. Of courseffectiveness is not the only nor the
ultimate goal in giving R&D tax credits. An impontaconsideration is the social rate of
return on tax-supported R&D. It would be interegtin future work to compare the social
returns on government supported R&D via tax creditd direct subsidies, on government
supported and non-supported R&D, and on R&D supipoiarge and small firms.
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Appendix: Construction of the user cost of R&D

The user cost of R&D is given by, = pg(r +90)B, , where p;is the R&D deflator r is the

opportunity cost of fundsg is the R&D depreciation rate, ariflis the B-index given by:

Bt=I1—h PL, -PQ, -Pl,, ~FC, - PD, ~FD,]
-7 ' ' ’ ,

wherePL,,PQ ,Pl,,FC,,PD , FD, are defined as follows:

PL: Quebec’s SR&ED tax credit and superdeductions for salaries and wages

For small firms (assets < 25 000 000)

V‘h{ml{v\h J[(l Dmr)CtLt +D; tit pt]+1pp<\,\h t(l_ﬁj[(l DJJt)CpL,t +D2ht§trpt]}

For medium sized firms (25 000 000 < assets < 50 000 000)

PL, :V\h{miVE V\?l%t 1)(1_ Dﬂ,t)cgljit Sill,trpt] l%q,\h [1_ J[(l_ Jlt)Cth Dli,tsiLtTp,t]}

where,

TR (Asset, —25000000(c;, , —¢C; ;) ;
pLt TR 25000000

o= (Asset, —25000000(s;, , = S;.,)

PLL ™ SpLt 25000000

For large firms (assets > 50 000 000)

PL\ I_(l Dl|t)Cth+Dl|tSLt th

PO: Quebec’s tax credits and superdeductions for university research, pre-competitive
research and consortium research
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Pol,t = (8\1\}IJtn + \NiF,)tr + \Ni(,:to - SEI )[(1_ D2i ,t)CpO,t + D2i ,tSpO,tTp,t]

This holds for small as well as for large firmsite case of tax credit and superdeductions
for university research, eligible expendituresfared at 80% of the value of sub-contracted
work.

PI: Quebec’s incremental tax credit

PL, =[@- Dy, ), + DSy Ja-wB) -t ST a- v ) iy}

FC: Federal SR&ED tax credit

Small firms (assets < 25 000 000)

, R;
mu{ dlck +
(V‘ﬁ +W‘,_:t _PLi-,t _PQ,t _Pli,t _SEt)Rt J '
FQ,t :(V\ft +V\ﬁ —PL, _PQ,t —Pl, _SEt)

R J .
1- C
1R1<(V\ﬁ+vﬁ—PLl-PQz-F’Iz‘SEz)Rl[ (V\ft +V\ﬁ _Pl'i',t _PQ,t _ plth ‘Si)R,t ft

For federal SR&ED tax credit, eligible expendituage current R&D expenditures and
machinery and equipment expenditures.

Medium sized firms : 25 000 000 < assets < 50 000 000

. R "
mw[ Llicr +

(W; +w, -PL, —-P t_PIit_Et) t J '
th :(V\ft +V\Ft _Pl'i',t _PQ,t _Pli,t _SEt) V\f V\F K Q SR

_ R 2
IR<(v‘ﬁME_PL'l_PQ'l_Pli'l_SEl)R'l(1 (V\ft +V\ﬁ _Pl-r,t _PQ,t _Pli,t _SI,:_t)R,t JCf !

where,

Mg - (Asset, —2500000)(c; , ¢ ,)
IR 25000000

Large firms (assets > 50 000 000)

FCi,t = (W|Ct +W|Et - PLi,t - Pou,t - Pli,t _SI,Et)C?,t ;
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PD : Quebec’s R&D expensing
PDi,t = (Wuct + WuEtHZE +Wil,3tZB - FCl,t - S1I,Et)rp,t ;

FD : Federal R&D expensing

FDi,t = (Wuct +WiI,EtZE +Wil,3tZB - FCi,t - PLi,t - Pou,t - Pli,t _Sli)rf,t

We assume that all firms are profitable, i.e. thaly are able to take full advantage of
all R&D tax credits and deductionBL, ,, PQ and Pl are obtained not by the above

formulas but by dividing the observed tax credigmants corresponding to these items by
the corresponding R&DEC, ; is computed using the statutory tax credit rates dse above

formula.

Table A1 decomposes the user cost of R&D intoatsous components. All symbols
and some key parameter values are given in table A2

Table Al. Annual average user cost of R&D, 1997-2GQAll firms)

Urit W/O
Year Firms P(r+d) PL; POy Plit PC: FCi Bit Uit tax
credits
1) 2) B @ ) (6) (7) (8) 9 (10
1997 1168 0,172 0,2490,002 0,000 0,251 0,209 0,516 0,089 0,168
1998 1265 0,183 0,2430,003 0,000 0,246 0,208 0,523 0,096 0,179
1999 1304 0,187 0,2670,003 0,000 0,270 0,217 0,485 0,091 0,182
2000 1909 0,197 0,2710,005 0,050 0,326 0,197 0,462 0,091 0,194
2001 2092 0,166 0,2880,002 0,058 0,349 0,207 0,405 0,067 0,159
2002 2400 0,176 0,299,002 0,057 0,357 0,208 0,393 0,069 0,169
2003 2657 0,179 0,2690,001 0,055 0,325 0,220 0,417 0,075 0,172
Note: Ui, the user cost of R&D in column (9) is the prodofctolumn (2) and;;, the B- index
in column (8). Pk, PQ, Pk, FG; and the B are described above. P column (6) is the
sum of columns (3) to (5), i.e. all forms of R&[xteredits in Quebec. Column (10) is the user
cost of R&D without provincial and federal R&D taredits.
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Table A2. Symbols and some parameter values’

Variable
Asset,,

Dj’i,f

Value

35%
20%
15%
1997-2002: 40%

2003: 35%
1997-2002: 40% to 20%

2003: 35% to 17.5%

1997-2002: 20%

2003: 17.5%
1997-2002: 40%
2003: 35%

- Diz‘,f =

-D,;,=0

-D,,=1

-D,,=0

-Dj,,=1

-D;;,=0

CAN $2 000 000

CAN $2 000 000

190%

460%

between 460% and 230%

Description
Asset of firm 7 in year #;

First bracket rate for federal SR&ED tax credit;
Second bracket rate for federal SR&ED tax credit;

Quebec' s incremental R&D tax credit rate;

First bracket rate for Quebec's salaries of researchers tax
credit;

First bracket variable rate for Quebec's salaries of

researchers tax credit applying to firms with assets between
CAN $25 000 000 and CAN $50 000 000;

Second bracket rate for Quebec' s salaries of researchers tax
credit;

Quebec's tax credit rate for university research,
precompetitive research and dues paid to consortium
-R&D performer claimed superdeduction for salaries
-R&D performer claimed tax credit for salaries

-R&D performer claimed superdeduction for university,
recompetitive or consortium researc
titi r ti h

-R&D performer claimed tax credit for university,
precompetitive or consortium research

-R&D performer claimed superdeduction based on the
increase in R&D expenditures

-R&D performer claimed tax credit based on the increase in
R&D expenditures

First bracket ceiling for federal SR&ED tax credit;

Total R&D spending of firm 7 in year 4

First bracket ceiling for Quebec’s salaries of researchers 'tax
credit;

Proportion of Quebec' s subsidies for equipment in total
R&D of firm 7in year 7
Quebec's superdeduction incremental rate

First bracket rate for Quebec' s superdeduction for salaties
and wages;

First bracket variable rate for Quebec' s superdeduction for
salaries and wages applying to firms with assets between

CAN $25 ML and 50 ML ;
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Variable

pL,, ¢

‘;p(),,z‘

0

T¢

Value

230%

460%

Applied in 1999:
125%

SMEs: 22,12%

Large firms: 22,12%

SME’s: N
8,90%

Large firms: 8,90%

Tf +Tp

Description

Second bracket rate for Quebec' s superdeduction for
salaries and wages;

Quebec' s superdeduction for university, pre-competitive
and consortium research;

Depreciation deduction rate of the acquisition sast
machinery and equipment

Federal corporate income tax rate

Quebec's corporate income tax rate

Combined federal and province of Quebec corporate
income tax rate

Proportion of land and building expenses in total R&D;
Proportion of current R& D expenditure in total R&D;
Proportion of dues paid to a research consortium;
Proportion of machinery and equipment expenses in total
R& D;

Proportion of labor costs in total R&D;

Proportion of precompetitive research project expenses;
Proportion of university research contract expenses;
Present value of depreciation of R&D building

Present value of depreciation of R&D machinery and
equipment

The values of the variables given in the tabkelamited to the study period i.e., for
the years 1997 to 2003. The subscripts i and tesgmt the firm and time,
respectively.

For the years 1997 to 2002, a federal corporatenmectax rate of 13.12% applied to
the first CAN $ 200 000 of the taxable income of B8 In 2003, the ceiling of CAN
$ 200 000 was raised to CAN $ 225 000.

For the years 1997 and 1998, a Quebec,s @gmcome tax rate of 5.75% applied
to the first CAN $ 400 000 of the taxable incomesME'’s.

*k

*%
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