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Abstract

This article provides evidence that shed furthghtlion the dynamic relationships between finance,
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R&D is only weakly affected by the firm’'s financerditions. Second, no robust correlation between
knowledge investments and ordinary investmentsbeaastablished. Third, R&D has a strong effect on
productivity and profit. The reverse relationshg fragile and typically insignificant. The causali
between physical capital and productivity is bidirenal, while increased profit leads to more caldout

not the vise versa.
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1. INTRODUCTION

The empirical literature has shown inconsistentiltegegarding determinants to company growth. sThi
article provides additional evidence on this isdUging data for Swedish 5,289 firm level observadiin

the manufacturing sector with 50 or more employees the 1992-2000 period, this paper re-examines
the correlation between finance and investments, tie correlation between investments and firm

performance.

The empirical study focuses on four possible causlationships by asking the following questions:
First, will higher interest expenditures due toreaased leverage leave less room for investment
expenditures? Is there evidence that capital an@® R&estment are affected differently by increased
leverage? Second, will a profit increase — befaterest and taxes — stimulate investments? Isther
evidence that capital and R&D investment are adiéctifferently by increased profit? Is there a reee
relationship between investment and profit? Thividl, higher R&D expenditures lead to increased tapi
investments? Is there evidence of a two-way relatip between R&D and capital investment
expenditures? Fourth, is there evidence of a leietivnal relationship between productivity and
investment expenditures? Is there any differendhigpossible two-way relationship between investm

in knowledge and machinery and equipment?

The first two links consider capital market impetfens that introduce possible credit rationingeTh
theoretical literature suggest that presence afhasstric information and moral hazard problem may be
particular serious in the case of R&D investmert®wever, empirical results from recent studiesagho
that there are differences in financial constralmeéveen new and old firms, between small and large

firms, between high technological firms and otheng, and between countries as well.

The third correlation that we consider is the iel®hip between R&D-investment and capital
investment. Using French data, Mairesse and Sig84(18nd no short-run relationship between R&D and
capital investment. This result was confirmed mitvan two decades later by De Jong (2007). However,
based on a panel of U.S. pharmaceutical firms, @wgy Jreports that R&D and capital investments are
cointegrated and that a long-run bi-directionalsedity exits. Several other studies find that chtysa
exists between R&D and physical investment andithatcurs in both ways also in a shorter perspecti

Some papers indicate that R&D leads to increasgsligdl investment but not the vise versa.

The final links re-examined in this paper concemestment and firm performance. It is a commonly
held view that R&D and investments in machinery aggdipment makes a vital contribution to firms’
performance (Griliches, 1988; Romer, 1990; Gerasgkichin and Van Reenen, 1993; Jones, 1995; Van
Reenen, 1997). Firms invest in knowledge and dapitaorder to enhance their competitiveness and

capability to earn profits. Ericsson and Pakes §)3how that the stochastic outcome of a firm’s own
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investments in R&D together with physical capitalman capital, marketing and the competitive pressu
from other firms within or outside the industry elehine the sales performance, profitability andagho

of the firm. In the paper we investigate whethesr¢his a two-way causality between investment and
productivity. Moreover, the possible differencesween R&D and capital are explored. In genera, th
literature reports that tangible investments hawranger impact on firm productivity than intarigib

investments.

With an upward biased “naive” pooled OLS-estimaamid a downward biased within estimator as
references to the preferred dynamic GMM-estimata,following distinct results can be drawn frore th
study. First, the elasticity of productivity witlegpect to R&D and physical investment respectively
positive and statistically significant, even witloper controls for simultaneity and for permanent
differences across firms. We also find some evideti@at productivity leads to increased R&D and
increased physical investment but this relationshigveaker than the causality in the opposite tivac
Second, a two-way relationship between both caiegaoif investment and profit exits, but the relasioip
is less strong than between investment and prodiyctmhird, physical investments are sensitivebtith
internal financing (profit) and external financifexpressed as leverage, or the ratio of debt ogeitye
and debt) but R&D is only weakly affected by theafice conditions. One possible explanation for the
latter is that we consider firms with 50 or morepémyees, while capital constraint is a problem rydstr
smaller R&D firms. Third, R&D has a strong effeat productivity and profit. The reverse causality is
weaker. The causality between physical capital prodiuctivity is bidirectional, while increased gtof

leads to more capital but not the vise versa.

The paper begins with a brief review of the litarat on (i) the correlation between finance and
investments, (ii) the possible interdependence éetacapital and knowledge investments, and (i) th
correlation between these two categories of investsnand firm performance (section 2). It then peats
to describe the data set, which covers about 60tufaeturing firms over a nine-year period (sect&gn
This is followed by a presentation of the empiridghamic GMM-model and the specification of the
equation (section 4). The result section compdre<3MM estimates with two simpler models. (Section

5). The paper concludes with a summary of the figsli(section 6).
2.LITERATURE REVIEW

In recent years significant improvements in econoimenodeling of causal relationships have been
made. These include studies by Granger (1969), $1'882), Holz-Eakin, Newey and Rosen (1988),
Arellano and Bond (1991), Arelleano and Bover (1986d Blundell and Bond (1998) who offer new



approaches for systematic testing and determinatfocausal directions among different indicators of

interest.

The literature that we will briefly review below isainly based on either of the two main methods for
investigating the causality in economic panel datamely the Granger approach, and instrumental
variable regressions using original or augmenittz-Eakin, Newey and Rosen (1988)/ Arellano-Bond
(1991) estimators.

2.1 Finance and investment

Ever since Modigliani and Miller (1958) demonstrhtethat there should be no role for liquidity
variables such as cash flow or profit in the inmestt equation in a world of perfect capital markets
extensive literature has examined the importancirot’ capital structure in the prevailing non-femt
world It is widely agreed that asymmetric inforroatand other agency costs or moral hazard problems
affect the relationship between a firm and exteteatlers. Likewise, it is broadly agreed that palssi
financing constraints imposed by less perfect ehpmiarkets hit intangible investments more seveaa t
tangible investments. A third stylized fact related the firms’ financing decisions is that finaricia
constraints are particularly pronounced in the aafsemall firms. While large firm more flexibly can
choice to finance investment expenditures betwetined earrings and issuance of equity or deh|lsm

firms are mainly addicted to internal resources.

Motivated by the growing interest in innovation agrdwth, many recent empirical studies examining
financial constraints compare ordinary and knowtedgrestments. Assessing the relationship between
financial decisions and the investment in bothdixapital and R&D based on a sample of about 11,000
Belgian manufacturing firms over the period 1990@0Cincera (2002) confirms that small firms and
ordinary investments are associated with finanooalstraints. However, in contrast to suggestiornién
theoretical literature, R&D has not been found ¢osbrongly affected by cash constraints. Simiaults
are reported by Audretch and Weigang (1999), Mulkégll and Mairesse (2000) and others. Bond et al.
(1999) report that financial constraints affect deeision to engage in R&D rather then the leveR&D-
spending. One possible explanation for the wedk bietween fluctuation of internal financial resasc
and variation in research and development expamditmight be that the wages of the R&D personnel
represents more than 50% of R&D expenditures aaidiiy, and the R&D-personnel is associated with

high adjustments cost when firing and re-hiring.

Mixed results are presented by Harhoff (1998). &wiy different models, Harhoff suggests that both
R&D and physical capital are affected by finana@ahstraints when the non structural accelerator and

error-correction specifications are applied on agbaf 236 large manufacturing firms. Estimatiorsdxh
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on the structural Euler equation, though, does produce any evidence that R&D-investments are

associated with cash flow.

Several other studies find positive impact of clislv on both R&D and physical investments, though
the relationship is more significant and strongar ghysical investments. See for instance Hall 2199
Himmelsberg and Petersen (1994) and Hall and vamé&e(1999). Some works investigate whether the
capital market of individual countries matter féwetpresence of capital constraints. Comparing three
panels of US, France and Japanese high technotogpanies, Hall et. al (1999) suggest that both R&D
and physical capital investments are cash congdchiim the US only. Using other datasets and an
alternative econometric methodology, Mulkay, Haltlaviairesse (2000) confirm a stronger presence of

credit constraints on R&D-investments in the Amani@conomy than in Europe (France).

Chiao (2001) investigates the relationship betwdeht, R&D and physical investment in samples
including firms in all industries, in science-bas@wustries, and in nonscience-based industries,
respectively. He shows that debt is a resourceirtanfe both physical investment and R&D in
nonscience-based industries, but debt is only aures to finance physical investment but not R&D in
science-based industries. The latter is in contmsiall (1992) who suggested that leverage radiog

R&D investments are strongly negatively correlaetbng R&D intensive firms in the U.S.

Brown et al. (2007) study a panel of 1,347 U.S.liglybtraded firms from seven high-tech industries
over the period 1990-2004. They find that for yodimms, the estimated effect of both cash flow and

external equity finance are and quite large andlhigignificant.

Binz and Czarnitski (2008) investigate whether pinesence of financial constraint is associated with
difference in uncertainty between routine R&D antting-edge R&D. Using a German panel data of 354
different firms over the period 1993-2002, the aushfind that R&D of a more risky nature is difflcto

finance by external resources.
2.2R&D and physical capital.

Empirical investigations of the relationship betweB&D and other investments report that the
volatility of R&D expenditures (mainly scientisteich engineers) is smaller than variations in physica
capital (acquisition of new machinery and equipeAta large body of literature studying the causal

relationship between these two has been anythihgriambiguous (See for instance Jong 2007).

Lach and Schankerman (1989) belong to the grouwark suggesting a positive and bi-directional
relationship. Investing the interaction among reseand development, capital investment, and thekst
market performance at for 191 firms in science-tdedustries they find that granger causality betwe

current R&D and current physical investment ocaurboth ways. Moreover, the authors show that
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previous R&D affect current physical investmentd girevious physical investment also affect current
R&D.

Lach and Rob (1996), however, suggest that R&D gpmoauses capital investment, but capital
investment does not stimulate R&D investment. GI{R001) suggest that the granger causality between

capital investment and R&D is bi-directional onfythe short run.

De Jong (2007) examines the relationship betwegitatanvestment and R&D in a panel of 36
pharmaceutical firms. This study suggests thattaapivestment does not Granger-cause R&D and vice
versa in the short run. However, a long-run catysadist shows that R&D and capital investment are
cointegrated and the causality runs in both dioesti This implies that capital investment dependshe
success of the R&D effort over time. Moreover, eomporaneous increased investment stimulates R&D

in the next period, possible in order to suppagtghccess of the current products.

In the work by Ciao (2001) he found that the comierary relationship between R&D and physical

investment is positively reciprocal, particulantygcience-based industries.
2.3 The two-way relationship between investment and performance

In the past, empirical researchers have confirmgidraficant positive relationship between investise
and sales performance, productivity and profit (€@ohand Klepper 1996, Griliches, 1998, Sutton, 1998)
Three kind of relationships are possible: (i) istweent in physical capital and R&D influence sulsey
firm performance, (ii) firm performance influenceibsequent investment, and (iii) investment and

performance are influenced simultaneous by a taictbr.

In contrast to overwhelming evidence that investi:i@ne good predictors of firm performance, attleas
in the level dimensidn the literature is rather thin and less conclusimeboth the reverse causality and

the simultaneous influence from for instance theitess cycle on R&D and profit.

Early contributions by Minasian (1962) and Sch€i€65) suggested that R&D exerts an influence on
subsequent profit, while Brown (1957) showed th&DRand profit may be inversely related over the

! However, regarding the R&D-productivity link thelationship is only robust across firms. In thein®y of the
literature, Klette and Kortum (2004) report a ftagind typically insignificant relationship betwefms’ R&D and

their productivity growth.



business cycle. Grabowski (1968) reported thatectirprofit is positively related to future R&D

investments.

Motivated by more efficient estimators, extendedgitudinal data and new insights on specification
issues a new wave of research continued to inastidpe two-way relationship between investment and
performance. Addressing specification issues whatimating the returns to R&D, Griliches (1979)
highlights the important of a relevant time-lagusture since current research and development iy n
have an effect on measured productivity until selvegears later. Applying a distributed lag modela
sample containing 111 firms over a 16 year per®dnch (1974) found that R&D influences future
profitability, and that R&D is influenced by pastofitability. Using productivity as the output meas,
more recent studies have questioned the positivdiréctional relationship between R&D and
performance. In a study on Finnish data, Rouvir2@®2) suggest that R&D Granger causes productivity
but not the vise versa. Franzen (2003) find thatddusality mainly runs from R&D to productivitytihar
than the other way around, when using dynamicamgienting error correction models on panel data
from 22 manufacturing sectors in OECD-countriesirdurthe period 1972-94, in an autoregressive

framework.

Mairesse and Hall (1996) apply a GMM methodologytao large panels of approximately 1,000
France and U.S. manufacturing firms covering owaf of R&D spending in each country. Investigating
the importance of R&D and physical capital on feales as a proxy for productivity, their resultggest

the presence of simultaneity due to demand andtitgushocks.
2.4 Expected relationships

In an attempt to summarize the robust findings ffibenature reviewed above, Figure 1 in the Appendi
provides expected sign of the causal relationshigg we will re-estimate in this paper. First vesame
that increased leveraged is followed by a redudandmoth R&D capital investment. We then expeéit th
both increased R&D and capital should be positivayrelated to productivity and profit as well, ¥ehi
the reverse causality is ambiguous. Finally, weriari do not expect any strong correlation between

knowledge investments and investments in machirgyipment and other tangible assets.

It should be noted, however, that many past anenteempirical applications of panel data methods to
micro-data on the issues discussed above essgnsialfer from three kind of problems: (i) non-
representative datasets, (ii) limitations in tinegies observations on various key variables amjdw@ak
instruments in GMM-estimations where series ardnlliigqqutoregressive, or non-stationary variables in
short panels using the Granger approach. This ateswresearch efforts that can shed further ligithe

dynamic process of firm growth.



3. DATA

The data source used is this study covers the pd982-2000. The initial data set consist of 11,367
observations on manufacturing firms in Sweden \ithor more employees. The censoring is motivated
by the data availability. The R&D data have bedwemtafrom the Swedish R&D surveys carried out by
statistics Sweden. This survey is essentially aswerfor all manufacturing firms with 50 or more
employees. Production, financial and education Hatee been merged with the R&D data, using unique
company identification numbers. In the estimatioocpdure we further restrict the data to only R&D
firms. This selection might produce selection bt a robustness check using the heckman selection

model is a first step showed no substantial diffees to the reported results.

It should be noted that R&D-information at the filevel only are colleted biannually in Sweden.
Hence, in the present case, we have R&D figureghferodd years 1993, 1995, 1997 and 1999. In the
official register data, Statistics Sweden reportineted R&D expenditures for even years. This
computation is done with several different methddshe case of smaller firms in our populationssimg
values for yeat are substituted by the reportietl value. The result of this procedure is refledtetbw 1
of Table A displayed in the Appendix. It reportathd0 percent of all firms have identical R&D

expenditures during two successively number ofgrear

The basic dataset is merged with administrativa.dBite economic variables are those commonly used
in the literature that we are referring to in thegent study. They included value added (VA), profi
expressed as earnings before taxes (EB), physapifat as a stock measure (K), capital structurg) (C
and number of employees (L). All variables are egped in logarithm and in per employee terms. The
definition of the variables and the way the vagabhave been trimmed is reported in Tables 2, Panel
and Panel B. Value added per employee (labourugtodgty), profit, capital stock and R&D have been
deflated by the consumer price index. Net capitatdlume has been computed by a perpetual inventory
method with a constant rate of depreciatio®) Xk ,+l;, whered is 0.15. Due to log transformation

issues, we only employ the profit variables whesifpee profit is observed.

Table 3 gives means and standard deviations fovahables used in the study. It also report surgmar
statistics for the non R&D firms included in thégimal sample. Comparing R&D firms and non-R&D
firms it is clear from the table that the R&D firrage more productive and profitable than otherdirthe

capital stock is larger, they are less leveragedhave more employees.

Table 3 reports pairwise correlations for R&D firndss could be expected, profit and productivity are
highly correlated. The capital stock has a stro@gsociation with both performance measures thabD.R&
The leverage coefficient confirms that the relatize of interest cost correlates is negativelyhpitofit

and productivity.



Fig 2 (See Appendix) displays the lag structurehef capital stock, R&D and gross investment in
machinery and equipment. The correlation betwaenttiree capital variables and their own lags shows
that the flow of investment is considerable mor&tiie than the two other. In the econometric asigly

we use capital stock but the flow of R&D.

There is an issue of accumulation and depreciaifahe firms’ knowledge capital. The literature has
convincingly shown that the impact of current R&D ourrent productivity depends crucially on past
R&D. Griliches (1979), and others argue that thaelstof R&D is preferable to flow in the production
function. In this case, the accumulation of knowledapital should be treated in the same way daotha
physical capital, using the "perpetual inventorydgess as a common framework. One problem with the
perpetual-inventory model, discussed by Klette 7399 that we need a long history of the firms’ R&D
expenditures in order to construct the knowledgstabstock. In many cases, like the present, htivon

on the R&D observations is acute. We thereforethisdélow measuré.

4. METHODOLOGY

Time series of cross sectional firm observatiomstgpically quite short which brings about the ssu
efficient estimators and estimation of individuatérogeneity effects. Consistent estimation of rhode

parameters requires a sufficient number of timépgesbservations for each firm.

Our panel is unbalanced, with some firms havingemnobservations than others. In the estimation
procedure, we are looking for an estimator for@ds “Arellano-Bond” situation: (i) “small T, lasggN”
panels; (ii) a linear functional relationship; Xié left hand side variable explained by its owggkd
values; (iv) some regressors may be endogenous$ixég individual effects; and (vi) heteroskedaityic
and autocorrelation within individuals, but the oslyncratic disturbances are uncorrelated across

individuals.

Unfortunately proposed estimators such as systemrghzed method of moments (GMM), although
theoretically attractive, often are empirically qaivated to apply and can easily generate invalid
estimates. Crucial is the information provided hg test statistics and Roodman (2006) suggests that
inferior estimators such as the OLS panel daimator or the likewise “dynamic panel biased” virith
estimator both can be helpful when specifying tihd\MGestimator; a good estimate of the true parameter
estimate of a one-lag of the dependent variablesldhie in the range between the OLS and the FE

values.

2 The calculation of the capital stock is basedrdarimation on tangible assets provided by Statssiweden. We
use this as a proxy for gross capital stock ancutate the growth as the difference between grgsssiment and
and depreciation.
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The Arellano-Bover (1995)/Blundell-Bond (1998) ewdior that we will employ assumes that the first
differences of instrumenting variables used areotmetated with the fixed effects. This is an impoit
improvement of the original Arellano-Bond model canit allows the introduction of more instruments.
Moreover, the methodology offers forward orthogodaViations, as an alternative to differencing. The
advantage with forward orthogonal deviations i ih@reserves sample size in our unbalanced sample

which includes gap.

In this paper we employ the asymptotically mordécefht two-step system GMM estimator augmented
with a finite-sample correction to the two-step @oance matrix derived by Windmeijer (2000) in ortie
correct for downward biased standard errors. TMMGestimator should correct for simultaneity bias
coming from the endogeneity of variables and thes@nce of correlated firm-specific effects and the

general model is the following:

Yo =AYt BXet B4, *E (1.1)
& =1+, (1.2)
E[u]=[v]=[uu]=0 (1.3)

where ¥y is an observation firm [i] in period [t] 1992-2008; is covariates commonly used in the
literature we refer to in this paper. The erromter; consists of two variables: ] is an unobserved
individual-specific time-invariant effect which aWts for heterogeneity in the means qof] [yeries across

individuals, andyji] is the traditional error term. We assume thg} &re independent across individuals.

The first of our two benchmark models, included floe specification issue discussed above, is the
“naive” OLS panel data estimator. One problem iplgpg OLS to equation (1), is that, y1 is
endogenous to the fixed effect in the error ternmictv gives rise to “dynamic panel bias.” By
construction, the unobserved panel-level effectscarrelated with the lagged dependent variables. T
effect will be that the correlation with the errtarm inflates the coefficient estimate for the lagg
dependent variable by attributing power that atgua¢longs to the fixed effect. One way to corrixt
endogeneity is to transform (difference) the datagmove the fixed effects. But the resulting Withi
Group estimator does not eliminate dynamic pant Hes as has been shown by Nickell (1981), Judson
and Owen (1999), Bond (2002), Roodman (2006) ahérst Instead the resulting estimates will be

biased downwards.

® Roodman (2006) shows that “Under the Within Grtrapsformation, the lagged dependent varibale besorh ..
1=Yi 1 - UT-1( +...+Y7) while the error becomeg; 1=V .1 - 1/T-1;; +...+vi7)...The problem is that the y;
termin y* ., correlates negatively with the -1/Tvl(.,) in v*;; while, symmetrically , the -1/T-1fyandv; term
also move together.”
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Specification of the model

We will specify six versions of equation (1.1), kné general model is the same for all regressions.
specification (2) , the logarithm of current labguoductivity is estimated as a function of twgdad
values of the logarithm of productivity (VA), cumeand two lagged values of the logarithm of regear
expenditures (R), current and two lagged valugb@logarithm of the capital stock (K), currentidwo
lagged values of the logarithm of the capital dee (CS), current and two lagged values of the

logarithm of the employment (CS) nine year dumnfi@sand 13 industry dummies (IC)
VA: alvAt—l+a2VA—2+ﬂl iR+ ﬂl Rt,— 1+ ﬂz itR,— 2+ yl iK+ yl i|t<,— 1+ y 2ill<,— (2)
+CS+GCH , +¢, C3,+, e L+, L+ FIC

Compared to specification (2), in the third speeifion, we substitute VA for R, and R for VA.
Otherwise specification (3) is identical with sgieition (2). In specification (4) the left-handdsi
variable is K, explained by its own past realizasiocurrent and two lagged values of the logaritim
research expenditures (R), and current and twoethgglues of the capital structure (CS). In thmesa

manner as above, specification (5) explains piuoifitg as a function of K and R.

R:alR,l—l+a2 RI—Z+IBIVA+181VA—1+182 \/IA 2+y1 iK+yli}l<,— 1+y2ill<,— (3)
+C1CS+C10§—1+C2 Ci$—2+Zli|j-Elil,‘—l+Z2i!‘,— 2+ -F- |C

K :alKi,t—1+a2Kit—2+ﬂ1V'A\i+ﬂl\/A,—l+/82VA,— 2+y1R+yliR,— 1+y2iR,— (4)
HCSHGCR L+ CR 4 e LA, L FIC

EB:alEB,t—l-l-aZ EB{—2+ﬂl Ii<-+_ﬂlli<1,—l-+_ﬂ2 Ii<l,— 2+y1R+ylitR,— l+y2iR,— 2-+_ (5)
ZlLi +£1L|;—1+Zzl-\t—2+T + |C|

Specifications (6) and (7) include both capitalisture (issuing of debt) and profit in the sameadigus
when explaining R&D and physical capital respedjivet should be noted that the general lag stmect

in equations 2-7 is changed when it is requiredtdube presence of autocorrelation.

RzalRl,t—1+a2Rl—2+ﬂl EB+ﬂl EiB,—l+/82 EB,—2+yl iK+yli}t<r 1+y2ill<7 (6)
+CIC$+CIC§—1+CZ Ci$—2+ZliH-gli!,_—l+ZZi!_,— 2+ Tl- |C
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K :aK +a K +ﬂ1EBI+ﬂlEBI,—l+ﬁ2 Eﬁ,— 2+le+ylilR,— l+y2iRT (7)

1 Vit-1 2 Nit-2

+C1CS+C1C§—1+C2 Ci$—2+Zlin-£li!,_—l+Z2i!_,— 2+ -F- |C

5.RESULT SECTION

This section reports the results. Table 4 disptagsproductivity equation. In Table 5 the elasfiaif
R&D is reported. Table 6 report the relationshipasen capital investments and its determinantsleTab
presents the profit equation. In Tables 8 and 9tifw investment functions are re-specified and both
capital structure and gross profit are included gnitne covariates. Table 10, finally, gives the swary

results. Test statistics for the GMM-estimatespaiovided in Panel B of the Tables 4-9.
5.1 Productivity equation

Table 4 exhibits three regression results and atandrrors on equation (1.1) when the dependent
variable is log value added per employee. The ¢ottimn reports the pooled OLS-regression. Therskco
shows the within-estimates. Column 3 displays tMiMzestimates. Our main interest is how productivity
if affected by R&D and physical capital and theusdas on the system GMM-estimator. The other two
estimators are presented for specification issnesvéll only be commented in this respect. Addiibn
covariates in the regressions are capital struetndeemployment. Industry dummies and a time teged

also included in the regression but not reportettiéntable.

As a first check of how well the GMM-model has bapecified, we use the “Rule of thumb” suggested
by Roodman (2006): Good estimates of the true pet@mnfor the first lag of the dependent variable
should lie in the range between the parameter astsrof this variable using the naive OLS and itkedf
effects model. Row 1 shows that the first lag midoictivity enters with highly significant coeffets in
all three equations within the range 0.15-0.67.sEheesults are consistent with the literature ssiiyug
that productivity differences are highly persisteégction four provides evidence that the withitineste
(0.15) is downward biased while the OLS estimaté7qPis biased upward. The GMM estimate is 0.46

and fulfils the requirement to be to between the benchmark coefficients.

We now turn to the investment coefficients. Therature has shown the central role played by
knowledge and capital in firms’ production functioff one ignores the non-significant first-lag
coefficients, Column 3 suggests that productivstyan increasing function of both tangible and igtaie
investments. The system GMM estimates indicatettiatontemporaneous marginal effect is somewhat
stronger for physical capital (0.064) as compa@d®&D (0.017). However, the coefficient estimate
indicates that R&D has a more persistent effegirmauctivity. While the second-lag coefficient I8&D
is positive significant at the 5% level, its coupeat for capital is only weakly significant.
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We now consider Panel B and the test statistics. firet order serial correlation test does not ptin
any misspecification of the model. The second otelgris just outside the critical value to besdattory.
The Sargan test for the additional instrument iggplby the GMM-system is significant at the 1% level
Like-wise, the GMM overidentification test, suggabtby Hansen (1982), does not indicate that the

econometric model is misspecified.
5.2 R&D equation

Table 5 presents regression results for the R&Datop. Comparing the first lag of the dependent
variable in the GMM-model with the two other modgiges a first rough indication that the model é& n
misspecified. Column 3, Rows 2-3 reports quiteale estimates for the lagged R&D variable. Hence,
among firms with 50 or more employees, current gagaent in R&D is a good predictor of future R&D-
ambitions. Comparing with the productivity equatidrable 4 suggests that the persistency of R&D is

stronger than that of productivity.

While Table 4 reported that R&D causes productiVigble 5 shows that the reverse causality is weak.
The coefficient estimates for the immediately effand for the second lag of productivity are not
statistically different from zero. The one-yeardad productivity variable is positive but only waak

significant.

Contemporaneous change in physical capital isigebitrelated to R&D investment supporting the idea
that innovation in form of ideas must be embodiediéw machinery and equipment in order to generate
sales, productivity and profit. However, capitalimates reported in Table 5 indicates that thecefie
transitory. The lagged capital variables show tteatgible investment year 1 have no influence &DR
year 2 and year 3. We also see that the capitattate variable report that R&D investment is not
sensible to issuing debt or increased costs farest payment. Finally, the test statistics prieskm

table B is satisfactory suggesting that the eqoasismot misspecified.
5.3 Capital Investment.

Table 6 reports that the specification of the GMiylr&tion is just outside the Roodman-criteron when

the capital equation is considered, but test sigidisplayed in Panel B is entirely satisfactory.

Similar to R&D and productivity, the coefficienttesate for one-year and two-year lagged values of
the capital stock indicates high degree of penmsisteMoreover, increased R&D is inversely related t

capital, although only the second-lag of the knaolgkevariables is statistically significant.

The contemporaneous increased leverage ratio esghyr positively related to capital investment,

suggesting that firms finance their capital invemtinby issuing debt. But the raised debt yeardlda
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negative influence on the capital investment yealttough it decays rapidly. When lagging two pésio
the elasticity of capital investment with respeaxcthe capital structure is not significantly diffat from

zero.
5.4 Profitability

The regression result for the profit equation isptiyed in Table 7. The Roodman test and the test
statistics in Panel B don't suggest that the mbdslto be re-specified. Row 1 shows that the ctulessl
of profit is highly correlated with the profit leMast year.

The panel-data literature reports that increaseelstment levels suggest positive expectations turdu
profitability. This finding is partly confirmed bgur regression results. Looking at our two investime
variables intimates that R&D is stronger predictbprofit than capital. When capital is consideredly
the current level is significant, but nearly ouési@ny acceptable levels of significance. In catirthe

R&D-variable suggest that increased knowledge itnvests lead to higher profit with a lag of one year
5.5 Investment as a faction of internal and external financing

While Tables 4 and 5 show the influence of issudeft on investment, Tables 8 and 9 re-specify the
two investment equations presented above by inofudiofit among the determinants. The test stasisti

are satisfactory in both cases and we can therpfdreur attention on the coefficient estimates.

Starting with the R&D-equation, Table 8 report tha firms’ R&D-efforts do not vary, or vary only
weakly (at the 10% level) with changes in the padifility. Similarly to the findings reported in Tiab5,
the coefficient estimates for capital structurevaitin Table 8 confirm the unsuitability of debtaasource

of finance for R&D investment.

Interestingly, Table 9 shows a difference in reggsnto increased profitability between capital and
R&D investments. Our results give support to wdolgsBond, Harhoff, Van Reenen 1999, Cinera 2002
and other suggesting that R&D is a long term commeiit not expected to be seriously affected by
temporary financial constraints. In contrast, cgitvestment is sensitive to both external finagcand

internal financial sources through retained profiigy.
6. SUMMARY

This paper starts by reviewing empirical applicasi@f panel data methods to micro-data on the links
between finance, investments and firm performafte. literature shows inconsistent results and yartl
they can be related to data limitations and metlogfical problems. In both cases continuing redearc

efforts are motivated, that can shed further lmginthe dynamic process of firm growth.

-14 -



The empirical study focuses on four possible catsationships by asking the following questions:
First, will higher interest expenditures due tora@ased leverage leave less room for investment
expenditures? Is there evidence that capital an@® R&estment are affected differently by increased
leverage? Second, will a profit increase — befaterest and taxes — stimulate investments? Isther
evidence that capital and R&D investment are adiéctifferently by increased profit? Is there a reee
relationship between investment and profit? Thividl, higher R&D expenditures lead to increased tapi
investments? Is there evidence of a two-way relatip between R&D and capital investment
expenditures? Fourth, is there evidence of a leietivnal relationship between productivity and
investment expenditures? Is there any differendhigpossible two-way relationship between investm
in knowledge and machinery and equipment?

By applying a system GMM estimator on 5,289 firmsetvations from Swedish manufacturing firms
over the 1992-2000 peripdhe main empirical finding can be summarized ako¥a. First, physical
investments are sensitive to changes in both plofity and external debts while R&D is only weakly
affected by the firm’s finance conditior®ne possible explanation for the latter is thatoaesider firms
with 50 or more employees, while capital constrara problem mostly for smaller R&D firmSecond,
no robust correlation between knowledge investmesmsl ordinary investments can be
established. Third, R&D has a strong effect ordpobivity and profit. The reverse relationship
is fragile and typically insignificant. The causalbetween physical capital and productivity is
bidirectional, while increased profit leads to moagital but not the vise versa.
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TABLE SECTION

Table 1 Variables, trimming and summary statistics

Panel A: There variables we used were the following

VA:
EB:
RD:

CS
K:

L:

Log value added per employee

Earnings before interest and taxes

Log R&D per employee

Capital structure; total debt/(equity + total debt

Net capital in volume computed by a perpetual inegnmethod with a constant rate of
depreciation (1) K .1+l;, whered is 0.15.

Log number of employees

The economic variables are expressed in 100 00@iSwerowns (1 Swedish crown is about 9.50 Euro)

Panel B: The variables have been trimmed in tHeviahg way:

VA:

EB:

R:

CS

The observation is dropped if value added is negatialue added is upward censored to
0.8*sales

Profit is downward censored to -1.0* sales timed+bfit is upward censored to 0.6 * sales.

R&D is upward censored to two times sales if R&DeTobservation is dropped if R&D/emp i
larger than 200 billion Swedish crowns).

Capital structure is downward censored to 0 andangwensored to 1.

Uy
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Table 2: Summary Statistics over the period 1992-20

R&D Firms Non R&D Firms
BS ear de BS ear de'

5289 1 A€ 6,078 97 A€
4,344 A4 At 4,852 14 1€
5,289 47 9¢ 6,078 28 AC
5,289 65 .6€ 6,078 .0C -

5,289 TC A€ 6,078 T3 RS
5289  4C .0¢ 6,078  .6¢ 74

Notes: VA: log value added per employee; EB: lome®s before interest per employee; K: Log castatk per
employee; R: Log R&D per employee; CS: Capitaldtite, Log employment per employee

The data contain all manufacturing Swedish firmgs0 or more employees. Panel C split these giropour
investigated R&D firms and the rest of the firm.
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Table 3: Pairwise correlation ober the period 19020.

VA EB K R Cs L
VA 1.000
EB 0.748 1.000
K 0.370 0.319 1.000
R 0.203 0.235 0.010 1.000
Cs -0.164 -0.176 -0.094 -0.027 1.000
L 0.158 0.123 0.247 0.224 0.071 1.000

Notes: VA: log value added per employee; EB: logqiggys before interest per employee; K: Log cagstatk per
employee; R: Log R&D per employee; CS: Capitalcttite, Log employment per employee.
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Table 4: Regression results.
Dependent Variable: Productivity; log value added gmployee (VA)

Panel A: Parameter estimates
OoLS oLS GMM
"Naive” FE
N 2,978 2,298 2,298
Coeff StDev Coeff StDev Coeff StDev
VA, t-1 573" .019 151" .023 464" .078
VA, t-2 202" .020 -.107" .023 014 057
R, t-0 .006 .007 .000 .008 017 011
R, t-1 -.016" .007 -.03%" .008 -.007 .006
R, t-2 015 .007 -.016 .008 016 .006
K, t-0 039’ 016 .005 .019 064 021
K, t-1 -.035 .019 -.000 .019 -.005 028
K, t-2 .048™ .015 024 .018 .035 019
Panel B: GMM-test statistics

Instruments for first difference equation: Standayear and industri dummies

GMM-type: Lag (1/.). (L.VA, R, L, K, CS)
Instruments for level equation: Standard: yeariadustri dummies

GMM-type: Diff (L.VA, R, L, K, CS)
AR (1) .005%
AR (2) .085°
Sargan overid .000%
Hansen overid .3402
Diff.-in-Hansen test of exogeneity of instruments
Diff.-in-Hansen test of exogeneity of instruments
-Excluding groups 712
-Difference .869%
2. lvstyle
-Excluding groups .229%
-Difference 9102

Notes: The table focuses on the relationship betvpeoductivity and R&D and physical capital respety.
Additional covariates in the model are capital gtinee and employment. Variables in the model atddg value
added per employee, R: log R&D- investment per eyg®, K: log Capital stock per employee, L: log éoyment,
CS: capital structure (debt/(equity + debt)), intdpslummies and year dummies. In order to saveesphe
coefficient estimates for the two latter is notagpd

As a first check of the specification of the GMM-ded, we use the “Rule of thumb” suggested by Raadl2006):
Good estimates of the true parameter for the ligbf the dependent variable should lie in theyealbetween the
parameter estimates of this variable using theen@iS and the Fixed effects model. See WAn Row 1.

Test statistics (a) satisfactory, (b) less sattsfgc (c) unsatisfactory
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Table 5: Regression results.
Dependent Variable: R&D; log R&D per employee (R)

Panel A: Parameter estimates

OoLS OLS GMM
"Naive” FE

N 2,978 2,978 2,978

Coeff StDev Coeff Coeff Coeff Corr.

StDev

R, t-1 563 ** .017 102 ** .021 515%** .054
R, t-2 .307*+* .017 .027 021 178%* 042
VA, t-0 .046 .047 .001 .054 .017 062
VA, t-1 .213%x* .056 .120%* .060 .123* 072
VA, t-2 -.148%** .053 -.068 .061 -.080 .055
K, t-0 .091%* 041 .102%* .050 143% 071
K, t-1 -.070 .051 -.052 .051 -.010 .047
K, t-2 -.014 .040 -.041 .047 -.004 042
CS, t-0 121 .168 322 .198 342 211
CS, t-1 142 223 .039 212 .062 218
CS, t-2 -.318* 111 -.071 .189 011 .1658

Panel B: GMM-test statistics

Instruments for first difference equation:

Instruments for level equation:

Standayear and industri dummies
GMM-type: Lag (1/.). (L.R, VA, L, K, CS)
Standard: yeariadustri dummies

GMM-type: Diff (L.P, P, L, K, CS)

AR (1) .000°
AR (2) 428°
Sargan overid .000%
Hansen overid .318?2
Diff.-in-Hansen test of exogeneity of instruments

-Excluding groups .696%
-Difference .028
2. lvstyle

-Excluding groups 4432
-Difference .109%

Notes: The table reports on the determinants tDRR). The explanatory variables in the model agevalue
added per employee (VA), log capital stock per eygé (K), log employment, capital structure (C)ressed as
(debt/(equity + debt)). The log of employment, uetty dummies and year dummies are also includedrder to
save space, the coefficient estimates for the tlatesr are not reported

As a first check of the specification of the GMM-d&b, we use the “Rule of thumb” suggested by Road2006):
Good estimates of the true parameter for the ligsbf the dependent variable should lie in theyealbetween the
parameter estimates of this variable using theen@iS and the Fixed effects model. See row two fileerbottom

of panel A.

Test statistics (a) satisfactory, (b) less sattsfy, (c) unsatisfactory
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Table 6: Regression results.

Dependent Variable: Physical Capital; log variat@pital stock per employee (K)

Panel A: Parameter estimates

OLS oLS GMM
"Naive” FE

N 2,978 2,978 2,978

Coeff StDev Coeff Coeff Coeff Corr.

StDev

K, t-1 750%% 017 325w+ .020 . 756%** .030
K, t-2 .150%* 017 -.042 .020 .058* 029
K, t-3 098 .029
VA, t-0 .050%* .020 .006 022 017 044
VA, t-1 .069** 024 075% .025 .109% .030
VA, t-2 -.039* .023 -.041 .025 -.050 034
R, t-0 017% .008 .018** .008 -.006 .010
R, t-1 -.008 .008 012 .008 -.015 .010
R, t-2 -.009 .008 -.004 .008 -.029%* 011
CS, t-0 .306%** 073 .350%** .083 294%%% 122
CS, t-1 - 485%** .097 - 445%%* .088 - AT71% 136
CS, t-2 .073 075 -.011 078 -.020 .093

Panel B: GMM-test statistics

Instruments for first difference equation:

Instruments for level equation:

Standayear and industri dummies
GMM-type: Lag (1/.). (LK, P, R, L, CS)
Standard: yeariadustri dummies

GMM-type: Diff (LK, P, R, L, CS)

AR (1) .000°
AR (2) 1782
Sargan overid .000%
Hansen overid .288%
Diff.-in-Hansen test of exogeneity of instruments

-Excluding groups .3672
-Difference .253%
2. lvstyle

-Excluding groups .318%
-Difference .305%

Notes: Table focuses on the relationship betwegital stock, productivity, R&D and capital strueuAs a first
check of the specification of the GMM-model, we tlse “Rule of thumb” suggested by Roodman (20@®)od
estimates of the true parameter for the first fathe dependent variable should lie in the rangevben the
parameter estimates of this variable using theen@S and the Fixed effects model. See row two filoenbottom

of panel A.

Variables in the model are VA: log value addedgraployee, R: log R&D- investment per employee,d§ Capital
stock per employee, L: log employment, CS: capitialcture (debt/(equity + debt)), industry dumndesl year

dummies.

Test statistics (a) satisfactory, (b) less satisfy, (c) unsatisfactory
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Table 7: Regression results.
Dependent Variable: Profit; log earnings beforernest and taxes per employee (EB)

Panel A: Parameter estimates

oLS oLS GMM
"Naive” FE
N 2,978 2,298 2,298
Coeff StDev Coeff StDev Coeff Corr.
StDev
EB, t-1 54 ** .022 086*** 027 37T .058
EB, t-2 .182%x 021 -.070 .026 023 .039
K, t-0 .004 .049 -.029 .060 .106* .064
K, t-1 .049 .060 -.055 .061 .090 .068
K, t-2 .030 .046 -.108* .058 -.025 .053
R, t-0 -.028 .020 -.073%** .025 .007 029
R, t-1. .035 022 -.013 .023 .048** 021
R, t-2 .054%%* .020 -.013 .023 .029 027

Panel B:GMM-test statistics

Instruments for first difference equation: Stanklayear and industri dummies
GMM-type: Lag (1/.). ()

Standard: yeakiadustri dummies
GMM-type: Diff (L.1, R, K, L, CS)

Instruments for level equation:

AR (1) .000?
AR (2) 2122
Sargan overid .000%
Hansen overid 1522
Diff.-in-Hansen test of exogeneity of instruments

Diff.-in-Hansen test of exogeneity of instruments

-Excluding groups .072°
-Difference .763%
2. lvstyle

-Excluding groups 1722
-Difference .2842

Notes: Table focuses on the relationship betweaefitRnd Physical Capital and Profit and R&D respeely.

As a first check of the specification of the GMM-dad, we use the “Rule of thumb” suggested by Road(2806):
Good estimates of the true parameter for the lfigbf the dependent variable should lie in theyeabetween the
parameter estimates of this variable using theen@S and the Fixed effects model. See row two filoenbottom
of panel A.

Variables in the model ai€B: log profit before interest and taxes per employdog R&D- investment per
employee, K: log Capital stock per employee, L: émgployment, CS: capital structure (debt/(equityebt)),
industry dummies and year dummies

Test statistics (a) satisfactory, (b) less sattsfgc (c) unsatisfactory
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Table 8: Regression results.
Dependent Variable: R&D; log R&D per employee (R)

Panel A: Parameter estimates
OoLS OLS GMM
"Naive” FE
N 2,978 2,978 2,978
Coeff StDev Coeff Coeff Coeff Corr.
StDev
R, t-1 B575%* .020 109**+ .024 .650%x* .038
R, t-2 .283%%% .020 752 024 .290%+* .032
EB, t-0 -.031 .023 -.077%** .026 -.013 026
EB, t-1 102+ .020 .035 .028 .072* .037
EB, t-2 .004 .023 -.000 .027 -.024 .032
K, t-0 .080 .051 .096 .062 .032 .066
K, t-1 -.051 .063 -.040 .063 -.052 .066
K, t-2 -.032 .049 -.018 .060 -.082 051
CS, t-0 267 .205 434* 244 162 240
CS, t-1 -.010 272 .055 254 .138 243
CS, t-2 -.208 .200 .076 221 -.079 201
Panel B:GMM-test statistics
Instruments for first difference equation: Stanklayear and industri dummies
GMM-type: Lag (1/.). (L.Ryt L, K, CS)
Instruments for level equation: Standard: yeakiadustri dummies
GMM-type: Diff (L.R, I, L, K, CS)
AR (1) .000%
AR (2) 178°
Sargan overid .000%
Hansen overid .2882
Diff.-in-Hansen test of exogeneity of instruments
-Excluding groups .367%
-Difference .2532
2. lvstyle
-Excluding groups .318%
-Difference .3052

Notes: Table focuses the impact of (i) Profi, Qiapital Stock and (iii) Capital Structure on R&iwestments. The
estimated coefficients of the first lag of the deghent variables indicate if the GMM estimates an@awhere
between the biased Naive OLS estimate or the bisedl effect estimate. See R, t-1.

Variables in the model are EB: log earnings befoterest and taxes per employee, R: log R&D- innestt per
employee, K: log Capital stock per employee, L: émgployment, CS: capital structure (debt/(equitjebt)),
industry dummies and year dummies.

Test statistics (a) satisfactory, (b) less sattsfy, (c) unsatisfactory
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Table 9: Regression results.
Dependent Variable: Physical Capital; log variat@pital stock per employee (K)

Panel A: Parameter estimates

oLS OoLS GMM
"Naive” FE
N 2,978 2,978 2,978
Coeff StDev Coeff Coeff Coeff Corr.
StDev
K, t-1 T23*** .021 .292%** .025 L123%%* .032
K, t-2 .166 .020 -.013 .025 167%+ .024
EB, t-0 .000 .009 -.005 .011 .023 .015
EB, t-1 .040 .011 .035%** .011 .063*** .019
EB, t-2 .003 .009 .018 .011 .019 .013
R, t-0 .014 .000 .016 .010 -.011 .012
R, t-1 -.011 .010 .008 .010 -.008 .013
R, t-2 -.007 .009 -.009 .010 -.021* .011
CS, t-0 .395%** .086 .290*** 101 .244* 132
CSs, t-1 -.514%** 114 - 429*** .105 -.403*** .088
CS, t-2 .074 .085 .009 .092 .065 .073

Panel B:GMM-test statistics

GMM-test statistics

Instruments for first difference equation: Standayear and industri dummies
GMM-type: Lag (1/.). (L.KtP, R, L, CS)

Instruments for level equation: Standard: yeariadustri dummies
GMM-type: Diff (L.K, i, R, L, CS)

AR (1) .000%

AR (2) .240%

Sargan overid .000%

Hansen overid .066"°

Diff.-in-Hansen test of exogeneity of instruments

-Excluding groups 1682

-Difference .068

2. lvstyle

-Excluding groups .2842

-Difference .002°

Notes: Table focuses the impact of (i) Profi} Ri&D and (iii) Capital Structure on Physical capihvestment, i.e
growth of the Capital Stock. The estimated coedfits of the first lag of the dependent variablelicate if the
GMM estimates are somewhere between the biase@® N estimate or the biased Fixed effect estingde.K, t-
1.

Variables in the model ai€B: log earnings before interest and taxes per eregloR: log R&D- investment per
employee, K: log Capital stock per employee, L: émgployment, CS: capital structure (debt/(equitjebt)),
industry dummies and year dummies.

Test statistics (a) satisfactory, (b) less satisfy, (c) unsatisfactory
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Appendix:

Table A: Identitical R&D expenditures

sively number of ye

Number of firms

action of all R&D firm:

2,144

1,171

666

380

197

111

55

23

40.5%

22.1%

12.6%

7.2%

3.7%

2.1%

1.0%

0.4%
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Fig 1: What can we expect based on the literature?

Relationship

Expected sign
based on the literature

Capital structure — Physical (ar): Contemporaneous change in debt can be fotldwean

capital increase or a decrease in capital investments.

Capital structure — R&D (ar): If changes in capital structure towardsrendebt is
following by reduction in R&D the relationship migbe either
one of simultaneity or transitory.

R&D - Profit (+): Changes in R&D suggest positive expgéates on
profitability.

Profit — R&D (ar) The estimated effect of profit on R&D iften not
statistically different from zero.

Physical capital — Profit (+): A larger capital stock will be asso@dtwith a higher level
of profit.

Profit — Physical (ar) The profitability estimate can be expecteteqositive but

capital with a weak degree of significance.

Physical capital — R&D (ar): The elasticity of R&D with respect to pdigal capital is
ambiguous.

R&D - Physical (ar): The elasticity of capital with respect to R&ambiguous.

capital

R&D - Productivity (+): The estimates associated witlrentrand lagged values of
R&D on productivity are estimated to be positive

Productivity - R&D (ar): Weak or no evidence is expected that pobidity causes
R&D.

Physical capital — Produc-tivity (+):The estimates associated withgitgl on productivity are
estimated to be positive

Productivity — Physical (ar): We are not expecting to provide strong evigetinat

capital changes in productivity will stimulate growth oftbapital

stock.

Notes: Ambiguous results (ar)
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Fig 2: Correlation between (i) Capital Stock, K;. K. K g, (ii) Capital InvestmentK , K 1.1,

gand (i) R&D, R, Ru1. Rig

Correlation of Capital Stock (K) , Capital Investme  nt (k) and R&D (R)

120 -

N M
80

60 -

Correlation

20

K t.
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