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Is Europe Different from the United States?

Abstract

During the mid and late 1990s young, high-tech $irm the U.S. experienced a
supply shift in both internal and external equitgling a finance driven boom in
corporate R&D. | estimate dynamic R&D regressiondeis for high-tech firms,
separately for the U.K. and Continental Europe, &nd significant cash flow
effects for newly listed firms in both samples, baty the new, high-tech firms in
the U.K. experienced a supply shift in externaliggas well. The findings of this
paper suggest a channel through which market Hassttial systems outperform

the bank based economies of Continental Europe.
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1. Introduction

Recent evidence suggests that the U.S. experiemd@édnce driven R&D boom in the late
1990s (Brown, Fazzari and Petersen, 2009 — BFP9j2B6reon). Young, high-tech firms
benefited from supply shifts in both internal andeenal equity which relaxed otherwise
binding financing constraints for R&D investmenteélfindings in BFP (2009) suggest that
there exists a significant connection between fieaimnovation, and growth. In this paper |
examine whether R&D spending in Europe was sinyilaénsitive to fluctuations in the
availability of internal and external equity finanduring the late 1990s and early 2000s. |
focus on R&D investment in the U.K. and nine otlimveloped European economies
(Continental Europe). The U.K. is particularly irgsting to study because it is most like the
U.S. in having a market based financial system eapeing a sharp stock issue boom in the

late 1990s.

The results are obtained from analyzing 700 pibtiaded, high-tech firms incorporated
in Belgium, Denmark, Finland, France, Germany, tdetherlands, Norway, Sweden,
Switzerland, and the U.K. during the period fron®390 2004. Roughly 40 percent of the
firms are incorporated in the U.K. | estimate dymaEuler equation models with generalized
methods of moments (GMM) estimation separatelyJfdt., and Continental European, high-
tech firms. The joint equity estimates for new, U.Kigh-tech firms are quantitatively large
and statistically significant. The regression fawy Continental European, high-tech firms
only provides a significant joint cash flow effedihe results are robust to considering

alternative sample splits, estimation proceduned,iastrument lag lengths.

New, Continental European, high-tech firms alspesienced a stock issue boom in the
late 1990s, but this did not matter for R&D asid ébr new, U.K. high-tech firms. Also,

R&D normalized by total assets and net stock isseiaormalized by total assets were higher



for, new, U.K., high-tech firms than for new, Comntal European, high-tech firms. In the
boom year of 1999, new, U.K., high-tech firms had average R&D intensity of 0.207
compared to 0.155 for new, Continental Europeagh-tech firms. The major difference lies
in the net stock issuance variable where new, UikKns had an average of 0.333 during the
sample period compared to 0.220 for new, ContineBtaopean, high-tech firms. The
empirical analysis suggests that the reason fohiifeer R&D intensity of new, U.K., high-
tech firms compared to that of high-tech firms fr@ontinental Europe is their access to

external equity which they spent on additional Raestment.

My findings on European, high-tech firms corrolier8FP’s (2009) U.S. findings and
contain important implications. U.S. and U.K., higlth firms appear to have similar R&D
intensities and uses of cash flow and also seedepend on net stock issuance to a similar
degree. Thus, it appears as if market based fiahagstems are better at providing external
finance to R&D investing firms at lower costs. Tliterature agrees that because of capital
market imperfections, firms without adequate in&rfinance may face binding financing
constraints for R&D investment (Carpenter and Reter2002; Hall, 2002). This could be a
channel through which the nature of a country'saricial system influences its economic
growth. Beck and Levine (2002) cannot find evideoteither market or bank based financial
systems facilitating economic growth better. The&s.Uand U.K. with their market-based
financial systems appear to support R&D intensiuad better than bank-based Continental
European economies. Combining these findings whth importance assigned to R&D in
endogenous growth models (Aghion and Howitt, 199298) this is a potential channel
through which market-based financial systems otdper the bank-based economies of

Continental Europe.

The paper proceeds as follows. Section 2 preseretsempirical strategy. Section 3

includes the presentation of the data alongside déscriptive statistics and graphical
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evidence. Section 4 presents the dynamic GMM resuitl tests their robustness. Section 5

summarizes and discusses the implications of titengs.

2. Econometrics and estimation

R&D investment specifications used in the empiritiggrature are almost exclusively
transformations of capital investment specificagiolo my knowledge, BFP (2009) are the
first to apply an Euler equation model, derivedBond and Meghir (1994) for capital

investment, to R&D investment. | apply the samecBation.

The Bond and Meghir (1994) model relates capitabstment rates between successive
periods and is derived from dynamic optimizationlmsymmetric and quadratic adjustment
costs. Herein lies the advantage of the Euler émuagssuming expectations are formed
according to the previously mentioned dynamic o#ation scenario, the Euler equation
specification controls for expectational influenadtecting the investment decision. Since
expectational influences are controlled for it isrenstraightforward and less ambiguous to

interpret the estimation results and to draw casiohs from the econometric estimates.

Equations (1) and (2) below are the same as in @BB9, p. 162). When equation (1)
holds, the impact of expectations on investmertoistrolled for and based on the sign in
front of S5 the sample-firm is considered not to be finangiatinstrained. Moreover, besides
the sign in front of33, f; should be slightly larger than one, ghdnegative and slightly less
than one. The sample of firms satisfying theseredton restrictions are considered not to be
financially constrained. Thus, meeting these tanggties implies not rejecting,, and

subsequently the baseline Euler equation modeboflEand Meghir (1994) holds.



Hy:The baseline Euler equation holds,i.e.no financing constraints
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Equation (2) follows BFP (2009) with the purpose @fploring corporate financing
constraints. In practice this implies testing tmepact of internal and public equity as
financing sources of R&D investment. The addedaldes are: contemporaneous cash-flow,
since it is the standard measure in the literafloreinternal financing of investment;
contemporaneous output since the high correlatietwden sales and cash-flow otherwise
may inflate the cash-flow estimate; and contempevas and lagged net stock issuance
(abbreviatedtk; .., andstk;, respectively in equation (2)). A sample satisfyspgcification

(2) rejects the proposed null hypothesis of norfaiag constraints.

H;:The baseline Euler equation needs to be augmented with financial variables,

i.e. financing constraints
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The adjustment costs associated with R&D investraemtsupposedly higher than for other
types of investment. The literature highlights teasons for why this might be so. The lion’s
share of corporate R&D expenditure comprises salamgsearchers and firms are normally
reluctant to fire researchers since they have tedes lot of time and funds for training them.
Firing R&D workers is also problematic due to thisctbsure issues of R&D projects.
Therefore firms choose to smooth their R&D expamditto minimize the risk of having to
drastically cut in the R&D budgethis topic is thoroughly discussed in Hall (2002dan

Himmelberg and Petersen (1994).

The higher adjustment costs associated with R&mJ the subsequent smoothing of
corporate R&D expenditure, result to the R&D tinexiss being highly persistent. This is
why modeling R&D investment requires a dynamic #petion. Ordinary least squares
(OLS) and within estimation are recognized as hiastimators of short dynamic panel data
sets' | therefore estimate equations (1) and (2) usieegal methods of moments (GMM)

estimation.

3. Data description and sample characteristics
3.1. Sample construction

This paper follows the sample selection of BFP @08&s closely as possible in order to
obtain comparable results. BFP (2009) restrictrthaalysis to high-tech firms. They base

their definition of high technology sectors on gae by the United States Commerce

! See Bond (2002) and Roodman (2006, 2008) for ifesurs of the estimation of dynamic panel datss set

regarding OLS, within, and GMM estimation.



Department on U.S. competitiveness in high tectmofoAerospace manufacturing is
excluded from the high-tech sectors since its R&véies are largely supported by the
government, which is also the case for Europeanspace manufacturing. The high-tech
sectors are: drugs (SIC 283), office and compuf(BlC 357), communications equipment
(SIC 366), electronic components (SIC 367), sdientnstruments (SIC 382), medical

instruments (SIC 384), and software (SIC 737).

The sample of this paper is constructed from tlhmmg@ustat Global database. The
countries included in the sample are: Belgium, DammnFinland, France, Germany, the
Netherlands, Norway, Sweden, Switzerland, and thiged Kingdom. A firm is considered to
belong to a certain country based on its “countrinoorporation” in the Compustat Global
database. The sample covers 1995-2004, compaieR@ (2009) sample period of 1990 to
2004. | exclude firms outside the seven high tetdgy sectors and also high-tech firms
which have no R&D expenditure during the sampleigoer Following these screening
criteria, Compustat Global has data of roughly 7R&D reporting high-tech firms
incorporated in the 10 countries mentioned abo®6. & those are incorporated in the U.K.,
which constitute about 40 percent of the sampfarther exclude firms if their sum of cash
flow to assets ratio is negative, in line with BE®09). Firms with negative sums of cash
flow to assets are generally outliers. Conducting additional screen makes my results more

comparable to BFP’s (2009).

BFP (2009) divide their sample into “young” anddtare” firms. Their definitions of
“young” and “mature” are based on the number ofryesnce the firm’s stock price first
appears in Compustat North America. A firm is dliéess as “young” within the first 15 years

after its first appearance in the database angifilss as “mature” thereafter. | try to emulate

2 See BFP (2009, p. 163, footnote 8).



this procedure as much as possible. Since | onhg kdata for 1995 to 2004 | classify a firm
as “new” if it had its IPO after the first year thle sample period, i.e. the IPO took place after

1995. A firm is classified as “old” if it is covenlen the sample in 1995.

All variables are scaled by beginning of the periotal assets and the key ratios are then
trimmed at the one percent level for outliers. Vhgables used in the empirical analysis are

described in the appendix.

3.2. Descriptive statistics

Due to the vastly different financial systems oé tb.K. and the other nine European
countries | examine the U.K. separately. | refeth® remaining nine European countries as

the Continental European sample.

[Figure 1 about here]

In figure 1 R&D to total assets are presented fdf.lUhigh-tech firms in the top graph and
for Continental European firms in the bottom graputh graphs display heterogeneity
regarding new and old firms. The new firms appeaditverge from the old firms for both

samples in 1998. The pattern looks similar for bibin U.K. and the Continental European
sample, however the new, U.K., high-tech firms peakabout 0.200 compared to their
Continental European counterparts of 0.160. Theldgwment of old, high-tech firms’ R&D

to assets is virtually flat and somewhat declintdhging the sample period for both sub-
samples. New, U.K., high-tech firms recorded R&Mas of 0.188, 0.207 and 0.197 from

1998-2000 compared to 0.103, 0.155 and 0.159 far ontinental European counterparts.



So, even though the graphs in figure 1 appear aintihe size of the R&D ratios for new,

U.K. and, Continental European, high-tech firmdead.

[Figure 2 about here]

The U.K., high-tech sample does not display muderbgeneity in the cash flow variable.
Both old and new, U.K., high-tech firms experienc@dooom in internal equity at the
beginning of the sample period and a subsequetinddowards the end. In the continental
European sample, new, high-tech firms experiencedeain cash flow starting from 1996,
which then fell back to its 1995 level in 2001 dhgyithe recession. Old, Continental
European, high-tech firms, on the other hand, anmdyfconsistent around 0.200 besides a

small dip in connection to the recession at therbvegg of the 2000s.

[Figure 3 about here]

Due to the stock price increases of the late 19®@s supply of external equity also
experienced an upward shift. Both U.K. and Contiae&uropean, new, high-tech firms
experienced a boom in net stock issuance normabyeassets from 1998-2000. The U.K.
firms’ peak was in 2000 at 1.031 compared to 0.i@3Continental European, high-tech
firms. The external equity ratios plummeted in 2@@llowing the bust of the IT-bubble. For
new, Continental European firms the drop was fro@®8 to 0.092. The drop for new, U.K.
firms was also significant, from the peak of 1.0810.413. Old, high-tech firms did not
experience similar supply shifts. The external gquatio for Continental European, high-

tech firms, new as well as old, remained near frerm 2001 and onwards.



[Table 1 and 2 about here]

The development of R&D, cash flow and net stockasge (normalized by beginning of the
period total assets) for both samples resembles tob& place in the U.S. during the same
period. Table 1 contains descriptive statisticstha U.K., high-tech sample and table 2 for
the Continental European sample. The peak yea88-2000, of net stock issuance are well
above the overall average for both the U.K. and Goatinental European samples. The
average net stock issuance of new, U.K. firms 38®.compared to 1.031 in 1999. In both
tables 1 and 2 there is heterogeneity betweendieand old sub-samples. There are some
noteworthy similarities and dissimilarities fromngparing the European results to BFP’s
(2009) U.S. sampl&ln the U.K. sample the R&D intensity reported igually identical to
that of the U.S., high-tech sample. Young, U.Sghkech firms had an R&D to assets
average of 0.194 and mature firms had a 0.098 geeta the U.K. this average is 0.194 for
the new firms and 0.094 for the old firms. The Quental European, high-tech firms are less
R&D intensive, but they display the same type ofelwgeneity in terms of new and old
firms. New, Continental European high-tech firmgl lem R&D intensity of 0.136 and old
firms an intensity of 0.077. In terms of cash flavew, U.K. firms’ average is higher than for
old firms, 0.215 compared to 0.179, again almosnhidally to the U.S. sample in BFP
(2009). The Continental European sample has asegguattern with a higher ratio for the
old firm sub-sample. U.K., high-tech firms diffem terms of external equity dependence
compared to U.S. firms. The new U.K. sample displhigh external equity dependence,
similarly to young, U.S. firms. However, old, U.Kigh-tech firms are also external equity
dependent, albeit much less so than their newdomnterparts. In BFP’s (2009) U.S. sample,

the mature firms make use of very little exterrgigy. The Continental European, high-tech

% See BFP (2009, p. 166: table I)



firms resemble the U.S. more in terms of extermplity use. Old, Continental European,
high-tech firms have a net stock ratio as low aat thf the U.S., mature firms. New,

Continental European, high-tech firms on the otierd have a net stock ratio of 0.220. This
ratio for new, U.K., high-tech firms is 0.333 amt {oung, U.S. firms is 0.268.

The graphical and descriptive analysis shows thaw, high-tech firms in Europe
experienced a supply shift in equity finance whadincided with a rise in R&D intensity
during the late 1990s and a subsequent declinguityesupply and R&D intensity in the
early 2000s. New, U.K., high-tech firms appear &vénexperienced a greater equity supply
shift and subsequent increase in R&D intensity thian, Continental European firms. This is

formally examined in the Econometric results sectio

4. Econometric results

This section presents one-step systems GMM estaradtelynamic Euler equation models.
BFP (2009) use one-step first difference GMM indtdgorefer the systems GMM approach
since the orthogonal transformation preserves sarmsigk if there are gaps in the data and
allows more instruments to be used which improwesprecision of the estimates. Arellano
and Bond (1991) suggest using one-step GMM siniseléiss plagued with finite sample bias
compared to the two-step estimates. The main seauvdt instrumented with t-3 and t-4 level
values for the differenced equation and t-2 lagdifigrences for the level equation which
allows the error structure to be an MA-(1) procéssvaluate the instruments’ validity with
AR-(1) and AR-(2) tests testing the null hypothesfsno serial autocorrelation and the
Hansen and Sargan tests which are chi squarebdistd under the null hypothesis of

exogenous instruments.
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4.1. Pooled sample results

Columns 1 and 2 of table 3 contain the BaselineefEgktimates for the pooled samples
comprising all U.K., high-tech firms and all Cordimtal European, high-tech firms

respectively.

[Table 3 about here]

The U.K. sample has lagged R&D estimates corrobmgydhe baseline Euler model, around
positive 1 for the lagged R&D variable and arouegative 1 for the lagged quadratic R&D
variable. However, the required negative laggedh ¢lasv estimate is neither present for the
U.K. nor the Continental European pooled sample.déoh sub-samples there is first order
serial autocorrelation but the AR (2)-test canreécat the null hypothesis of second order

serial autocorrelation.

The augmented Euler equation model is applied dth lsamples and the results are
presented in columns 3 and 4 of table 3. The podl&d results are very similar to the U.S.
results in BFP (2009). There are jointly signifit@ash flow and external equity effects at
below 1 percent. The size of the contemporaneaosis ftaw and net stock issuance estimates
are similar to the U.S. results of BFP (2009). poeled Continental European sample does

not display any external equity effect. Next | sfiie sample on new and old firms.

4.2. New and old firm estimates
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[Table 4 about here]

In table 4 the estimates of old, U.K. and old, @uettal European, high-tech firms are
presented in columns 1 and 2. There are less fialavariable correlations when examining
the old, high-tech firms individually, in line witie evidence from figures 1-3. The old firm
samples are close to the target values of positifier lagged R&D and negative 1 for lagged
guadratic R&D, especially the old, Continental Epgan sample. The Continental European,

old, high-tech firms have a jointly significant re#ock effect, but it is negative.

Estimates for the new, high-tech firms are congpile columns 3 and 4 of table 4. The
new, Continental European, sample rejects the in@sEuler equation model mostly due to
the small size of especially the lagged quadragi©Rariables, falling from -0.668 to -0.144.
The lagged R&D variables are qualitatively unchahfg the new, U.K., high-tech sample
but this sample displays clear financial effectsndtely rejecting the baseline Euler equation
model. The financial variable estimates for newghkiech firms corroborate the graphical
evidence of figures 1-3. The joint cash flow efféot new, U.K., high-tech firms is not
significant at conventional levels, but it is sigrant at below 10 percent. The new,
Continental European high-tech firms on the otlardchdisplay a significant joint cash flow
effect. In terms of external equity, new, U.K., inggch firms display a clearly significant
relationship with R&D to assets. New, Continentar@&pean, high-tech firms do not share
this relationship. A finding which is highly plaibée due to the different financial systems of

the U.K. and the U.S. compared to Continental Eeaopcountries.

4.3. Robustness

12



[Table 5 about here]

| have conducted a number of alternative samplésgmieviously used in the literature to test
the robustness of the results of section 4.2. let® the sample is split at the median of
average employment. Firms at or below the mediaavefage employment are considered
small and firms above the median are considergm lG@mongst others: Gertler and Hubbard,
1989; Kim et al., 1998; Almeida et al., 2004; ugenfsize as proxy for external finance
access). For the Continental European sample mses if some of the firms classified as
new are also large firms since the joint cash festimate is significant for large firms and
not for small firms. Otherwise, this split corrobtes the new/old sample split reasonably
well. This split actually appears to provide a okfasplit of the sample. Both the U.K. and
Continental European, large firm sample corrobotta¢einitial Euler equation model without
financial variables. Both lagged R&D and laggeddratic R&D meet their target values.
Neither cash flow nor external equity is jointhgsificant for large, U.K., high-tech firms
which imply less binding financing constraints. §@r continental European firms on the
other hand display R&D investment-cash flow sewisyti both contemporaneously and
jointly. The small firm samples for both the U.KndaContinental Europe reject the null
hypothesis in terms of not meeting the target \&lokethe baseline Euler equation model.
Especially the U.K., small, high-tech firm samplispiiays large financial variable effects

corroborating the new firm split in section 4.2.

The sample is also split based on whether the ffimgs dividend or not (e.g. Fazzari et al.,
1988; Hubbard et al., 1995; Gilchrist and Himmeiher995) and whether the firm is above

or below the median of average cash flow volati{gyg. Bates et al., 2008). Firms which do
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not pay dividend and are above the median of agecagh flow volatility are considered
more likely to be financially constrained. The mggion results following these two
additional splits supply similar evidence as thealitharge split in table 5. Non-dividend
paying firms and firms with above the median caklwfvolatility display joint equity

dependence for U.K., high-tech firms but not fom@eental European, high-tech firms, also

in line with the new firm estimates in table 4.

[Table 6 about here]

In table 6 | present additional GMM-estimators agher robustness of the pooled U.K. and
Continental European results for the Euler equatimael with financial variables originally
estimated with one-step systems GMM in table 3.-&gp first difference GMM estimates
are presented in columns 1 and 3 of table 6. Eifétrence GMM is mentioned in the
literature to suffer from a weak instrument probldoe to the fact that it is only possible to
use lagged level values as instruments which léadsprecise estimates (Mairesse et al.,
1999; Allonso-Borrego and Arellano, 1999). Thetfugference GMM estimates are clearly
generating less precise estimates for the U.K. Banfoth joint effects are no longer
significant. The contemporaneous effects are atsaller in magnitude as well as having
larger standard errors. The Continental Europearpkais less obviously affected by the first
difference  GMM-estimator. The two-step systems GM8fimator with Windmeijer
corrected standard errors, presented in columngl2laf table 6, are very close to the one-
step estimates of table 3. Considering alterndfigdengths of the original one-step systems

GMM estimates does not affect the results very much
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The results obtained in this section with one-stgiems GMM appear to be robust to the

choice of GMM-estimator and lag length of the instents.

5. Summary and implications

| estimate dynamic Euler equation models for U.Kd a&ontinental European, high-tech
firms separately. | find that new, U.K., high-teihms experienced a supply shift in both
internal and external equity during the late 19®@8sch enabled them to invest more in R&D
resulting in increasing R&D intensities. New, Caoetital European, high-tech firms only
experienced a supply shift in cash flow and noexternal equity resulting in lower R&D

intensities than for their U.K. counterparts. Batle U.K. and Continental European, high-
tech firms experienced increasing equity ratios R&D ratios during the booming economy
of the late 1990s but U.K., high-tech firms hadheaig ratios in terms of both net raised

external equity to assets and R&D to assets thamii@mtal European, high-tech firms.

The U.K. regression results are very similar td?PBH2009) findings for the U.S. Brown
and Petersen (2009) argue that equity market ingonewts have enabled young, U.S. firms
to raise their share of R&D out of total investmdating the period 1970-2006. A plausible
explanation for the lacking external equity effémt Continental European countries is that

their equity markets are less developed than irutlse and U.K.

The findings of this paper open avenues for fut@search. The financing of R&D is
potentially a link through which financial developnt affects economic growth. The
findings here suggest that a market based finasgistem supplies public equity to R&D

intensive firms otherwise facing difficulties obtaig external finance. By improving the
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depth of their equity markets, Continental Europeaantries may very well facilitate the

financing of high-tech firm R&D and fuel economimwth by relaxing financing constraints.

Appendix: The variables and their Compustat Globalabbreviations

rd;. Research and development expenditure in peridRD) normalized by beginning of

the period book value of total assets (AT).

Y:: Net sales in period t (SALE) normalized by begmngnof the period book value of total

assets (AT).

CF,: Gross cash flow in period t normalized by begngnof the period book value of total
assets (AT). Gross cash flow is defined as afteririaome before extraordinary items (IB)

plus depreciation and amortization (DP) plus redeand development expenditure (XRD).

stk;: Net cash raised from stock issues normalizeddgynming of the period book value of
total assets (AT). Net cash from stock issues ime@ as the sale of common and preferred

stock (SSTK) minus the purchase of common and pesfestock (PRSTK).

dbt;: New long-term debt (DLTT) in period t normalizég beginning of the period book
value of total assets (AT). New long-term debta$irted as the difference between long-term

debt in period t and long-term debt in period t-1.
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Figure 1 — Average R&D to total assets ratios forId, and new, U.K., high-tech firms (top graph) and
Continental European, high-tech firms (bottom grap!).

R&D scaled by beginning of the period total assetsU.K., high-tech firms in the upper graph and @uerital European,
high-tech firms in the bottom graph. The full lirepresents new, high-tech firms (a firm is congidanew if it had its IPO
after 1995), and the dashed line represents otgh-teich firms (a firm present at the beginning feé sample period is
considered old).
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Figure 2 — Average Cash flow to total assets ratidsr old, and new, U.K., high-tech firms (top graph and
Continental European, high-tech firms (bottom grap!).

Cash flow scaled by beginning of the period totalets for U.K., high-tech firms in the upper grapid e&Continental
European, high-tech firms in the bottom graph. Tthkeline represents new, high-tech firms (a firmmdonsidered new if it
had its IPO after 1995), and the dashed line reptesold, high-tech firms (a firm present at thgibering of the sample
period is considered old).
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Figure 3 — Average net stock issuance to total assdor old, and new, U.K., high-tech firms (top grah)
and Continental European, high-tech firms (bottom gaph).

Net stock issuance scaled by beginning of the gedtal assets for U.K., high-tech firms in the epgraph and Continental
European, high-tech firms in the bottom graph. Tthkeline represents new, high-tech firms (a firmmdonsidered new if it
had its IPO after 1995), and the dashed line reptesold, high-tech firms (a firm present at thgibeing of the sample
period is considered old).
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Table 1 — Sample descriptive statistics for U.K.,igh-tech firms

Sample descriptive statistics for all U.K., higlehdirms in column 1 (the sectors considered hegtihhology are SIC: 283,
357, 366, 367, 382, 384, and 737), for new, U.ighkech firms in column 2 (a firm is consideredwiéit had its IPO after
1995), and old, U.K., high-tech firms in columna3fifm present at the beginning of the sample peisaonsidered old).

Variable and All U.K. firms New firms Old firms
Statistic

rd;

Mean 0.170 0.194 0.094
25 0.061 0.069 0.045
Median 0.111 0.131 0.080
75" 0.210 0.235 0.114
SD 0.192 0.212 0.067
CF,

Mean 0.207 0.215 0.179
25 0.076 0.065 0.100
Median 0.181 0.186 0.175
75" 0.327 0.353 0.278
SD 0.238 0.256 0.160
Mean 0.290 0.333 0.119
25" 0.000 0.000 0.000
Median 0.003 0.003 0.002
75 0.094 0.156 0.011
SD 1.035 1.136 0.426
Y,

Mean 1.261 1.293 1.134
25" 0.677 0.665 0.729
M%f:lian 1.143 1.160 1.029
75 1.562 1.588 1.474
SD 1.005 1.085 0.577
dbt,

Mean 0.081 0.080 0.088
25" 0.000 0.000 0.000
Median 0.009 0.007 0.016
75 0.076 0.074 0.094
SD 0.175 0.171 0.187
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Table 2 — Sample descriptive statistics for Contingal European, high-tech firms

Sample descriptive statistics for all Continentalrdpean, high-tech firms in column 1 (the sectorssatered high
technology are SIC: 283, 357, 366, 367, 382, 38d,78Y), for new, Continental European, high-tectngiin column 2 (a
firm is considered new if it had its IPO after 1998nd old, Continental European, high-tech firmscolumn 3 (a firm
present at the beginning of the sample periodnsidered old).

Variable and All Continental New firms Old firms
Statistic European firms

rd;

Mean 0.125 0.136 0.077
25 0.048 0.053 0.042
Median 0.089 0.101 0.067
75" 0.158 0.169 0.096
SD 0.135 0.146 0.048
CF,

Mean 0.182 0.179 0.196
25 0.078 0.066 0.121
Median 0.167 0.160 0.182
75" 0.269 0.272 0.261
SD 0.195 0.208 0.125
Stk,

Mean 0.185 0.220 0.025
25 0.000 0.000 0.000
Median 0.000 0.000 0.000
75" 0.019 0.034 0.004
SD 0.809 0.887 0.104
Y,

Mean 1.221 1.195 1.334
25" 0.763 0.689 1.001
Median 1.104 1.051 1.289
75 1.488 1.464 1.561
SD 0.899 0.963 0.520
dbt,

Mean 0.110 0.106 0.126
25" 0.005 0.003 0.027
Median 0.060 0.050 0.111
75 0.155 0.146 0.184
SD 0.153 0.159 0.119
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Table 3 — Dynamic R&D regressions: The baseline aralugmented Euler equation model

Dynamic R&D regressions on the U.K., high-tech sanfpblumns 1 and 3) and the Continental Europegh;tech sample
(columns 2 and 4) are estimated with one-step syst@MM. Columns 1 and 2 are estimates from runrtiegbaseline Euler
equation model assuming no financing constraints @iumns 3 and 4 are estimates from running tlienaanted Euler
equation model with financial variables testingfioancing constraints.

Dep. Variable: Baseline Euler: Baseline Euler: Euler w financial  Euler w financial
rd; U.K. firms Continental variables: U.K. variables:
European firms firms Continental

European firms

rd;_4 1.437*xx 1.056%** 1.142 %+ 0.652x*
(0.321) (0.308) (0.181) (0.159)
rdf_1 -0.840#** -0.373+ -0.597 #** -0.124+
(0.214) (0.213) (0.107) (0.070)
Y, 0.016 0.041
(0.032) (0.029)
Yi 1 -0.076** -0.029+ -0.072* -0.047**
(0.039) (0.016) (0.039) (0.023)
CF; 0.132 0.159%*
(0.082) (0.069)
CF;_4 0.029 0.015 0.074#+ -0.050
(0.098) (0.038) (0.010) (0.041)
stk; 0.194 #+ -0.019
(0.045) (0.058)
stk;_4 -0.046%x+* 0.014
(0.018) (0.033)
Observations 367 900 352 825
Instruments 87 87 87 87
CF Chi2 (p-value) 0.001 0.062
Stk Chi2 (p-value) 0.002 0.904
AR(1) 0.014 0.003 0.015 0.001
AR(2) 0.272 0.529 0.754 0.962
Hansen 0.578 0.450 0.635 0.186
Sargan 0.000 0.002 0.000 0.191

Note: All regressions are performed including time duesni

Heteroskedasticity robust standard errors in phesig. ***, ** * indicate significance at 1, 5, dri0 percent respectively.
One step systems GMM estimates.

Instruments differenced equation are lagged ledaded t-3 to t-4 and instruments level equationagged differences dated
t-2.

The Chi2 tests are tests of the null that the suouoEnt and lagged cash flow and net stock is®ieggpectively is zero.
The AR-tests are asymptotically normally distriltlitender the null hypothesis of no serial autocatieh.

The Hansen and Sargan tests are chi-square dietfibnder the null of exogenous instruments.

24



Table 4 — Dynamic R&D regressions for separate newnd old-firm samples

Dynamic R&D regressions on the U.K., high-tech sanga@parated into old firms (column 1) and new fifodumn 3) and
the Continental European, high-tech sample sepanatedld firms (column 2) and new firms (column Zhe regressions
are estimated with one-step systems GMM. A firmspne at the beginning of the sample period is c=med old and a firm
is considered new if it had its IPO after 1995.

Dep. Variable: Old U.K. firms Old Continental New U.K. firms New Continental
rd; European firms European firms
rd;_4 1.022%x* 0.950**+ 1.195#x+ 0.671+*x
(0.093) (0.225) (0.195) (0.166)
rd,?_1 -0.475 -0.668 -0.621#** -0.144+
(0.417) (1.009) (0.115) (0.074)
Y, 0.04 3%+ 0.037**+ 0.034 0.038
(0.009) (0.010) (0.032) (0.031)
) -0.048x*** -0.038x*** -0.071** -0.051#*
(0.008) (0.010) (0.039) (0.026)
CF; 0.008 0.064~ 0.142+ 0.157+*+
(0.012) (0.034) (0.073) (0.071)
CF;_4 0.002 -0.021 0.037 -0.019
(0.016) (0.030) (0.083) (0.038)
stk; 0.046%++ -0.068*** 0.194#*x -0.004
(0.012) (0.024) (0.045) (0.060)
stk;_4 -0.048*x* -0.025+ -0.044+* 0.019
(0.016) (0.013) (0.019) (0.035)
Observations 85 148 267 677
Instruments 81 87 84 87
CF Chi2 (p-value) 0.548 0.131 0.058 0.037
Stk Chi2 (p-value) 0.845 0.000 0.001 0.728
AR(1) 0.021 0.017 0.013 0.002
AR(2) 0.423 0.123 0.531 0.939
Hansen 1.000 1.000 0.993 0.522
Sargan 0.052 0.000 0.000 0.350

Note: All regressions are performed including time duesni

Heteroskedasticity robust standard errors in phesig. ***, ** * indicate significance at 1, 5, dri0 percent respectively.
One step systems GMM estimates.

Instruments differenced equation are lagged ledaisd t-3 to t-4 and instruments level equatioragged differences dated
t-2.

The Chi2 tests are tests of the null that the suouoEnt and lagged cash flow and net stock issieggpectively is zero.
The AR-tests are asymptotically normally distriltlitender the null hypothesis of no serial autocatieh.

The Hansen and Sargan tests are chi-square dtetlibnder the null of exogenous instruments.
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Table 5 — Dynamic R&D regressions for separate smaland large-firm samples

Dynamic R&D regressions on the U.K., high-tech sang@parated into large firms (column 1) and sniais (column 3)
and the Continental European, high-tech sample aggghinto large firms (column 2) and small firmsl@mmn 4). The
regressions are estimated with one-step systems GRMNIrm is considered large if it is above the naed average
employment during the sample period and subsequentisidered small if it is at or below the median.

Dep. Variable: Large U.K. firms  Large Continental Small U.K. firms  Small Continental
rd; European firms European firms
rd;_4 1.146%** 1.147%xx 1.100#x+ 0.745%+
(0.260) (0.113) (0.155) (0.183)
rd,?_1 -1.069* -1.028x*** -0.539#** -0.189**
(0.556) (0.336) (0.101) (0.083)
Y, 0.046* 0.013 -0.043 0.032
(0.024) (0.019) (0.055) (0.030)
) -0.045#* -0.027 -0.033 -0.047+
(0.021) (0.017) (0.040) (0.026)
CF; 0.091*+ 0.156%*+ 0.242%*x 0.113+
(0.041) (0.047) (0.065) (0.061)
CF;_4 -0.031 0.084~ 0.023 -0.045
(0.040) (0.049) (0.088) (0.039)
stk; 0.004 0.070+ 0.200%**+ 0.069
(0.022) (0.047) (0.035) (0.047)
stk;_4 -0.006 -0.017** -0.072%** 0.015
(0.014) (0.008) (0.023) (0.033)
Observations 186 536 166 289
Instruments 87 87 77 76
CF Chi2 (p-value) 0.152 0.007 0.000 0.307
Stk Chi2 (p-value) 0.959 0.114 0.005 0.108
AR(1) 0.128 0.000 0.253 0.002
AR(2) 0.062 0.623 0.522 0.197
Hansen 1.000 0.312 1.000 0.863
Sargan 0.999 0.212 0.002 0.391

Note: All regressions are performed including time duesni

Heteroskedasticity robust standard errors in phesig. ***, ** * indicate significance at 1, 5, dri0 percent respectively.
One step systems GMM estimates.

Instruments differenced equation are lagged ledaisd t-3 to t-4 and instruments level equatioragged differences dated
t-2.

The Chi2 tests are tests of the null that the suouoEnt and lagged cash flow and net stock issieggpectively is zero.
The AR-tests are asymptotically normally distriltlitender the null hypothesis of no serial autocatieh.

The Hansen and Sargan tests are chi-square dtetlibnder the null of exogenous instruments.
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Table 6 — Dynamic R&D regressions for the pooled saples: Robustness

Dynamic R&D regressions corresponding to the oep-systems GMM results in table 3 on the Euler gguanodel with
financial variables (Columns 3 and 4) are estimatét one-step first difference GMM and two-steptsyss GMM. The
two-step systems GMM results are estimated withdiieijer corrected standard errors.

Dep. Variable: U.K. firms: U.K. firms: Continental Continental
rd; First Difference Two-step systems  European firms: European firms:
GMM GMM First Difference Two-step systems
GMM GMM
rd;_4 1.136%** 1.147%xx 0.61 1+ 0.708**+
(0.202) (0.174) (0.157) (0.150)
rdf_1 -0.550%** -0.592*** -0.101 -0.157**
(0.110) (0.106) (0.069) (0.073)
Y, 0.007 0.012 0.037 0.042
(0.038) (0.033) (0.028) (0.027)
Yi 1 -0.052 -0.069+ -0.048+~ -0.047**
(0.033) (0.039) (0.023) (0.021)
CF; 0.117 0.142 0.135%*x 0.148++
(0.081) (0.088) (0.068) (0.065)
CF;_4 0.024 0.066 -0.004 -0.050
(0.094) (0.091) (0.037) (0.037)
stk; 0.173#x= 0.192#xx -0.011 -0.022
(0.056) (0.044) (0.053) (0.077)
stk;_4 -0.065%** -0.046*** 0.023 0.011
(0.022) (0.017) (0.032) (0.035)
Observations 352 352 825 825
Instruments 87 87 87 87
CF Chi2 (p-value) 0.107 0.007 0.038 0.137
Stk Chi2 (p-value) 0.075 0.001 0.775 0.837
AR(1) 0.000 0.051 0.003 0.002
AR(2) 0.782 0.755 0.886 0.846
Hansen 0.782 0.635 0.278 0.186
Sargan 0.000 0.000 0.094 0.191

Note: All regressions are performed including time duesni
Heteroskedasticity robust standard errors in phesig. ***, ** * indicate significance at 1, 5, dri0 percent respectively.
One step first difference GMM estimates in colurtirend 3, and two-step Windmeijer corrected systéivi$/ estimates in

columns 2 and 4.

Instruments differenced equation are lagged ledaded t-3 to t-4 and instruments level equationagged differences dated

t-2.

The Chi2 tests are tests of the null that the suouoent and lagged cash flow and net stock issueggpectively is zero.
The AR-tests are asymptotically normally distrilsltender the null hypothesis of no serial autocatieh.

The Hansen and Sargan tests are chi-square dtetlibnder the null of exogenous instruments.
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