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ABSTRACT

We provide robust empirical evidence of conditional cogeeice in corporate in-
vestments among US firms. Small firms have significantly higheestment rates than
large firms even after controlling for standard empiricalxies of firm investment op-
portunities and financial status, such as Tobin’s Q and caghrfieasures. The inclu-
sion of a firm’s initial size in a traditional Tobin'® investment regression is at least as
economically and statistically important as the inclusaircash flow measures in ex-
plaining corporate investment dynamics. This finding isugiio measurement errors,
sample selection, nonlinear specifications of the investregression, different estima-
tion horizons, and different proxies of investment oppoittas and financial status. We
also document convergence in corporate investments im otlumtries around the world.
Accounting for the size dependence in standard empiriegistment specifications sub-
stantially improves the explanatory power of corporateatnents dynamics. Moreover,
the empirical evidence suggests that firm size improves thasarement of firms’ true
investment opportunity set rather than reflecting diffeeenin firms’ financial constraints.
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| Introduction

In this paper we examine the growth dynamics of firms. In paldir, we provide an empirical

investigation of the relationship between firm size and stment rates. An important ques-
tion in the industrial organization and investment litaratis whether small firms grow faster
than large firms. More importantly, whether there is anytreteship between investment
and size even after accounting for differences in trad#ioneasures of a firm’'s investment
opportunities and/or financial status. These questionsartal to understanding the invest-
ment dynamics at the firm level and have implications for aggte investment and economic
growth. However, the role of firm size in growth dynamics has yet received much at-

tention in the corporate investment literature, where thgatle on interpretation of cash flow

sensitivities has taken center stage for the past few decade

Using a sample of publicly traded firms in the United Statesvben 1962 to 2006, we
find that small firms grow significantly faster than large firmi$e investment rate of firms
in the bottom decile of the size distribution in the Unitec@t8s averages about 45.3% per
annum, and is about 2.3 times that of firms in the top size eedihis finding, which we
refer to asunconditional convergence, is well-known in the empirical industrialamgation
literature as a violation of Gibrat’s Law (1939), and at fgktnce not surprising in light of the
existing models of firm growth and corporate investmentsesgsmall firms on average have

larger values of Tobin'S).

There are various reasons that may explain such an inversdlgsize relation. For in-
stance, firm size may be proxying for a firm’s future investtregsportunities and/or finan-
cial status that is not captured by the usual proxy varialiEsvever, that small firms grow
faster than large firms even after accounting for heterageimgheir investment opportunities
and/or financial status is rather interesting in the condéstandard investment models. We

unveil evidence otonditional convergence in corporate investment rates: a firm’s investm
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rate is inversely related to its size (as measured by itsbayy-of-period capital) even after
controlling for factors known to affect a firm’s optimal irstenent policy such as Tobin®

and cash flow measures, among others.

The evidence of conditional convergence is both stati$yiemd economically meaning-
ful. In all cases and samples, the coefficient estimatesigméisant at the one percent level.
In economic terms, our baseline results suggest that atandad deviation increase in a
firm size above its average value leads to a 10.9% investradattion relative to its average
investment rate. For comparison, a one-standard deviatmease in Tobin's) above its
average value leads to a 3.8% investment increase relafitgedverage investment rate, and a
one standard deviation increase in cash flow above its a@@adge leads to a 4.7% investment
increase relative to its average investment rate. Thustbromic relevance of variation in
firm size is at least as important as that in Tobi@'and cash flow rates. We also find that the
inclusion of firm size to traditional Tobin’®/cash flow investment regressions significantly
increases the explanatory power. In addition, we find that &icluding firm size as a control
variable in investment regressions, the well-known negatlationship between investment
rates and leverage disappears. To the best of our knowleuus,of the existing models in
the literature allow no explicit role for the size dependeance controlling for Tobin'® and

cash flows.

The finding ofconditional convergence is robust to choice of empirical proxies of stwe
ment opportunities and financial status, different lagaitnees, time periods, sample selection,
nonlinear specifications of the investment regression,aedsurement errors. We also find
that the relationship between firm size and investment iemasust to possible measurement
errors in the proxies for investment opportunities thamesrelationship between investment
and cash flows. We further provide out-of-sample evidencerbploying corporate invest-

ment data from several countries outside of the United State each of the countries we



examine, we find a strong, negative relationship betweembiy-of-period capital and in-

vestment rates.

We investigate whether there is any relationship betweemated rates of convergence
and a firms financial status, as measured by the two most pemtnampirical measures,
namely the Kaplan-Zingales (1997) and Whited-Wu (2006gxes. We further investigate
whether firm size is capturing some aspects of a firm’s trudsewable investment opportu-
nity set or financial status. The empirical evidence suggestrelation between conditional
convergence and a firm’s financial status. Hence, the hypisttieat firm-level conditional
convergence is capturing some aspect of a firm’s investmgmartunity set that is not cap-
tured by the standard empirical proxies, namely averagenBo@ and cash flow, seems more

plausible.

It is well known that under the standard Hayashi (1982) cioon of linear homogeneity
in a firm’s profit function, average Tobin@ is identical to margina@). More generally, Abel
and Eberly (1994) show that homogeneity of a firm’s profit of degree in investment and
capital makes Tobin'€ proportional to marginaQ and hence a sufficient statistic for firm
investment decisions. Various violations of this condhtiocluding among others investment
irreversibility, pure fixed costs, and time-to-build mayeéra wedge between the “observable”
averageQ and the unobservable margir@] thus, leading to an omitted variables problem in
empirical specifications of investment. In this context; badings suggest that conditional
convergence may be capturing some aspects of a firm’s dewgeashnological returns-to-
scale. We then investigate whether there is any relatipniseiween the estimated rate of
convergence and the degree of technological returnsatie-st capital. According to a neo-
classical model of growth (Solow (1956)) and the convergditerature in macroeconomics
(Barro and Sala-i-Martin (1992) and Sala-i-Martin (199%)yong others), the degree of con-

vergence should be negatively related to the degree of tdatpical returns-to-scale in capital.



The empirical evidence at the industry level documents Xistence of such a negative rela-
tionship. Hence, our findings suggest that firm size improlvesneasurement of a firms true

investment opportunity set.

This finding has several implications. First, given the gubty of mis-specification of the
standard investment regression model, the empirical eeelsuggests that there is a role for
firm size in explaining the observed investment behaviorofdj both in the cross-section and
over time. Indeed, accounting for the size dependence istdredard empirical investment
specification substantially improves the explanatory paeorporate investments dynamics.
Second, the existence of convergence in corporate invessni@s important implications
for economic growth and development. Building on the firmelezonditional convergence,
Gala and Julio (2010) identify the cross-sectional digpars firm size as being particularly
relevant to explain aggregate investment dynamics alotigtive traditional aggregate Tobin’s
Q and cash-flows. Beck, Demirguc-Kunt, Laeven and Levine4288ow that firm size plays
a significant role in the transmission of financial developtte economic growth. Indeed,
many policy changes and stimulus packages rest on the assantipat small firms play a

special role in economic growth

This paper contributes to the large literature on corparatestment. The main theoret-
ical work on the theory of investment is in Tobin (1969), Hslya(1982), Abel and Eberly
(2002), Gomes (2001) and Hennessy (2004), among othersh Bluthe recent theoretical
and empirical work in corporate investment has focused errale of cash flow and finan-
cial constraints in investment. Empirical evidence fongson the importance of cash flow
measures in traditional Tobin@ investment regressions are in Fazzari, Hubbard and Peterse
(1988), Whited (1992), Gilchrist and Himmelberg (1995) pkan and Zingales (1997, 2000),

Cleary (1999). Erickson and Whited (2000) emphasize how fla® sensitivities can be due

1A recent example is President Obama’s small business jdb@B 5297), which was signed into law in
September 2010. The package was intended to boost emplogmegrowth in the wake of the financial crisis
and subsequent recession.



to measurement error in TobirG In these studies, firm size is employed as a sorting variable
rather than as an explicit control. Lang, Ofek and Stulz @)98vestigate the role of leverage

in corporate investment, showing a negative relationskigvben growth and leverage. The
Tobin’s Q/cash flow regression specification has been employed in ip@pgrs in corporate
finance. Some recent examples include the examination aéffeets of pension liabilities
(Rauh (2006)), changes in investment around corporateddfsr{Colak and Whited (2007)),
and the efficiency of internal capital markets (Ozbas anda8stein (2010)). Stein (2003)

provides a detailed survey of the theoretical and empidogborate investment literature.

Firm size is arguably the most common control variable eygdan empirical research.
Firm size is used as a control in capital structure studies/éldimian, Opler and Titman
(2001), Barclay and Smith (1995)), cash holdings (Oplenk&vitz, Stulz and Williamson
(1999)), payout policy (Fama and French (2001)), and marelg@®mpensation (Jensen and
Murphy (1990)), for example. Banz (1981) and Fama and Fréh®B2), among others in
the empirical asset pricing literature, have explored thle of firm size in explaining the
cross-section of expected stock returns. Despite the pdpuand importance of firm size in
these empirical specifications, very little work has beenedmvestigating why firm size is
important in explaining observed corporate behavior. @eemt exception is that of Kurshev
and Strebulaev (2007), who investigate theoretically th&tive cross-sectional relationship
between leverage and firm size. They show that the fixed cbstd¢@rnal financing can give
rise to leverage dynamics that produce a role for firm sizevadage. Others, such as Kumar,

Rajan and Zingales (2004), have also explored potentiatohants of firm size.

Firm size has also played a primary role in the industriahargation literature. Prior stud-
ies focusing on the relationship between firm size and grovette spawned by Gibrat's Law
(1939), the proposition that firm size and growth are inddpen The empirical evidence has

overturned the conclusion of Gibrat’'s Law. Studies by E\@887) and Hall (1987) show that



the growth rate of manufacturing firms and the volatility obwth are negatively associated
with firm size and age. Firm size and age also play an importd@éin characterizing the dy-
namics of job reallocation as documented in Davis, Haltyeanand Schuh (1996), who show
that the rates of job creation and job destruction in U.S. ufeturing firms are decreasing
in firm age and size and that, conditional on the initial s&eall firms grow faster than large
firms. Existing models of the growth of firms explain thesedeas as arising from learning
about the technology or from persistent shocks to the tdoggoExamples that can account
for the dependence of firm dynamics either on size or age amatiuels studied by Jovanovic
(1982), Hopenhayn (1992), Hopenhayn and Rogerson (1928np8ell (1998), and Camp-
bell and Fisher (2000). More recently, Cooley and Quad#a0() introduce financial market
frictions in a basic model of industry dynamics with permsigtshocks to technology and show
how the combination of persistent shocks and financialibmst can account for the simulta-
neous dependence of firm dynamics on size (once one cortragé) and on age (once one
controls for size). We add to this literature by providingpércal evidence of conditional
convergence in corporate investment rates: a firm’s investmate is negatively related to its

size even after controlling for factors known to affect a fe@ptimal investment.

The remainder of this paper proceeds as follows. Sectiontibduces the concepts of
unconditional and conditional convergence and motivdte®mpirical specification. Section
lll describes and summarizes the data employed in the erapainalysis and presents our
main empirical results on the relationship between firm arz& investment rates. Section IV

presents a battery of robustness tests. Section V concludes



Il Convergence

While in the economic literature the concept of convergaadgpically applied to countries
or regions within countries, these same notions of convexge&an generally by applied to
any economic unit. In this section, we adapt these notions/&stigate convergence of firms’
growth within a country. Building upon the existing invesm literature, we focus on corpo-

rate investment rates as measure of a firm’s growth.

1.1 B-Convergence

The notion off3-convergence relates to the mobility of different firms witthe given distri-
bution of firm size. The basic idea @f-convergence, which follows directly from the neo-
classical approach to growth (Barro (1991), Baumol (19B@)ro and Sala-i-Martin (1992),
Mankiw et al. (1992), and Sala-i-Martin (1996), among otharequires a firm’s growth rate to
be positively related to the distance between a firm’s cticapital stock and its own optimal
value. The literature distinguishes two typesfla€onvergence: unconditional (or absolute)

and conditional.

[1.1.1 Unconditional B-Convergence

We say that there is unconditiorfédconvergence if small firms tend to grow faster than large

ones. We employ the following regression to test for uncmaial 3-convergence

lit
Kit-1

= Bo+Balog(Kit-1) +&it, (1)

whereli; is investment in property, plant and equipment for firnm yeart, Ki;_1 is the

beginning-of-year capital stock for firipand logKit—1) is the natural logarithm of a firm’s



capital stock in yeat — 1. Then, we have unconditionlconvergence whefi; < 0. Un-
conditionalB-Convergence at the firm level can also be interpreted asafispéolation of
Gibrat's Law or Law-of-Proportionate Effects - i.e. indepence between a firm’s growth

and its size.

[1.1.2 Conditional 3-Convergence

UnconditionalB-convergence simply requires that small firms grow fasten tlarge ones re-
gardless of differences in the determinants of their ownnogitsize or investment rate. In
fact, unconditionaP-convergence relies on the assumption that the only diffe¥eamong
firms lies in their initial levels of capital. However, firmsaypdiffer in their levels of technol-
ogy, the competitive environment in which they operatajdtire of corporate governance,
access to external financing and other factors affectingrasfioptimal size and investment
rate. The notion of conditionf-convergence accounts for differences in the determirants
a firm’s optimal size and investment rate. If all firms shaeegdhme optimal size, then the two

forms of convergence coincide.

We say that there is condition@convergence if small firms tend to grow faster than large
ones holding constant the optimal size of each firm. We testdoditional3-convergence by
augmenting the regression [d (1) as follows

lit
Kit-1

= Bo+PB1log(Kit—1) +0Xit—1+&it, 2)

whereX; 11 includes variables that proxy for a firm’s optimal size angestment rate. If the
estimate of3; is negative once;_1 is held constant, then we say that the data set exhibits

conditionalf3-convergence.



Il Empirical Results

In this section we describe the data used in the analysishenighéthods for constructing our
various samples. We then conduct formal tests for the poesaficonvergence and investigate

various reasons for why size matters in investment regressi

1.1 Data

We construct three samples of firms for the empirical analyEhe overall or full sample of
firms is taken from the combined annual research, full cayesrand industrial COMPUSTAT
files for the years 1962 to 2006. We omit utilities (SIC 4908949) and financial firms (SIC
6000-6999) from the sample. We keep all firm-years in our rmample that have non-missing
information available to construct the primary variablémterest, namely investment in prop-
erty, plant and equipment, total capital (net propertynpéand equipment), book value of total
assets, market value of assets (book value of assets plusatiet value of common stock
minus the book value of common stock), earnings before esdnaary items, depreciation,
stock price at the fiscal year close, and the number of comimares outstanding. We deflate
capital expenditures and net property, plant and equipimettie deflator for non-residential
investment from the NIPA tables. The remaining data iteresd&flated using the consumer
price index. To ensure that our measure of investment acapthe purchase of property, plant
and equipment, we eliminate any firm-year in which a firm in shenple made a major ac-
quisition. We then trim the ratio variables (investmenesatQ, cash flow rate) at the 1st and
99th percentiles. This procedure yields a sample of 130fit®8Byears representing 13,986

different firms. We refer to this sample as the “full” sampftdions.

To deal with potential concerns related to entry, exit, amagars and acquisitions, we also

construct a second sample of firms in a balanced panel. Ta¢haled in the balanced sample,



a firm must have sufficient data available to construct Teb@' investment, cash flow, and
capital stock for every year from 1980 to 2006. In additianghsure that our measure of
investment captures purchases of property, plant and exmuip we eliminate any firm that
may have made a major acquisition during the sample peribesé criteria yield a sample of
9,180 firm-years composed of 340 firms that have data availaldach of the 27 years in the

sample period.

Our third sample is composed of international firm level dedan Thomson Financials
Worldscope database. Worldscope provides the broadestage of international data, cov-
ering companies in more than 50 developed and emerging tsaake accounting for more
than 96 percent of the market value of publicly traded corrgsaacross the globe. We use data
on firms from Australia, Brazil, Canada, France, GermaryadaSouth Korea and the United
Kingdom for our international sample as these eight coestnave the widest coverage for
non-US firms in the Worldscope database. We keep all firmsymaeach of these countries
with non-missing data for investment rates, Tobin’s Q, d&sli and net property plant and
equipment. The international sample has 62,745 firm-yeamrgposed of 10,839 firms over
the period 1980 to 2005.

The four main variables used in this study (investment, s, cash flow, and firm size)
are calculated as follows. Investment is defined as capitsmditures in property, plant and
equipment scaled by the beginning-of-year capital stodke dapital stock is defined as net
property, plant and equipment. Tobir(sis defined as the market value of assets scaled by
the book value of assets. Cash flo@F( is calculated as the sum of end-of-year earnings
and depreciation scaled by the beginning-of-year capidaks Finally, firm size is the natural
logarithm of the beginning-of-year capital stock for firmTableld summarizes various firm

characteristics for the full sample, balanced sample atedriational sample of firms.
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[11.2  Investment Rates by Sze, Tobin’s Q and Cash Flow Portfolios

We begin our examination of the relationship between firme sizd investment by allocating
each firm-year into a size portfolio. Each year, the distidyuof firms is divided into size
deciles. The decile breakpoints are calculated and thdotiod are rebalanced each year.
We then calculaten an equal-weighted average of investraésg for each size decile. We
repeat this exercise for both the full and balanced samplsys. Table Il reports the mean
investment rates for each size decile. The mean investranfor the smallest decile in the
full sample is 0.453. The investment rate for firms in the sesadecile is 2.3 times that of the
mean for firms in the largest size decile. The mean investna¢ais declining monotonically

from the smallest size decile to the largest decile.

A similar monotonic relationship between size and meandtment rate exists in the
balanced panel, as reported in Panel B of Table Il. Despada¥er variation in firm size
in this sample due to the method of construction, the meassinvent rate for firms in the
smallest decile, 0.333, is 1.9 times larger than the measstnvent rate for the firms in the
largest size decile. The monotonic, negative relationsbipveen size deciles and investment
rates in these two samples provides preliminary evidenoaadnditional convergence among

the firms in our sample.

To get a first look at conditional convergence, we perform-tvay sorts on size and the
traditional determinants of corporate investment. We almt by Tobin’sQ, a proxy for a
firm’s future investment opportunities. Panel A of Tabledimmarizes the variation of av-
erage investment rates across the intersection of five sgd@bin’sQ quintiles. Each firm
is allocated annually across 5 x 5 quintiles of the joint siZebin’s Q empirical distribution.
We then take an equally-weighted average of the investnaggs in each of the 25 portfolios.
Across all Tobin’Q quintiles the pattern in average investment rates showswtonic nega-

tive relation with size. This relation is statistically aadonomically significant. In the lowest
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Tobin’s Q quintile, average investment rates fall from 20.for the smallest size quintile to
16.6% for the largest. In the highest Tobin’s Q quintile, rage investment rates fall from
56.4% for the smallest size quintile to 27.9% for the largé&kis pattern is consistent with the
negative relationship between investment rates and si#eeiconditional sense as we see a

strong negative relationship between size and investneoass all of the Tobin’€) quintiles.

Panel B of Table Il reports mean investment rates wherdgims are formed on size and
the cash flow rate (cash flow over beginning of period capifatyoss all cash flow rate quin-
tiles the pattern in average investment rates confirms a tonrmmonegative relation with firm
size. As in Panel A, this relation is statistically and eaoigally significant. In the lowest
cash flow rate quintile, average investment rates fall fr@2% for the smallest relative size
quintile to 14.1% for the largest. In the highest cash flowtlg, average investment rates fall
from 58.6% for the smallest size quintile to 36.0% for thgémt. This is suggestive of condi-
tional convergence as the monotonic relationship holdsiwgach of the cash flow quintiles.

We now turn to formally testing the convergence hypothesgiiegression framework.

[11.3  Unconditional Convergence

We begin by testing for unconditional convergence amongsauarple of US firms. Table IV
reports the estimation results for various specificatidiseinvestment regression in equation
(). The first and second columns present results withounatihd/ear dummies, respectively.
The results provide strong evidence of unconditional cogesgce, that is, smaller firms grow
faster than large firms. The magnitude of the coefficientrest is about -0.0304 in the
full sample of firms. This magnitude is quite large in econotg@rms, as a one standard
deviation increase in the log size of a firm leads to an avedagesase in its investment rate
of about 7.1% per annum. The inclusion of year dummies haglégitde impact on the rate

of convergence estimate.
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One major concern with employing the full sample is that thngates of unconditional
convergence may be biased by entry and exit of firms. Thathisyva firm enters the sample,
they might have relatively high growth rates and small apiwhile firms that exit tend to
have very low growth rates. To the extent that entry and egitarrelated with a firm’s size,
the coefficients may be biased. To address this concern, timeags the same specification
on the balanced panel of firms. The survivor bias imposed isrsimple will ensure that the

sample is free of the potential biases arising from entryexitd

Panel B of Table IV reports the estimates from the balancetpeaof firms. Our tests
confirm the presence of unconditional convergence in themoald sample, suggesting that the
previous results are not driven by entry and exit in the fathple. A one-standard deviation
increase in a firm’s log size dampens on average a firm’s imagstrate by about 4.3% per

annum.

[11.4 Conditional Convergence

The fact that firm size and investment are negatively relatay not seem surprising at first
glance in light of the existing corporate investment litara. It might be that firms’ hetero-
geneity in investment opportunities and financial statesiadeed driving the convergence
results. Indeed, small firms tend to have higher values ofnl® compared to large firms
and will therefore have higher investment rates. We nowfteshe presence of conditional
convergence, or the notion that small firms grow faster thagel firms even after controlling

for investment opportunities and financial status.

The simplest approach to control for unobserved time iavardirms heterogeneity is to
include a firm fixed effect to the baseline unconditional @gence regression specified in
equation (1). As shown in the first two columns of Table V, tlegative relationship between

firm size and investment remains unaffected. With firm fixddat§, a one-standard deviation
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increase in firm size above its average value leads to a 23wésétment reduction relative to

its average investment rate.

In order to account for time-varying firm heterogeneity, wsttfor conditiona3 conver-

gence by estimating the following specification:

CHt1
Kit—2

lit
Kit-1

= aj+PB1logKit—1+B2Qit—1+PBs + &it,

whereai denotes the firm fixed effect and the coefficiei,picks up the convergence
effect, conditional on Tobin’s Q and cash flows. Table V réptire estimation results for both
the full and balanced sample of firms. Across all specificatithe coefficient on the firm size
is negative and statistically significant, thus providinglence of conditional convergence in

our samples.

Furthermore, specifications (3) and (4) in Table V give usdmaiof how much the ex-
planatory power of a traditional Tobin’s Q investment regien improves when adding firm
size. In Panel A, we see that the adjusted R-squared incré@se 6% in the investmer®
regression to 12% when the log of the firm’s capital stock ¢fuided. The explanatory power
of the regression doubles. The increase in adjusted R-asdussimilar in the balanced sam-
ple. Panel B of Table V shows that the adjusted R-squaredases to 15% from 9% after the

inclusion of firm size in the investment regression.

In Panel A of Table V, specifications (4) through (6), the ficafnt estimates of condi-
tional convergence range from -0.0698 to -0.0847, depgratirthe inclusion of cash flow and
year dummy variables. These numbers translate into lageoeeic magnitudes as well. For
example, the estimates in the baseline specification witih dind year fixed effects (column
(6)) imply that one standard deviation increase in the lag sf a firm above its average value

leads to an average decrease in investment rates by 18.88tvedb its average investment
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rate. For comparison, a one standard deviation in Tobin'bQva its average value leads
to an average increase of about 9.3% in a firm’s investmeatreddtive to its average value.
Similarly, a one standard deviation increase in a firm’s ¢kt rate above its average value

leads to an average increase of 7.8% in a firm’s investmemteddtive to its average value.

Panel B of Table V reports the conditional convergence ssgoas for the balanced sam-
ple of firms. The results confirm the presence of conditiomavergence. The economic
importance of firm size relative to Tobin@ and cash flow actually increases substantially.
With firm and year fixed effects (specification (6)), a one d&ad deviation increase in a
firm size above its average value leads to a 10.9% investredanttion relative to its aver-
age investment rate. For comparison, a one standard daeviatrease in Tobin'€Q above
its average value leads to a 3.8% investment increaseveelatits average investment rate.
Similarly, a one standard deviation increase in cash flowalits average value leads to a

4.7% investment increase relative to its average investraén

|V Robustnhess

The previous section provided strong evidence that smaikfigrow faster than large firms
even after controlling for empirical proxies of growth oppmities and cash flow. This find-
ing of conditional convergence suggests that baseline resapspecifications of corporate
investment would ideally include firm size as an explanat@nyable. Given the importance
of this relationship, we now conduct a large battery of robess tests to address common
problems associated with estimating investment regressi®able VI reports the estimates

from various robustness tests.

Cooley and Quadrini (2001) show how the combination of géesit shocks and financial

frictions can account for the simultaneous dependence rof dynamics on both firm size
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and firm age. Thus, one potential problem is that we do notrobexplicitly for age in the
regressions above. The first specification reported in Tebleports the results when age
is included in the regression. The main result is unchangedstment rates are negatively

related to firm size even after controlling for firm age.

In order to control for the capital intensity of differentdiastries, we first split the sam-
ple into manufacturing and non-manufacturing firms. Thete® specifications in Table
VI report the corresponding investment regression esémall coefficients are statistically
significant at one percent level. The results are consiat@oss the two subsamples: firm size
is negatively correlated with firm investment rates, evearafontrolling for investment op-
portunities and the firm’s financial status. Non-manufaotufirms exhibit a slightly stronger

size effect than manufacturing firms.

There are several potential problems in the baseline imegst regressions that might
undermine the interpretation of the results. Since we nreaBobin’sQ at the beginning of
the year in which we measure firm investment, it might be tree dhat over the year the
firm’s investment opportunities or financial status changesa consequence, the beginning-
of-year Tobin’sQ might only partially reflect future investment opportuegi Specification
(4) of Table VI reports the estimates when we add end-ofepefiobin’sQ to the baseline
specification in place of lagged. Controlling for the change iQ over the investment period
has no effect on the results. The coefficient on end-of-pefabin’sQ is significantly smaller
than that on lagged Tobin®. Moreover, the inclusion of end-of-period Tobigsleaves the
magnitude and the statistical significance of the coefftapenfirm size unaltered. A similar
pattern holds for firms’ cash flow rates reported in specibeaf5), where lagged cash flow

is replaced with contemporaneous cash flow. The sensitiwitontemporaneous cash flow

2Similar to Fama and French (2001b) and Pastor and Veron@38j2we consider each firm as “born” in the
year of first appearance in the database. The firm age is assiggwalue of one in the year the firm is born and
increases by one in each subsequent year.
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is much smaller than that in the baseline regression witgddgcash flows. The negative

coefficient on the firm size variable is still significant aadje.

The control for future investment opportunities and finahstatus either using Tobin@
or cash flow rate might be inadequate if there are lags betwdem a firm has investment
opportunities and when the actual investment is measufgesellags may be due to account-
ing practices as well as time-to-build considerations. ¢ three specifications in Table VI
include additional lags of investment, Tobir} cash flow rate and size. The coefficient on
lagged cash flow rate is wrong-signed and economically giigi. The coefficient on lagged
Tobin’s Q is statistically insignificant and close to zerarnisize still preserves its economic
and statistical significance in explaining firm investmafe conclude that the timing of our

proxy variables for investment opportunities is not anéssu

In specification (9), we include additional control varibfor the firm’s financial status
that are common in the literature. We include the followiogtrols: cash holdings, defined
as cash and short-term investment scaled by total assetsatge, defined as the sum of short-
term and long-term debt scaled by total assets; return gisaskefined as net income scaled
by total assets; and a dividend payer dummy set equal to dhe firm pays a cash dividend
in a given year. We first note that the inclusion of these @mlthi controls does not change
the magnitude or significance of firm size in the investmegtegsion. We also see that,

controlling for firm size, the estimated coefficients fordeage is not statistically significant.

In specification (10), we investigate whether our resulty magenerated by model mis-
specification. To examine whether size in the linear investimegression is picking up some
non-linearities in the investment specification, we estéda polynomial expansion of the
baseline model. Specifically, we include squared termsl diialright hand side variables, as
well as their interactions. The results in Table VI show tihatinclusion of high-order poly-

nomials does not change the magnitude or significance of feen 8Vhile it is impossible to
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rule out all types of model mis-specification, we can ruletbatpossibility that non-linearities

in the regression model are driving the results.

IV.0.1 Sample Selection Bias and Additional Robustness

One particularly important potential problem is that owguiés may be due to the fact that our
selected sample is made up of firms that survived long enaugtake it into the Compustat
sample. It may be that the only firms that survive are thoseitlkast heavily when they are

small. It is important to note, however, that the directidrttee selection bias is not clear
in this case. While the small firm exit effect mentioned abowald create a bias in favor
of our results, the nature of the Compustat database maglcact as a bias against the
result. To see why, consider that a firm will be included in @@npustat database only if it
is required by securities law to report its financials anlyuala 10-K form. Thus, only firms

with publicly traded securities, which are likely to be largnd have higher growth rates, will
be included in the sample. We are therefore truncating tteedistribution and limiting the

variation we observe in firm size, which could act as a biagagaur main finding.

Regardless of the direction of the potential bias, it is intguat to try to control or limit the
bias due to sample selection. We take several steps in fois.eThe first was to construct
the balanced panel of firms which is free from the effects d@faxd entry. We showed that
our results are not due to entry and exit. In our second approse explicitly model the
exit decisions of firms in order to test and control for setetbias in our full sample. We
employ a Heckman type procedure, where we model the exisidecin the first stage as a
function of firm size, Tobin'Q, cash flows, cash holdings, and leverage. We then obtain the
inverse Mill's Ratio and include it on the right hand side bétinvestment regression. In

results not reported hg,ewe find that the coefficients are statistically indistirghable from

3Available upon request
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the investment regression without the control for selectias. In addition, the coefficient on
the inverse Mill’s ratio is small and statistically insifioant, suggesting that the truncation in

our sample due to firm exits is not driving our results.

We consider, but do not report for brevity, a number of addai robustness tests: (1) we
run investment regressions over different sub-samplg@gp(&duce the influence of outliers
we deflate investment and cash flow by total assets ratherctiaital; (3) we trimmed rele-
vant firm variables at different percentiles of their undatindal distribution; (4) we include
firms with negative investments and firm-years observatiatislarge acquisitions. The main
results are statistically robust. In addition, we obtaieftioient estimates consistent in terms
of magnitude and statistical significance across altereastimation methodologies including
(1) OLS with firm and year fixed effects estimated by first défecing the actual observations,

and (2) Fama-MacBeth regressions.

IV1 Potential Biasfrom Measurement Error

Another potential concern with the interpretation of thetéefor conditional convergence is
that we are using a noisy proxy for Tobin’s Q. If the measunaneeror in our measure @ is
correlated with firm size, there could be a bias in our es&san our first approach to dealing
with potential measurement error in our proxy for Tobi@swe employ a classical errors-in-
variables methodology by instrumenting for Tobin’s Q. We tisree sets of instruments. As
the first instrument, we use firm age. The use of firm age asimgint for Tobin'Q is based

on their sizable pairwise correlation (-0.30) and the jikabsence of correlation between age
and measurement error in Tobirgs In the second case, we use age and lagged cash flow to
instrument for Tobin’Q. Finally, we use firm age, lagged cash flow, and lagged Tokrds

instruments for Tobin'§). The results of the instrumental variables estimation epented in
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the first three columns of Table VII. In all three cases, thgmitaide and statistical significance

of the firm size is virtually no different from previous retul

As a second approach, we investigate whether the qualityuropimxy for Tobin’s Q can
explain the consistently negative coefficient we obtain on 8ize in the investment regres-
sions. To test whether measurement error is driving the gighe coefficient on firm size,
we employ the methodology of Erickson and Whited (2005) sThéthod allows a researcher
to draw inferences about the signs of coefficients in thegores of a mismeasured regressor.
The last column of Table VII reports the results of the reggegression in the methodology
of Erickson and Whited (2005). We see that the sign on firm isizbe reverse regression
maintains its negative sign, suggesting that the possilel@sarement error in our proxy for
Tobin’s Q is not responsible for the negative sign of the coefficierthminvestment regres-
sion. Thus, this test implies that our result is robust to sneament error in Tobin'®. It is
interesting to note that the sign on the cash flow coefficietitches from positive to negative
in the reverse regression, suggesting that the cash flowtisgn®f investment is sensitive to

measurement error @

IV.2 Convergence over Longer Time Horizons

We also estimate rates of conditional convergence ovearéfiit time horizons, short (2 years),
medium (5 years), and long (10 to 20 years). To accomplish e estimate regressions of

the form

1 Ki, t
(—-) log (ﬁ) = aj+B1logKit—j +B2Qit—j +BCFt—j+ W +E&it, (3)
it—]
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where | indexes the horizon period. Thus, we regress annualizethtafock growth from
yeart — j to yeart firm size, Tobin’s Q and cash flow rate in year t-j. Table Vllibss that

estimates of the rates of convergence are largely indepénfithe estimation horizon.

IV.3 International Evidence

We conclude the empirical examination of conditional cageace by conducting an out-
of-sample test. We estimate the investment regressionigbt ether countries around the
world to investigate whether the results related to cooddl convergence are unique to the
US sample of firms. From the Worldscope database, we obtaindivel data for Australia,
Brazil, Canada, France, Germany, Japan, South Korea, atthited Kingdom. The variables

are constructed in the same manner as for the US firms.

The investment regressions for the international sam@eegorted in Table IX. We see
that in each of the eight countries, there is significantevie of conditional convergence. The
coefficient estimates on firm size are roughly similar in miagte to those obtained using US
data, although they are significantly higher in France andr@ay. Thus, we conclude that

the evidence for conditional convergence is compellingrabdst.

V  Financial Constraintsor Investment Opportunities

The robust finding of conditional convergence suggestsfitmtsize may be capturing some
aspects of two broad determinants of corporate investm@ntone hand, firm size may be
capturing a firm’s financial status, or equivalently a firmé&gcee of external finance con-
straints. On the other hand, size may be providing additioi@mation about a firm’s true

investment opportunities that is not contained in the siashg@roxies of investment opportu-
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nities, such as average Tobirgsand/or cash flow measures. In this section, we investigate

which of these two channels is most plausible.

We first explore whether our estimates of conditional cogeece are simply reflecting
the degree of external finance constraints that a firm maydegaThis is motivated by the
large literature on cash flow sensitivities of investmerttich often uses firm size as a sorting
variable, where larger firms are thought to be less congtlagompared to smaller firms.
We investigate whether the estimated rates of convergespend on the degree of a firm’s
financial constraints, as measured by the two most prommeasures, the Kaplan-Zingales
(1997) KZ index, and the Whited-Wu (2006) WW index. We comstra series of dummy
variables based on whether a firm ranks high or low in eithahes$e indices and interact
these dummies with the control variables and firm&ize/e also include the index itself as
a control. Thus, the interaction term between the congtchimmy and firm size estimates
the difference in convergence rates between constraingdiaconstrained firms. Tablel X
reports the results of the investment regressions inctuthie constraint dummy variables.
For comparison, specification (1) reports the baselineessjon results without the constraints
dummy. Specification (2) includes a dummy variable set etguahe if the firm’s WW index
is less than the median and zero otherwise. Specificatiom¢B)des a dummy variable set
equal to one if the firm's KZ index is less than the median and néherwise. Specifications
(4) and (5) construct two dummy variables, one set equal éoifathe value of the respective
indices is less than the first quartile of the distributiamj another set equal to one if the value

of the index exceeds the third quartile of the distribution.

The results in Tablé X suggest that the rates of conditional/ergence are unrelated
to measures of financial constraints. The rate of convergéorchigh WW index and low

WW index firms are statistically indistinguishable. The sam@sults holds when the firms are

4For brevity, the interaction terms with TobirGand cash flow as well as the coefficient on the dummy itself
are not included in the table, but are available upon request
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sorted by the KZ index. Column (4) shows that the rate of cagesce for firms in the top
guartile of the WW index is not different from the rate of cenyence for firms in the bottom
quartile of the index. The results in Column (5) are similtw.the extent that these indices
capture the degree of a firm’s external finance constraimesiesults in Table X suggest that
the negative relationship between firm size and investnatesdoes not reflect differences in
financial constraints. Thus, the evidence suggests thatribyeg relationship between size and
investment is most likely related to the measurement of aditrae investment opportunity

set rather than reflecting differences in firms’ financiatusgta

We then explore whether firm size may be capturing additioriatmation about a firm’s
true investment opportunities that is not contained in taedard proxies including average
Tobin’s Q and/or cash flow measures. Based on the work by Hayashi (E8&PAbel and
Eberly (1994), we know that homogeneity of a firm’s profit ofategree in investment and
capital makes Tobin’® proportional to margina@Q and hence a sufficient statistic for firm
investment decisions. However, any violation of this ctiodi including for instance invest-
ment irreversibility, pure fixed costs, and time-to-builayrdrive a wedge between average
and marginal), leading to an omitted variables problem in empirical sieaions of invest-
ment. In this context, our findings suggest that conditiartalvergence may be capturing
some aspects of a firm’s decreasing technological retunssdle not fully captured by stan-

dard empirical proxies such as Tobisand/or cash flow.

We investigate whether there is any relationship betweeerstimated rate of convergence
and the degree of technological returns-to-scale in dap@sss two-digit SIC industries.
According to a neoclassical model of growth (Solow (195@)) the convergence literature in
macroeconomics (Barro and Sala-i-Martin (1992) and Sadaiitin (1996), among others),

the (absolute value of) degree of convergence should beinelgaelated to the degree of
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technological returns-to-scale in cathalThe intuition behind this relation stems from the
assumption of diminishing returns to capital in the neagitasd production function. The rate
of return to capital is large when the stock of capital is drmatl hence investment rates are
expected to be high. In contrast, when the stock of capitalge the rate of return on capital
and investment rates are low, growth rates are expected towbeThus, the neoclassical
model predicts convergence and, as shown in Sala-i-Maré84q), the rate of convergence is

negatively related to the capital share in the productiowmction.

We first estimate the rate of convergence and a proxy for tiyeeeeof technological
returns-to-scale in capitad, from a panel of firms within each industry separQeWe then
run a cross-industry regression of the rates of convergendbe estimates of technological
returns-to-scale in capital. Table XI reports the res8secification (1) provides evidence of
a positive (negative) relation between (the absolute valueates of convergence and techno-
logical returns-to-scale in capital. Specification (2)intes the average industry depreciation
rate and the average growth rate of industry productivigckl as controls. The results re-
main basically unchanged. Estimation details for the @iéwariables are provided in the

Appendix.

The empirical evidence at the industry level confirms thetexice of a relationship be-
tween the estimated rates of convergence and technolagitahs-to-scale. Overall, our
findings suggest that firm size may be capturing some infoomabout a firm’s decreasing

technological returns-to-scale not fully captured by dead empirical proxies such as Tobin’s

SWithin a neoclassical growth model with constant-retuimscale Cobb-Douglas production function, Sala-
i-Martin (1996) provides an approximate relationship bestw the (absolute value of) rate of convergerf)e (
and fundamental parameters:

B=(1—0a)(d+n+Xx),

wherea is the capital share in the production functidiis the capital depreciation rateis the rate of population
growth, andx is the rate of productivity growth.

8Under the assumption of no heterogeneity in the demandatastcross industries, variation Bidentifies
variation in the true degree of technological returnsdale in capital,a. We maintain this assumption for
identification purposes. See Appendix for more details.
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Q and/or cash flow, thus improving the measurement of a finrmé wnobservable investment

opportunity set.

VI Conclusion

A long literature in industrial organization and corporitence has focused on the determi-
nants of corporate investment dynamics. While the corpdmance literature has focused on
the role of Tobin’sQ and cash flow as determinants of investment, the industgalozation
and growth literature have focused on the role of size ingtment. This paper links the two
streams of literature and examines whether size dependalsceknown as convergence, is
important in corporate investment decisions after cohtiglfor the usual proxies for firm

investment opportunities and financial status.

The results of the analysis above provide strong evideratesthall firms grow faster than
large firms even after controlling for growth opportuniteexl financial status. Indeed, we find
that the economic and statistical significance of firm sizewestment regressions is at least
as important as Tobin® and cash flow. The results are robust to controls for selettias,
measurement error in our proxy for Tobii@s different measures of investment opportunities
and firm financial conditions, different functional formsfferent estimation horizons, and
across different subsamples. We also investigate eighttdea outside of the US and find
that conditional convergence is present internationMlgreover, further empirical evidence
suggests that the strong relationship between size anstmeat is related to the measurement

of a firms investment opportunity set rather than reflectiffgieences in firms financial status.

We view these results as having three important contribstid-irst, these results simply
lay out some important facts about the role of size in cofgaravestment. The negative rela-

tionship between firm size and growth, which may seem unimgrat first glance, becomes
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guite important when we see that the relationship holds aftetrolling for traditional proxies
of growth opportunities and financial status of firms. Mostld existing models based on
homogeneity assumptions in the literature allow no exjlale for the size dependence once
controlling for Tobin’sQ and cash flows. Thus, we hope that the role of firm size is exaanin
more fully in the future. The second contribution is a mettiodical one. The empirical evi-
dence suggests that there is a role for firm size in explaime@bserved investment behavior
of firms, both cross-sectionally and over time. The findingahditional convergence sug-
gests that baseline empirical specifications of corporatesiment would ideally include firm
size as an explanatory variable as its inclusion substhnitiaproves the explanatory power
of investment regressions. Finally, as shown in Gala and ®010), while these facts related
to the dynamics of corporate investment are very importariheir own merits, they also have

important implications for aggregate investment dynamics
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Appendix

In this section, we discuss the measurement of decreasimgseto-scale in capital and the
details and robustness of estimation for the profit functioar methodology follows Cooper

and Haltiwanger (2006).

We assume that each productive unit has a Cobb-Douglasgrodéunction with constant-
returns-to-scale in all inputs of production givenyoy: AK®L1~%, A denotes the productivity
shock,K is physical capitall is the variable factor(s), and is the price of the variable fac-
tor(s). The equations that follow are based on one varigu®f for expositional purposes
but extend easily to multiple variable factors. We futherenassume that the inverse demand
function with constant elasticity is given liy=y " with corresponding revenue function of

R(y) = y*". Optimization of the profit function over the variable facto
maxR(y) — o]

yields a revenue functioR(K, A) and profit functior (K, A) given by
R(K,A) = AK®

and

N(K,A) = (1—@AK®

whereA = [AL)(§/w)? Y (1-9 reflects both the shocks to the production function and vari-
ations in variable factors’ cost8 = a(1—n)/(1— @) andg= (1—a)(1—n). The coefficient

on K measuring the degree of returns-to-scale in cap@girn( both the revenue and profit
functions is the same. Moreover, the properties of the shezkevenue and profits are the

same up to a factor of proportionality. So the estimatioategy is to estimat@ from either a
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log-linear first-differenced profit or revenue regressiortite capital stock. The latter seems
preferred since there is potentially less measurement ewolved. There are a small num-
ber of observations with negative measured real varialiBtpibut by construction there are
no businesses with negative real revenue. In the analysieeipaper we use the estimate of
0 from the real revenue log-linear first-differenced estioratbut this is not critical for the
reported results. To obtain the adjusted productivity kbp&, we use the estimate 6fand

use the optimized revenue function to infer the shocks.

Real revenues are measured as total sales, deflated by theerprice index from NIPA.
We estimate the revenue function in logs and first differenadnere the left hand side is the
difference in log sales frohto t + 1 and the right hand side is the difference in log scale
(net property, plant and equipment) from yé¢ar 1 tot. We estimate this regression for all
firms in our sample at the 2-digit SIC industry level. For eaxtustry, we obtain an estimate
of 8. This estimate is used to infer industry-level producyidhocks by subsituting in the
revenue function and solving féx. We then aggregate these estimates at the industry level
and calculate the average change in productivity shockistbeesample period. This serves
as our baseline estimate for the growth in productivity &80©ur estimates of technological
returns to scale and growth in productivity shocks are eggaon the regressions reported in

Table X].

The results are robust to several alternative approachesalst estimated the technolog-
ical returns to scale and growth in productivity shocks gsaggregated industry-level data.
That is, for each 2-digit SIC industry, we sum up total reveshand capital for each firm-year
and estimate the parameters in the time series for eachtigdusthis case, the intercept of
the revenue function regression (in differences of logsjeseas the estimate for the growth
in productivity shocks. We also estimate the rates of cayesgee at the industry level rather

than at the firm level. The reSLHtare similar regardless of the estimation approach.

’Available upon request.
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Tablel
Summary Statistics

This table reports summary statistics for the primary \@€egs used in this paper. The summary statistics are
reported for each of three samples: the full sample of US ffrore Compustat, the balanced panel of US firms

from Compustat, and an international sample of eight caes(Australia, Brazil, Canada, France, Germany,

Japan, South Korea, and the United Kingdom) from the Woddsadatabase.

Panel A: Full Sample

Variable N Mean Median Std. Dev.
Investment 130,108 0.3012 0.2130 0.2978
Q 130,108 1.5497 0.9659 2.9165

Cash Flow 130,108 0.5165 0.3316 0.8891
Firm Size 130,108 3.5622  3.4076 2.3412
Panel B: Balanced Sample

Variable N Mean Median Std. Dev.
Investment 9,180 0.2330 0.1956 0.1702
Q 9,180 1.1322 0.8952 0.8447

Cash Flow 9,180 0.4247 0.3265 0.4889
Firm Size 9,180 5.3280 5.2818 2.1815
Panel C: International Sample

Variable N Mean Median Std. Dev.
Investment 62,745 0.2452 0.1488 0.3652
Q 62,745 1.0156 0.6775 1.4455

Cash Flow 62,745 0.3770 0.2028 1.9811
Firm Size 62,745 13.0079 12.9197 3.8069
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Tablell
Investment Rates by Size Deciles

This table reports mean and median investment rates adressdexiles. Firm portfolios are formed each year by sorindirm size and allocating the firm into
size deciles. The portfolios are rebalanced each yearr fféeportfolios are formed, we compute an equal-weightedame of the investment rate, defined as

capital expenditures scaled by beginning-of-period priypplant and equipment. The sample period for the full S@mp130,108 firm-years reported in Panel
A'is 1962 to 2006. The sample period for the balanced panell@&®firms reported in Panel B is 1980 to 2006.

Panel A: Full Sample
Size Decile (1) 2 3) 4) (5) (6) (") (8) 9 (10)

Mean 0.453 0.377 0.345 0.320 0.298 0.281 0.267 0.247 0.22%980.
Std. Error  0.004 0.003 0.003 0.003 0.002 0.002 0.002 0.009010. 0.001

Panel A: Balanced Sample
Size Decile (1) 2 3 4) (5) (6) @) (8) 9) (10)

Mean 0.333 0.276 0.246 0.237 0.225 0.229 0.212 0.199 0.201700.
Std. Error  0.010 0.007 0.005 0.005 0.004 0.004 0.004 0.00®030.0.003




Tablelll
Investment Rates by Size, Tobin’s Q and Cash Flow Portfolios

This table reports mean investment rates and standarddamofirm portfolios based on independent sorts on
Tobin’s Q, cash flow, and firm size. Each year, we indepengeatit by size, Tobin’QQ and cash flow and
allocated the firms into quintiles. The portfolios are relpaled each year. We then calculate an equal-weighted
average of investment rates, defined as capital expenslissaed by beginning-of-year property, plant and
equipment, for each of the portfolios in thex54 sizeQ two-way sorts and the % 4 size/cash flow two-way
sorts. The sample period for the full sample of 130,108 fiearg reported in Panel A is 1962 to 2006.

Size Quintile
Q Quintile Ky Ko K3 Ka Ks
Q1 Mean 0.297 0.221 0.199 0.178 0.166

Std. Error  0.004 0.003 0.002 0.002 0.002

Q2 Mean 0.336 0.261 0.229 0.207 0.175
Std. Error  0.005 0.004 0.003 0.002 0.002

Q3 Mean 0.385 0.314 0.278 0.249 0.206
Std. Error  0.006 0.004 0.003 0.003 0.002

Qa Mean 0.460 0.390 0.339 0.301 0.248
Std. Error  0.006 0.005 0.004 0.003 0.002

Qs Mean 0.564 0.482 0.405 0.345 0.279
Std. Error 0.006 0.006 0.005 0.003 0.003

Size Quintile
Cash Flow Quintile K1 Ko Ks Ka Ks
CFH Mean 0.282 0.214 0.187 0.173 0.141

Std. Error 0.004 0.004 0.004 0.004 0.002

Ck Mean 0.260 0.210 0.206 0.208 0.184
Std. Error  0.007 0.004 0.003 0.002 0.001

CRs Mean 0.300 0.261 0.259 0.256 0.231
Std. Error  0.006 0.004 0.003 0.002 0.002

CF4 Mean 0.374 0.340 0.323 0.301 0.285
Std. Error 0.006 0.004 0.003 0.003 0.002

Cks Mean 0.586 0.522 0.453 0.398 0.360
Std. Error  0.005 0.005 0.005 0.005 0.007
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TablelV
Investment Regressions: Unconditional Convergence

This table reports estimates from regressions of the type:

lit
Kit-1

= do+B1logKit—1+ &,

where the left hand side is end-of year capital expenditacated by beginning-of-year property, plant and
equipment. The right hand side variable, kg1, is the natural logarithm of total capital for firm Standard
errors are clustered by firm and are reported in parenth@$essample period for the full sample of 130,108
firm-years reported in Panel A is 1962 to 2006. The sampl@@dédor the balanced panel of 9,180 firms reported
in Panel B is 1980 to 2005.

Panel A: Full Sample
1) 2

logKi;_1 -0.0304 -0.0305
[0.0006]***  [0.0006]***

Observations 130,108 130,108
R-squared 0.06 0.08
Year Dummies No Yes
Panel B: Balanced Sample
1) (2)
logKit—1 -0.0201 -0.0183

[0.0022]***  [0.0023]***

Observations 9,180 9,180
R-squared 0.07 0.10
Year Dummies No Yes
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TableV
I nvestment Regressions:. Conditional Convergence

This table reports estimates from regressions of the type:

CFt-1
Kit—2

lit
Kit—1

= 0 +B1logKit-1+B2Qit-1+Bs +&it,

where the left hand side is end-of year capital expenditscated by beginning-of-year property, plant and equipm@&he right hand side variables include
include a firm fixed effectyi, Tobin’s Q, cash flow, and Idg ;1 is the natural logarithm of beginning-of-year total caldiva firm i. Standard errors are clustered
by firm and are reported in parentheses. The sample perigdddull sample of 130,108 firm-years reported in Panel A i621& 2006. The sample period for
the balanced panel of 9,180 firms reported in Panel B is 1920056.

Panel A: Full Sample

(2) (2) (3) (4) (5) (6)
logKit—1 -0.0998 -0.1052 -0.0847 -0.0698 -0.0810
[0.0019]*** [0.0022]*** [0.0019]*** [0.0018]*** [0.0020 J***
Qit-1 0.0410 0.0281 0.0200 0.0319
[0.0010]*** [0.0010]*** [0.0009]*** [0.0011]***
CFit—1 0.0934 0.0879
[0.0022]*** [0.0021]***
Observations 130,108 130,108 130,108 130,108 130,108 1080,
R-squared 0.09 0.11 0.06 0.12 0.17 0.20
Year Dummies No Yes No No No Yes
Panel B: Balanced Sample
(2) (2) 3) (4) (5) (6)
logKit—1 -0.0627 -0.0706 -0.0536 -0.0401 -0.0502
[0.0043]*** [0.0061]*** [0.0041]*** [0.0039]*** [0.0050 J***
Qit-1 0.0714 0.0613 0.0452 0.0455
[0.0060]*** [0.0056]*** [0.0063]*** [0.0064]***
CFi-1 0.1032 0.0958
[0.0190]*** [0.0190]***
Observations 9,180 9,180 9,180 9,180 9,180 9,180
R-squared 0.09 0.12 0.09 0.15 0.2 0.22
Year Dummies No Yes No No No Yes
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Table VI
Robustness Tests

This table reports robustness estimates from variatiottssobaseline regression:

CFt_1
Kit—2

lit
Kit—1

= 0 +P1logKit—1+B2Qit-1+Bs + Wt + it

where the left hand side is end-of year capital expenditscated by beginning-of-year property, plant and equipm&he right hand side variables include
include a firm fixed effectp;, Tobin's Q, cash flow, and Id§ ;1 is the natural logarithm of beginning-of-year total capita firm i, and year fixed effects
vt. Specification (1) adds firm age, defined as the number of waare the first appearance of the firm in the database, as @oadtcontrol. Specifications
(2) and (3) report the estimates for manufacturing (SIC 28889) and non-manufacturing firms, respectively. Spetifin (4) replaces lagged Tobin@
with contemporaneous Tobin®, while specification (5) uses contemporaneous cash flowscifgmations (6)—(8) include additional lags of investmdinm
size, Tobin’sQ and cash flow. Specification (9) includes cash holdings, Beed&rage, return on assets, and a dividend payer dummy &soadticontrols.
Specification (10) reports the estimates from a polynomighasion of the investment regressions. All squared arefdntion terms are included in the
specification, but not reported. Standard errors are cledtay firm and are reported in parentheses. The sample deritue full sample of 130,108 firm-years
reported in Panel A is 1962 to 2006.
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Table VI

Robustness Tests
1) 2 3 4 ®) (6) ) (8) ) (10)
logKii—1 -0.0502 -0.0526 -0.0509 -0.0453 -0.0596 -0.0558 -0.0502 .0431 -0.0506 -0.0523
[0.0050]*** [0.0060]*** [0.0101]*** [0.0050]*** [0.0062 J*** [0.0047]*** [0.0051]*** [0.0052]*** [0.0050]*** [0. 0056]***
Qit-1 0.0455 0.0369 0.0576 0.0590 0.0419 0.0504 0.0520 0.0301 720.0
[0.0064]*** [0.0067]*** [0.0095]*** [0.0060]*** [0.0056 ]*** [0.0071]*** [0.0071]*** [0.0060]*** [0.0104]***
CRi-1 0.0958 0.1290 0.0669 0.1092 0.0620 0.1085 0.0948 0.0797 188.2
[0.0191]*** [0.0136]*** [0.0230]*** [0.0209]*** [0.0167 ]*** [0.0143]*** [0.0142]*** [0.0169]*** [0.0280]***
Firm Age -0.0061
[0.0153]
Qit 0.0323
[0.0067]***
CFy 0.0144
[0.0096]
lit—1 0.1949
[0.0232]***
Qit-2 -0.0071 -0.0097
[0.0056] [0.0060]
CRi_2 -0.0131 -0.0128
[0.0055]**  [0.0054]**
logKit—»2 -0.0313
[0.0120]***
Cash -0.0707
[0.0288]**
Leverage 0.0066
[0.0089]
ROA 0.4115
[0.0461]***
Dividend Payer 0.0330
[0.0099]***
Observations 9,180 6,588 2,592 9,173 9,180 8,840 9,162 08,84 9,180 9,180
R-squared 0.22 0.24 0.21 0.21 0.19 0.25 0.22 0.23 0.25 0.27




Table VIl
Robustness: Measurement Error
This table reports estimates from regressions of the type:

CFit 1
Kit—2

|.
" — aj+BilogKis 1+ B2Qir 1+ B3 Vi + &t

Kit-1
where the left hand side is end-of year capital expenditacated by beginning-of-year property, plant and
equipment. The right hand side variables include a firm fixéete a;, year fixed effectsy, Tobin’s Q, cash
flow, and logKi:_1 is the natural logarithm of beginning-of-year total calpita firm i. Specifications (1)—(3)
report instrumental variables estimation results usimg éige, lagge® and cash flow as instruments for Tobin’s
Q. Specification (4) reports the reverse regression estsmagig the methodology of Erickson and Whited
(2005). Standard errors are clustered by firm and are reporfgarentheses.

(2) (2 3) (4)

logKit—1 -0.0468 -0.0474 -0.0390 -0.0560

[0.0027]*** [0.0029]*** [0.0022]*** [0.00807]***
Qit-1 0.0448 0.0480 0.0404 1.1100

[0.0204]**  [0.0225]*** [0.0036]*** [0.1280]***
CFit—1 0.1519 0.1611 0.1012 -0.5540

[0.0114]*** [0.0123]*** [0.0046]*** [0.0080]***
Observations 9,180 8,840 8,840 9,180
R-squared 0.19 0.19 0.17 0.14
Instruments Age AgeCFt > Age,CFt 2, Qit—2
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TableVIII
Convergence over Different Time Horizons

This table reports estimates from regressions of the type:

1 Ki,t

(T) log (Klt : > = 0i + B1logKit—j + B2Qit—j + BsCFit—j + Wt + &it,
11—}

where the left hand side is the annualized change in capitek $rom yeart — j to yeart. The right hand side

variables include include a firm fixed effect;, year fixed effectsy, Tobin's Q, cash flow, and ldg_j is the

log of the firm’s capital stock in yedr— j. Standard errors based on the Newey-West estimator argedpn

parentheses.

1) (2) 3) (4)
j=2 j=5 j=10 j=20

logKit—j -0.0773 -0.0966 -0.0910 -0.0502

[0.0058]*** [0.0050]*** [0.0039]*** [0.0020]***
Qit—j 0.0446 0.0209 0.0020 -0.0014

[0.0046]*** [0.0030]*** [0.0016] [0.0007]**
CFit—j 0.0442 0.0265 0.0112 -0.0002

[0.0175]**  [0.0131]**  [0.0047]** [0.0013]
Observations 8,500 7,480 5,780 2,380
R-squared 0.17 0.33 0.48 0.56
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TablelX
Conditional Convergence: International Evidence

This table reports estimates from regressions of the type:

lit
Kit—1

CFt_1
Kit—2

= 0 +P1logKit-1+B2Qit-1+Bs + Wt + it
where the left hand side is end-of year capital expenditstaked by beginning-of-year property, plant and equipméhe right hand side variables include a

firm fixed effect,a;, year fixed effectsy;, Tobin’s Q, cash flow, and ldg ;_; is the natural logarithm of beginning-of-year total capita firm i. Firm fixed
effects and year dummies are included in each regressiand&td errors are clustered by firm and are reported in ferses.

Australia Brazil Canada France Germany Japan South KoreaitedJdingdom
logKit—1 -0.0355 -0.0124 -0.0363 -0.0402 -0.0426 -0.0162 -0.0332 .0338
[0.0035]*** [0.0061]** [0.0030]*** [0.0041]*** [0.0049]*** [0.0019]*** [0.0048]*** [0.0016]***

Qit-1 0.0611 0.0327 0.0742 0.0882 0.0807 0.0604 0.0979 0.0585
[0.0066]***  [0.0197]*  [0.0058]*** [0.0128]*** [0.0129]*** [0.0059]*** [0.0135]*** [0.0031]***

CF 1 0.0262 0.0532 0.0113 0.0364 0.0332 0.0359 0.0253 0.0223

[0.0042]*** [0.0115]** [0.0045]* [0.0108]*** [0.0063]** [0.0056]*** [0.0085]*  [0.0027]***

Observations 5,564 1,533 7,931 4,559 2,998 19,241 3,964 5988,
R-squared 0.14 0.44 0.18 0.21 0.23 0.19 0.18 0.17
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Table X
Rates of Convergence and Financial Constraints

This table reports estimates from regressions of the type:

lit
Kit—1

=0 + B110gKit—1+ B2Xit—1+ B3Dindex + 01Dindex % 10gKit—1 + B2Dindex X Xit—1+ Wt + Eit,

where the left hand side is the end-of year capital expereditscaled by beginning-of-year property, plant and eqaignirhe right hand side variables include
a firm fixed effectp;, year fixed effectsy, logKit_1, the log of the firm’s capital stock in yetr- 1, Dingex is an indicator variable set equal to one if a particular
firm is classified as belonging to a distribution of either Kaplan-Zingales (1997) KZ index or the Whited-Wu (2006)erdandX;;_1 is a set of additional
control variables, namely Tobin’s Q and cash flow. Specificat(2) and (3) set the dummy variable equal to one if theevafithe index for a particular firm is
below the median of the distribution. Specifications (4) és)dset one dummy equal to one if the value of the index for &éqadar firm is below the first quartile
and another dummy equal to one if the value of the index exctethird quartile of the distribution. Standard erross @ustered by firm and t-statistics are

reported in parentheses.

1) 2) 3) 4) )
AllFirms WW Index - Median KZ Index - Median WW Index - Quadd KZ Index - Quartiles
logKi t—1 -0.050 -0.064 -0.051 -0.059 -0.052
(9.98)*** (9.82)*** (9.49)*** (9.60)*** (9.45)***
Qit-1 0.045 0.054 0.221 0.049 0.166
(7.12)*** (5.68)*** (7.621)*** (4.09)*** (6.54)***
CFi-1 0.096 0.041 0.057 0.083 0.049
(5.03)*** (2.46)** (9.32)*** (7.17)*** (7.99)***
Low WW xlogKit—1 0.008
(1.00)
Low KZ xlogKit—1 -0.000
(0.12)
WWQ25 X |OgKi,t,1 -0.011
(1.14)
WWQ75 X |OgKi,t,1 -0.012
(1.39)
KZQ25 X |OgKi’t71 -0.002
(0.42)
KZ75 X |OgKi,t,1 0.001
(0.19)
Observations 9,180 9,180 9,180 9,180 9,180

R-squared 0.22 0.24 0.25 0.25 0.26




Table Xl
Conditional Convergence and Technological Returnsto Scale

This table reports estimates from regressions of the type:
Bk = 01 + 026k + YXk + &,

where the left hand side is the industry-level convergestimate calculated as the coefficient on the log of firm
scale on a within-industry investment regression inclgdirm and time fixed effects, Tobin’s Q and cash flow.
The right hand side variables include the proxy for techgimlal returns to scaldy, andXy includes additional
control variables, namely the average industry deprexiatite and the average growth rate of industry-level
productivity shocks (see Appendix for estimation detaitandard errors are reported in brackets.

Balanced Sample Full Sample
Ok 0.0981 0.0984 0.1166 0.1206
[0.0409]** [0.0419]** [0.0284]*** [0.0246]***
Productivity, -0.0328 0.0644
[0.1178] [0.2510]
Depreciation Raje 0.0089 0.0129
[0.1202] [0.0109]
N 47 47 47 47
R-squared 0.114 0.115 0.152 0.163
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