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Why Did the Investment-Cash Flow Sensitivity Decline
over Time?

Abstract

In this paper we reinvestigate the issue regarding the investment-cash flow sensitivity (Fazzari,
Hubbard and Petersen 1988 and Kaplan and Zingales 1997). We propose an explanation for why
corporate investment used to be sensitive to cash flow and why the sensitivity declined over
time. The sensitivity results from the importance of tangible capital and its productivity in
the old economy. New-economy firms tend to operate with a higher level of intangible capital,
face more intensive competition, and have cash flows which have less predictive power for their
future values. As the number of new-economy firms grew and old-economy firms adapted to the
new-economy environment, the average investment-cash flow sensitivity declined. The empirical

results support our explanation of the sensitivity.
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1. Introduction

The mainstream economic theory of corporate investment under perfect market assumptions,
popularly known as the Q-theory, postulates that investment is determined by the marginal
productivity of capital (Tobin 1969). In empirical work, the marginal Q is unobservable and the
average () is unable to explain the observed corporate investment activities. Instead, investment
is found to be related to the cash flow firms generate in the same year (Fazzari, Hubbard and
Petersen 1988). The investment-cash flow sensitivity is initially proposed as indicative of the
existence of financial constraints, a form of market imperfection, as financially constrained firms
must rely on their cash flow for new investment. An alternative explanation is that cash flow
variation explains investment variation because current cash flow predicts future cash flow and
investment is made in pursuit of future cash flow, consistent with the Q theory in general (Poterba
1988, Erickson and Whited 2000, and Alti 2003). An interesting phenomenon is that, while the
debate is ongoing, the investment-cash flow sensitivity documented in the literature in the late
1980s had declined over time and by the new millennium it had almost disappeared (Allayannis
and Mozumdar 2004, Brown and Petersen 2009, and Chen and Chen 2012). This declining

pattern of investment-cash flow sensitivity has been puzzling financial economists.

In this paper, we propose an explanation for why the investment-cash flow sensitivity ex-
isted and why it declined. The explanation extends the notion that current cash flow explains
investment because it predicts future cash flow to incorporate the role of the productive capital
structure, which refers to a mix of two types of corporate productive capital—tangible capital
and intangible capital. The intuition of the paper is straightforward: The investment-cash flow
sensitivity documented in the literature is the sensitivity of tangible capital investment to cur-
rent cash flow. Firms make optimal decisions on the amount of tangible and intangible capital
investments to maximize their firm value. The investment and the resultant productive capital
structure should reflect the relative productivity (profitability) of tangible capital and intangible
capital. In the old economy, production relied more heavily on tangible capital, which leads to a

high ratio of tangible capital in the productive capital structure. The current cash flow generated



from the productive capital structure was informative about future productivity of the existing
tangible capital. The (physical) investment-cash flow sensitivity existed because the current cash

flow predicted future ones.

Over the last fifty years or so, the US economy has experienced large technological trans-
formations from one that consisted more of traditional industries to one that embraces more of
high-tech-oriented industries. These transformations were accompanied by an increase in the
variety of industrial products, more complicated production processes, and more competitive
environments for the firms. On one hand, the production processes nowadays rely more on in-
tangible capital, especially for new firms in new industries. On the other hand, cash flow has
become riskier and less predictable due to fast-changing consumer preferences and heavy com-
petition among firms. As current cash flow now contains less information about future cash flow
than it did in the past, investment has become less dependent on current cash flow, especially

for physical investment. As a result, the investment-cash flow sensitivity declined over time.

Four sets of empirical results confirm the simple intuition outlined above. The first set
of results comes from basic descriptive statistics of firm characteristics. During the sample
period from 1967 to 2016, the number of manufacturing firms listed on the major US exchanges
fluctuated mostly because of changes in the NASDAQ-listed firms. The average market-to-book
asset ratio increased as more growth firms enter the sample. The average physical investment
as a fraction of total assets declined by half over the sample period. The average cash flow as
a percentage of total assets declined even more, while its volatility increased, mostly due to the
newly listed high-tech firms. The average tangible capital as a percentage of total assets steadily
declined, while that of intangible capital increased dramatically. This change in the productive
capital structure reflects a change in the relative productivity of the two types of capital for the

US firms over the sample period.

The second set of results represents the main results of the paper. We find that the investment-
cash flow sensitivity is an increasing function of tangible capital, scaled by total assets. More

importantly, the investment-cash flow sensitivity disappears once the cross-product term of cash



flow and tangible capital is controlled for. The physical investment does not positively depends
on cash flow for firms with low tangible capital. Only firms with high tangible capital have
positive investment-cash flow sensitivity. Over time, however, the sensitivity of investment to
the combination of cash flow and tangible capital declines. As a result, the investment-cash flow
sensitivity also declines. We verify that, among many variables that can potentially explain the
investment-cash flow sensitivity, tangible capital is the only one that does so satisfactorily. In
particular, we show that the power of tangible capital in explaining the investment-cash flow
sensitivity remains strong after controlling for many factors that proxy for financial constraints,
indicating that the explanatory power of tangible capital is unlikely to be caused by financial

constraints.

The third set of results is about the average autocorrelation of cash flow. Chen and Chen
(2012) show that the average autocorrelation declined over time. We show that in addition to
that, the volatility of unpredicted future cash flow increased over time. These results suggest
that the overall cash flow predictability declined over time. Further tests show that the volatility
of the unpredicted cash flow is positively related to the intangible capital. It is the increased
intangible capital that is responsible for the decline in the cash flow predictability over time,

which in turn explains the decline of the investment-cash flow sensitivity over time.

The fourth set of results reveal the roles tangible capital and intangible capital play in the
productive process and how these roles change over time. Basic static economic models without
adjustment costs imply that the share of a type of capital being used in production positively
depends on its productivity. We estimate the average productivity of both tangible and intangible
capital in a simple model with the Cobb-Douglas type of production function and show that the
average productivity of tangible capital declined over time, while that of the intangible capital
rose in the meantime. These findings explain why the share of tangible capital in total productive
capital declined and why the sensitivity of investment to cash flow through tangible capital also

declined.

We also use several criteria to divide firms into non-exhaustive groups to provide further



evidence on our hypotheses. First, we divide firms into groups with strong and weak cash flow
predictability. Second, we divide firms into groups with relative high tangible and intangible
capital productivity. Third, we divide firms into low-competition industries and high-competition
industries. In each of these classifications, we find that the former group exhibits a much higher
investment-cash flow sensitivity and a much stronger positive effect of tangible capital on this
sensitivity than the latter group. These results indicate that the role of tangible capital in
explaining investment-cash flow sensitivity is closely related to the cash flow predictability, the
productivity of the two types of capital, and the source of cash flow predictability, consistent with
our argument. In the fourth way of classification, we divide firms into old- and new-economy
firms. We show that old-economy firms have greater investment-cash flow sensitivity than new-
economy firms, that old-economy firms still have modest sensitivity even in later years, that old-
economy firms rely more on tangible capital than new-economy firms, and that an average firm in
the sample has declining tangible capital productivity and rising intangible capital productivity,
again consistent with our hypotheses. The fifth way of classification pertains to the interpretation
of the role played by tangible capital. Since tangible capital can be pledged as collateral for issuing
debt, a potential explanation for its effect on the investment-cash flow sensitivity can be given
from the financial constraint perspective (Almeida and Campello 2007). We analyze the role of
tangible capital for financially constrained and unconstrained firms separately to provide evidence
that the explanation from the productivity perspective is more convincing. Finally, we examine
a balanced panels of firms, which have been used in the literature to argue that a changing
firm composition in the data sample does not resolve the puzzle of declining investment-cash
flow sensitivity (Chen and Chen 2012), as these balanced-panel firms also experienced declining
sensitivity. We show that these firms actually have evolved over time in terms of their productive
capital structure. In this sense, the changing firm composition in the data sample does play a

crucial role.

The intended contribution of this paper is to shed light on the puzzle related to the investment-
cash flow sensitivity. The issue of why investment is sensitive to cash flow has been debated in the

literature for nearly three decades and the disappearance of the sensitivity has been confounding



financial economists. We contribute by finding a variable, tangible capital, which completely
explains away the investment-cash flow sensitivity and its declining trend. There is no lack of
plausible theories of why investment-cash flow exists in the literature. However, none of the
studies in the literature has been able to achieve the empirical success presented in this paper.
Although we find some evidence in line with various explanations, our empirical results based
on productive capital structure strongly support the explanation that the sensitivity is a result
of cash flow predictability. There are two papers that also use tangible/intangible capital to
tackle the issues related corporate investment. In discussing the declining investment-cash flow
sensitivity, Brown and Petersen (2009) point out that, while the physical investment declined,
the investment in intangible capital, measured by R & D expenses, actually increased. They
emphasize the switch from physical investment to R & D investment, which is consistent with
the facts presented in this paper, but they do not use tangible capital nor intangible capital as an
explanatory variable to explain the investment-cash flow sensitivity as we do. In fact, a second
theme of Brown and Petersen (2009) is that the improvement in financial constraints makes
the investment-cash flow sensitivity to decline, siding with the financial constraints explanation,
opposite to what we document in this paper. Peters and Taylor (2017) redefine the Tobins q
to include the intangible capital, and then explore how this modification improves the ability of
Tobins q to explain both the physical investment and the investments on the intangible capital.
They find that the modified Tobins Q explains not only the physical investment but also the
investment on the intangible capital much better than the traditional Tobins Q. Their focus is on
the measurement Tobin’s QQ in explaining corporate investment, but not on the investment-cash
flow sensitivity. In fact, with their modifications, the investment-cash flow sensitivity becomes
even larger, which they leave unexplained. Our goal in this paper is to use tangible/intangible
capital to explain investment-cash flow sensitivity, rather than investment per se. Furthermore,
our results do not change even if we redefine Tobins () and other variables in the investment

regression.

The rest of the paper is organized as follows. In Section 2 we briefly review the literature on

the investment-cash flow sensitivity and propose our hypotheses for why the sensitivity declined



and what implications the hypotheses have. Section 3 explains the data and sample selection,
reports descriptive statistics, and describes related background information. Section 4 presents

the empirical results and Section 5 concludes.

2. Literature Review and Hypotheses Development
2.1. Investment-Cash Flow Sensitivity

The neoclassical microeconomic theory derives corporate investment as the solution to a value
maximization problem faced by firms whose production function exhibits constant returns to
scale and adjustment costs. A related theory put forward by Tobin (1969) states that firm’s
investment rate is a function of Q, the ratio of the market value of (an additional unit of)
capital to its replacement cost. Hayashi (1982) unifies the two theories. The Modigliani-Miller
theorem under the perfect market assumption implies that corporate investment decisions are
independent of financing decisions, such as those on internal liquidity, capital structure, and
dividend policy. Myers and Majluf (1984) and Stiglitz and Weiss (1981), however, postulate
that internal funds are much less costly than external funds because of asymmetric information
between firm managers and outside investors. The empirical evidence on their implications is

mixed.

In an influential paper, Fazzari, Hubbard, and Petersen (1988) argue that financing con-
straints affect corporate investment. Let INV and CF be the scaled investment and cash flow
during a period, respectively, and MB be the market-to-book asset ratio, a measure of average
Q. By dividing firms into three classes based on the dividend payout ratio, they find that the

investment-cash flow sensitivity, a in the regression!

INV = ap + a1 MB; ;1 + a2CFy + €4, (1)

Fazzari, Hubbard, and Petersen (1988) define Q as the sum of the value of equity and debt less the value
of inventory, divided by the replacement cost of the capital stock, adjusted for corporate and personal tax
considerations. In subsequent analyses in the literature, most researchers use the market-to-book asset ratio as
the average Q.



is higher for low dividend firms than for high dividend firms, while a; is economically insignif-
icant. In their analysis, low dividend payout is a proxy for financing constraints. As such, the
investment-cash flow sensitivity, as, in the regression model measures the degree of financial con-
straints and corporate investment is affected by financing constraints for financially constrained

firms.?

Kaplan and Zingales (1997) question the appropriateness of interpreting high investment-
cash flow sensitivity as evidence that financial constraints affect investment. They build a simple
model illustrating what is needed for financial constraints to have an effect on investment and
how this is different from a simple regression like (1). In their empirical work, they extract from
annual reports quantitative and qualitative information about whether the firms are financially
constrained. On one hand, only a small fraction of the low dividend firms have reported financing
difficulty. On the other hand, a large fraction of firms that are not financially constrained
according to Kaplan and Zingales’ classification exhibit a large ay in the investment-cash flow
regression. Thus, whether a large as is indicative of financial constraints is called into question.
Later exchanges between the two groups of authors do not settle the debate. Cleary (1999)
designs a sorting scheme for financial constraints based on firm characteristics and finds evidence
supporting the findings of Kaplan and Zingales (1997). In Cleary’s results, financially constrained

firms have smaller investment-cash flow sensitivity.?

While the debate on whether investment-cash flow sensitivity measures financial constraints
continues, researchers have turned to the question of why such sensitivity exists in the first place
if not for financial constraints. The answer is also related to the question of why Tobin’s Q fails

to explain firms’ investment behavior. Poterba (1988) suggests the possibility that cash flow

2Some scholars find similar results based on different measures of financial constraints. For example, Hoshi,
Kashyap and Scharfstein (1991) claim that Japanese firms belonging to certain business groups are easier to obtain
liquidity support from the main banks of the groups. They find that these firms exhibit lower investment-cash
flow sensitivity compared to the stand-alone firms. In a cross-country study, McLean, Zhan and Zhao (2012)
show that firms in countries with better legal protection of investors have lower investment-cash flow sensitivity.
They argue that this result is consistent with the notion that protection of investors reduces the cost of external
financing.

3Grullon, Hund and Weston (2013) provide a granular analysis of the sensitivity and reached the same con-
clusion given by Kaplan and Zingales (1997) and Cleary (1999).
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may capture the marginal Q better than Tobin’s Q.* Alti (2003) builds a neoclassical model
without financial constraints to quantify the effect of cash flow on investment when @ is poorly
measured. The calibration and simulation results show that investment is sensitive to cash flow
and the sensitivity is higher for younger, smaller, higher growth, and lower dividend payout firms.
Tobin’s QQ is more poorly measured for these firms as it captures long-term growth rather than
short-term growth, which has an effect on current investment. Gomes (2001) presents a model
with similar conclusions. Moyen (2004) considers two models, one with financial constraints and
the other without. In the data simulated from both models, the investment-cash flow sensitivity
is observed. This means that both explanations are plausible and thus the debate between the

two schools remains unresolved.?

2.2. Time-series Trend of the Investment-Cash Flow Sensitivity

While the debate about the correct interpretation of the investment-cash flow sensitivity contin-
ues, an interesting development is that this sensitivity declined over time dramatically. While
in the 1960s, the sensitivity coefficient ay stayed at around 0.4, by the 2000s it had dropped to
near zero. Allayannis and Mozumdar (2004) document a sensitivity decline over the 1977-1996
period. They found that the decline is more obvious for financially constrained firms. Investment
is not sensitive to cash flow when cash flow is negative. Agca and Mozumdar (2008) examine the
sensitivity decline in relation to the reduction in market imperfection and claim that the decline
is associated with increasing aggregate institutional fund flows, institutional ownership, analyst
following, anti-takeover amendments and with the existence of a bond rating. The contribution
of the changes in these five capital market factors to the change in the investment-cash flow
sensitivity is rather small, however. When the interactive terms of these factors with cash flow

are added to the investment-cash flow regressions, the sensitivity measures reduce marginally

4There is a large literature on the measurement errors in Tobin’s Q, which could prevent Tobin’s Q from
explaining investment. See Erickson and Whited (2000) and the references therein.

® Almeida and Campello (2007) consider the credit constraints on the investment-cash flow sensitivity. Das-
gupta, Noe and Wang (2011) examine the intertemporal effects of cash flow on the investment and non-investment
uses of cash. Povel and Raith (2004) discuss the effect of asymmetric information. Dasgupta and Sengupta (2007)
discuss the same issue in a multi-period framework. The latter two studies assume unobservability of investment
and both find a non-monotonic relation between investment and cash flow.



and the goodness-of-fit measures increase only slightly. Chen and Chen (2012) note that the
investment-cash flow sensitivity disappeared also during the 2007-2009 financial crisis when fi-
nancial constraints were strongly binding. Therefore, the sensitivity cannot possibly be due to
financial constraints. They report that the decline in the investment-cash flow sensitivity is very
robust and cannot be reconciled by explanations proposed in previous studies. For example, the
decline in the sensitivity occurs for small and large firms, young and old firms, firms with nega-
tive and positive cash flows, firms with and without credit ratings, firms with different corporate
governance practices, and firms with different market power alike. The cash flow sensitivity de-
clined over time for both physical investment and R&D investment. While measurement errors
in Tobin’s Q are ultimately the reason for the investment-cash flow sensitivity’s existence in the

first place, the reason for its decline remains, by and large, a mystery.

2.3. Our Hypotheses Based on Productivity of Tangible and Intan-
gible Capitals

The decline in the investment-cash flow sensitivity over time provides an opportunity for re-
searchers to find out why it existed in the earlier years. Our hypotheses are based on the notion
of productive capital structure. The productive capital structure refers to the mix of productive
capital: tangible capital and intangible capital.® That intangible capital plays more and more
important role in production has been well discussed in the literature. Corrado and Hulten (2010)
and Corrado, Hulten and Sichel (2009) study the effect of intangible capital on the growth rate
of aggregate output. Bloom and Reenen (2007) and Lev and Radhakrishnan (2005) study its
effect on firm-level productivity. Hulten and Hao (2008) and Eisfeldt and Papanikolaou (2013,
2014) study its effect on equity valuation. Falato, Kadyrzhanova and Sim (2013) study its effect
on cash hoarding behavior and the corporate investment as well. Srivastava (2014) discusses the

effect of rising intangible capital on the earnings quality over time.

Our main idea is that the product markets have evolved over time and, along with this, the

6Tt is to be distinguished from the financial capital structure, which refers to the mix of various types of
financial assets firms issue to raise funds: equity, debt, and their hybrid. The tangible capital is also to be
distinguished from non-productive tangible assets such as inventories and cash holdings.



production technologies have changed. More new products and services have emerged which rely
more on innovative research and development. The productive capital structure has tilted more
towards intangible capital, and the environment firms operate in has become more competitive.
The predictability of future cash flow from the current cash flow in the later years is reduced.

This causes the investment in tangible capital to be less traceable from the current cash flow.

The US economy in the past fifty years has experienced tremendous changes. Traditional
industries declined in their importance, making way for new industries. In the early years of
the sample period, old-economy firms dominated, producing more or less standardized prod-
ucts. Since the 1960s, new-economy firms have emerged, producing consumer electronics, med-
ical equipment and health products, computers and software, mobile phones, etc. These new
products were made possible through enormous efforts invested in research and development
activities. As more new-economy firms got listed on exchanges, the overall productive capital
structure changed. Tangible capital now plays a smaller role in production, while knowledge-
based intangible capital has become more essential to economic growth. In fact, not only are
new-economy firms conducting research and development, some of the old-economy firms are
also developing newer products and changing their productive capital structure in order to gain

market shares.”

Associated with new products and new technologies is the competition among firms. Whether
a product or a firm can survive depends not only on the absolute quality and cost structure of its
product, but also on its relative advantage to competitors. While this is also true for old-economy
products and firms, it is more relevant to new-economy ones, as research and development involve
higher degrees of uncertainty, products’ life-span is much shorter, and consumers’ tastes keep
changing. During the process of creative destruction, new-economy firms not only edge out old-
economy firms, they also compete head-on among themselves in gaining market shares. As a
result, many less successful firms, especially those smaller, newer ones, have a hard time making

profits, even if their business plans are sound and their market valuations are high. This is

7A case in point is Nike, an athletic footwear and apparel maker, which officially belongs to a traditional
industry, but has developed all kinds of high-tech gadgets related to sports and health, and is rightfully called a
high-tech company in a Bloomberg Businessweek article by Brustein (2013).
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reflected in the increased average cash flow volatility.

We hypothesize that the pattern in the time-series of the investment-cash flow sensitivity is
a reflection of changes in cash flow predictability and the role productive capital structure plays.
In the early years of our sample, the economy was dominated by old-economy firms, future cash
flow can be predicted from current cash flow and the productive capital structure was heavily
tilted towards tangible capital, as the output was mainly generated from the tangible capital. In
the later years of the sample, however, the product market changed. Many new-economy firms
that produced new products did not rely on tangible capital as much as the old-economy firms
did. Even for some old-economy firms the productivity of tangible capital declined. As such,
the physical investment rate declined, causing the share of tangible capital to drop. It should
be noted, however, that not only has the composition of the firms been changing, the relative
productivity of tangible and intangible capital and the productive capital structure of a given

firm may also have been evolving over time.

In standard macroeconomics, a firm employs multiple productive factors, such as capital,
labor, land, etc., to produce. The most popular type of production function is of the Cobb-

Douglas type with constant returns to scale. For our purpose, let
Sales;; = Ay TCf;_lle’i_l, (2)

where Sales;; is firm i’s sales or total revenue, 7'C;,_; is tangible capital, IC;;_; is intangible
capital, unscaled by firm size, and A;; captures the productivity shock and other productive
factors. The proportional marginal products of tangible and intangible capital are captured by
c1 and ¢ respectively. Without adjustment costs, firms adopt the levels of tangible and intangible
capital, which are positively related to their productivity, to maximize profits. While a dynamic
model with adjustment costs is beyond the scope of this paper, it is not difficult to understand the
logic behind an extended Q theory in which there are multiple productive factors, including both
tangible capital and intangible capital, and the rate of investment (employment of additional
productive factors) is determined by its marginal Q. As the marginal product of tangible capital

relative to other productive factors varies across firms and over time, the physical investment

11



rate and R&D investment rate will also vary. As a result, the productive capital structure
contains information about the marginal products of various types of capital. As argued by
other researchers, cited in the literature review, investment may vary with cash flow because
cash flow can provide information about marginal . What we add to this argument is that
the link between physical investment and cash flow also depends on tangible capital because it

contains information about the marginal Q with respect to tangible capital.®

While our hypotheses are intuitive, testing them is not an easy task. The difficulty lies in
the unobservability of the productivity of tangible and intangible capital at a given point in time
and at the firm level. This is deeply rooted in the difficulty of measuring marginal () in general.
In addition, intangible capital itself is difficult to measure. We proceed with our tests of the

implications from our hypotheses with these difficulties in mind.

The implications from our hypotheses are stated in terms of the following regression equations.

First, we extend the standard investment regressions as follows:
INVi: = ag+ aMB;i—1 + asCFy 4+ a3CF,TC; 1 + ayx; ;1 CFi + €4, (3)

where TC,; ;_; is the tangible capital of firm 7 at the end of year ¢ — 1, scaled by its total assets,
x;; 1s a vector of other variables that can potentially provide alternative explanations for why
the investment-cash flow sensitivity exists, and a4 is the corresponding coefficient vector. The
identity of x;; will be specified later. When the models are estimated over different subperiods, our
hypotheses have certain implications for the parameters of the regression models. As documented
in many studies cited in the literature review, when the model is estimated without interactive
terms, ao declines over time. Under our hypotheses, when the model is estimated with the
cross-product term CF;;TC,;;_;, its coefficient a3 should be positive and significant, while the
significance of ay in early years should be weakened. In addition, if the hypotheses are true, the
fact that the investment-cash flow sensitivity, as in (1), is reduced over time could be attributed

to two possible reasons. First, the sensitivitys reliance on tangible capital, az in 3), is reduced

8Mechanically, more cash flow spent on R&D, less will be spent on physical investment. Brown and Petersen
(2009) discuss this effect. The hypothesis proposed here goes beyond that by emphasizing the productivity of the
two types of capital in generating future cash flow.
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over time. Second, the scaled tangible capital itself declined over time.

Next, we will examine the autoregression model of cash flow
CFit = by + 0:CF; 41 + &it. (4)

The autoregressive model has been used by Chen and Chen (2012) to argue that cash flow as a
proxy for future profitability is most able to explain the investment-cash flow sensitivity. Besides
the autoregressive coefficient by, the standard deviation of future cash flow which cannot be
predicted from the current cash flow also indicates how informative current cash flow is about
future cash flow. We examine how cash flow volatility depends on tangible and intangible capital

by estimating the coefficients in the regression
f?t =eo+e1TCi1 +edCip1 + & (5)

Here, our hypothesis is that the risky nature of firms with high intangible capital has a positive

effect on their cash flow volatility.

To trace the evolution over time of the average productivity of tangible and intangible capital,

we consider the log version of (2) as follows:
InSales;y = co+enTCipq 4+ colnIC; 11 + Na, (6)

where ¢g = E'ln A;; and 1;; = In Ay — ¢g. The parameters ¢; and ¢o measure the percentage in-
crement of sales for a one-percent increase in tangible capital and intangible capital, respectively.
Under our hypotheses, ¢; would decline, while ¢, would rise over time, indicating the declining
productivity of tangible capital and rising productivity of intangible capital in the production

process.

While the importance of intangible capital has been recognized in the literature, there are
few studies which study its connection to investment-cash flow sensitivity. Two papers touch
upon the issue and we differentiate our work with theirs below. The first one is by Brown and
Petersen (2009) who notice the decreasing share of physical investments and increasing share

of R&D investments over time. Taking the stand that the investment-cash flow sensitivity is

13



due to financial constraints, they argue that this would lead to declining physical investment-
cash flow sensitivity and rising R&D investment-cash flow sensitivity. The latter is not borne
out by the data in their paper and they resort to the increasing ease in issuing equity (i.e.,
relaxing financial constraints) to reconcile their empirical results. In our view, reduced share
of physical investment with the sum of physical and R&D investments unchanged will either
leave a firm’s financial constraint unchanged or cause the firm more financial constrained as less
tangible capital can be pledged as collateral. Therefore, it will either increase, or at least not
decrease, the investment-cash flow sensitivity through the channel of financial constraint. In
our hypotheses, the effect of changing productive capital structure works through the channel
of capital productivity, different from that in Brown and Petersen (2009). Most implications

generated from our hypotheses cannot be generated from the financial constraint hypothesis.

The second paper is by Peters and Taylor (2017) who redefine Tobins @ to include intangible
capital and explore how this modification improves the ability of Tobins Q to explain both the
physical investment and the investment on the intangible capital. The intangible capital in
their study includes not only the R&D capital but also other types of intangible capital such as
the organization capital. They find that the modified Tobins Q explains not only the physical
investment but also the investment on intangible capital much better than the traditional Tobins
Q. However, while the modification of Tobins QQ improves its explanatory power, the investment-
cash flow sensitivity remains significantly positive with a even larger magnitude. In short, the
modification by Peters and Taylor (2017) improves Tobin’s Q but exacerbates the puzzle of
physical investment-cash flow sensitivity. Our work focuses on resolving the puzzle through the

angle of productivity of tangible capital.

3. Data and Descriptive Statistics
3.1. Data, Variable Construction and Sample Selection

We construct our main sample based on the manufacturing firms (SIC codes from 2000 to 3999)

in the COMPUSTAT annual file from 1967 to 2016. Following Chen and Chen (2012) a firm is
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regarded as a high-tech firm if its three-digit SIC code is 283, 357, 366, 367, 382, or 384. We
define the physical investment (INV) as the capital expenditure (COMPUSTAT item, CAPX)
of a firm-year (i,t), scaled by the total assets (COMPUSTAT item, AT) at the beginning of the
year. The cash flow (CF) for a firm-year (i,¢) is the sum of the income before extraordinary
item (COMPUSTAT item, IB) and the depreciation (COMPUSTAT item, DP) scaled by the
beginning-of-the-year total assets. The market-to-book ratio (MB) of a firm is the ratio of
the market value of total assets to the book value of total assets. The market value of total
assets is the market capitalization (COMPUSTAT items, CSHO*PRCC_F), plus total assets,
minus common equity (COMPUSTAT item, CEQ), minus deferred taxes (COMPUSTAT item,
TXDB). To make our results comparable to those in the literature, only firm-years that have
relevant data to compute investment, cash flow and the market-to-book ratio are included in our
sample. To be consistent with Chen and Chen (2012), we exclude firm-years for which we cannot
calculate the lagged cash flow. Following Almeida, Campello and Weisbach (2004), we eliminate
firm-years for which the sales growth or the asset growth exceeds 100 percent to avoid structural
changes in the business of the firms. To ameliorate the effects from the outliers, for each firm-year
we require that the net capital (net property, plant and equipment), book assets and sales in the
previous year be equal to or greater than $1 million. Furthermore, all variables, when used in
the regressions, are winsorized at the one-percent level at both tails of the distribution for each

year.

In our paper, tangible capital is the net property, plant and equipment (COMPUSTAT item,
PPENT), scaled by the total assets at the beginning of the year. We aggregate three intangible
capital variables to form the intangible capital. The Compustat Intangible Capital (CIC) is the
intangible assets maintained by Compustat (COMPUSTAT item, INTAN). This item consists
mostly of the excess of cost over assets acquired. Put differently, it measures how much a firm
has paid for the assets of some target firms in excess of the book value of the assets of those
target firms. In most of the cases an acquiring firm pays market-based extra for a target firm’s
brand name, copyrights, patents or other “intangible assets”. The market-determined value in

excess of book value reflects the asset’s ability to generate profits in the future.
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The second variable is the stock of R&D capital (RDC). We define this variable by capitalizing
the annual expense in research and development activities using the perpetual inventory method.

Specifically the R&D capital is calculated in accordance with the following equation:
RDC,;y = (1 — prp)RDC; 41+ RD;,,

where RD;; is the R&D expense (COMPUSTAT item, XRD) of firm ¢ in year ¢ and pgp is the
depreciation rate used for R&D capital. We borrow from Li and Hall (2016) and Peters and

Taylor (2017), by setting ugp an industry-wide parameter.’

The third variable is the stock of organizational capital. Eisfeldt and Papanicolaou (2013)
and Peters and Taylor (2017) define firm-level organizational capital in a way similar to the
definition of R&D capital. Borrowing their method we calculate organizational capital (OC) by
accumulating 30 percent of the selling, general and administrative expense in each year over time

as follows:

OCiy = (1= p10c)OC; -1 + 0.3 SG&A;,

where SG& A, ; stands for the selling, general and administrative expense (COMPUSTAT item,
XSGA) of firm ¢ in year t and poc is the depreciation rate for organization capital, set to 25%
as in FEisfeldt and Papanicolaou (2013). Peters and Taylor (2017) argue that only 30 percent of
the SG&A should be treated as investment on the organizational capital. Our definition follows

their suggestion.

Each of the measures defined above captures some aspect of intangible capital, but none of
them is perfect. While CIC captures the intangible capital a firms has paid to acquire another
firm, it does not capture the firm’s own effort made in building its intangible capital. For firms
that did not acquire other firms, this can be a serious issue. The main problem with RDC is
that some newly listed, small firms do not bother to report their research and development and,
as a result, their intangible capital is underestimated by RDC. Another obvious deficiency of

RDC('is that it only records the effort a firm has put into building its intangible capital without

9In the earlier version of the paper, we follow Hall, Jaffe and Trajtenberg (2005) and Faloto, Kadyrzhanova
and Sim (2013) by setting urp = 15% for all firms. The results are not very sensitive to the choice of pugp.
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considering how effective that effort is. The same issue exists for OC. The perpetual inventory
method, which uses a single constant rate over the entire sample period and across all firms to

discount past expenses, is also subject to serious challenges.

We define intangible capital, IC, as the sum of the three variables, CIC, RDC, and OC,
as each of these variables captures some aspect of the intangible capital which do not seem to
overlap. In the sample we described earlier, less than 0.2% of firm-year observations end up

having zero IC. These firms are deleted in order to facilitate the sales regressions.’

Following the literature (Aghion, Bloom, Blundell, Griffth and Howitt 2005 and Aghion, Van
Reenen and Zingales 2013), we use the inverse Lerner index, 1 — L, to define the competitiveness
of the industry, where the Lerner index L is the median value of profit margins of individual firms
within the industry. Profit margin is calculated as operating income (Compustat item OIBDP)
divided by total sales (Compustat item SALE). The above-mentioned studies show that the
inverse Lerner index is a better measure of competition than other commonly used measures,

such as the Herfindahl index of an industry.

3.2. Descriptive Statistics

During the sample period from 1967 to 2016, the number of manufacturing firms listed on the
major US exchanges increased steadily towards 2000 and then declined after the so-called high-
tech bubble. By 2016, the number of manufacturing firms was similar to that in the late 1980s.
Figure 1 plots the number of manufacturing firms that are classified as high-tech firms and the
number of firms that are listed on the major exchanges. These plots show that, by and large, the
number of manufacturing firms listed on NYSE and AMEX declined over time, while the number
of manufacturing firms listed on NASDAQ increased until 1998 and slightly declined afterwards.
The trends in the number of listed high-tech manufacturing firms are similar to the trends in the

number of firms listed on NASDAQ.

10Tn an earlier version, we maintained these firms and used 1+IC instead of IC in the sales regressions. The
results are virtually the same.
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Figure 1 here

Table 1 reports the descriptive statistics of the key variables used in this paper. Panel A lists
the panel means. The average physical investments as a fraction of total assets, INV, declined
from roughly 7% at the beginning of the sample period to roughly 4% by the end of the sample
period. The market-to-book asset ratio, MB, is higher in the later years of the sample than in
the earlier years, indicating that more growth firms are present in the sample in the later years.
The average cash flows as a fraction of total assets, CF, sharply declined from more than 11%
to around zero. '' During the sample period, the average tangible capital as a fraction of total
assets declined from 33% to 21%. On the other hand, the means of all three intangible capital
variables increased from 36% to 94%. The magnitudes of total assets-scaled CIC and RDC were
small to begin with but increased quickly, while that of OC was large but increased modestly. As
a result, IC, which is the sum of CIC, OC and RDC, is dominated by OC most of the time, but
its change over time is attributed mainly to CIC and RDC. As explained before, the magnitudes
of these intangible capital measures are subject to scrutiny. However, the pattern of the changes
over time, especially compared with that of TC, provides valuable hints on what has changed in

the productive capital structure.

The standard deviations of the key variables in Panel B provide further descriptions. While
the mean of cash flow declined, the standard deviation increased. Accompanying the increased
cash flow variations are the increased variations in the three intangible capital measures, hinting
that the increased cash flow variations may have something to do with the increased, but diverse,

intangible capital.

Table 1 here

Table 1 also reports the means and standard deviations of several variables that are potentially

useful in explaining the investment-cash flow sensitivity. The WW index is constructed according

UThe ratio of average investment to average cash flow, INV/CF, actually increased from 7/11 in the first
ten-year subperiod to a huge number in the last ten-year subperiod, due to the shrinking average cash flow,
contrasting the declining investment-cash flow sensitivity, AINV/ACF. It suggests that the declined investment-
cash flow sensitivity cannot be easily explained by the declined average of total-assets-scaled investment.
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to Whited and Wu (2006) to capture the degree to which a firm is financially constrained. The
WW index is based on a GMM estimation of the investment Euler equation to measure firm-level
financial constraints. It is a linear combination of six variables: cash flow, dividend dummy, firm
size, leverage, firm sales growth and industry sales growth. Leverage (LV) is the book value of
debt divided by the book value of total assets. While leverage is included in the WW index,
it has a special role to play and deserves our attention. Cash holding (CH) is the amount of
cash equivalent a firm has at the beginning of the year, scaled by total assets. Working capital
(WC) is also scaled by total assets. Firm size (SZ) is the log of total assets. Cash flow volatility
(CV) for a firm-year is the standard deviation of scaled cash flow, CF, during the previous
five years.!? The relevance of these variables will be explained later when they are used in the
investment regressions. We note here that some of the variables do have time trends in their
mean and standard deviation, which can be important for explaining the declining pattern in

the investment-cash flow sensitivity.

4. Empirical Results
4.1. Empirical Methodology

In this section, we present the empirical results. The investment regressions describe the role
tangible capital plays in explaining the investment-cash flow sensitivity. The cash flow regressions
and sales regressions add supportive evidence to the hypotheses that the sensitivity came from
the predictive power of current cash flow for future cash flow and that the investment-cash flow

sensitivity declined because the productivity of tangible capital declined.

The issues with the investment-cash flow sensitivity are typically analyzed in regressions of
pooled observations on cross-sectional firms and over time. Our theme that the investment-cash
flow sensitivity can be explained by tangible capital also involves both differences across firms

and their changes over time. In order to show that the investment-cash flow sensitivity is not

12By construction, WW=-0.091* cashflow - 0.062*dividend dummy + 0.021*leverage - 0.044*size + 0.102*in-
dustrial sales growth - 0.035*firm sales growth.
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confounded with other firm-specific variables, the regressions are typically run with firm fixed
effects. Following the literature, we estimate the investment, cash flow, and sales regressions
with firm and year fixed effects. The regressions are estimated over ten-year subperiods and the
coefficients for subperiods are reported to show the change. We implement firm fixed effects by
subtracting the time-series mean from each variable in the entire sample period before running
regressions.'® To illustrate cross-sectional differences, we rely on subsamples that classify firms
into different categories and report the results for each category. In all regressions, estimated

parameters should be interpreted as average of the firm-specific parameters within the sample.

4.2. The Role of Tangible Capital in Investment Regressions

We examine the investment regressions (1) first and report the results in Panel A of Table 2. The
slope coefficients, a;, of the market-to-book ratio, MB; ;_;, are statistically significant throughout
the entire sample period. They are economically insignificant, however, having values close to
0.01, whereas the theoretical value is one under the simplest model with a constant return-to-
scale production function and without adjustment cost in Q-theory. Since a large literature exists
on the measurement errors of QQ and it is not the focus of the current paper, we will not discuss
the coefficient of the market-to-book ratio in the remainder of the paper, but we keep MB;;_;
in all the investment regressions as a control variable. The slope coefficient, as, of cash flow
is significantly positive in each of the ten-year subperiods, but the magnitude steadily declines.
Both the t-ratio and R? are substantially reduced in the later subperiods. The high investment-
cash flow sensitivity in the early periods and its decline over time are the main features to be

explained in this paper.

Table 2 here

From regression model (3) with the added cross-product term of beginning-of-period tangible

capital and cash flow, reported in Panel A, we find three very important results. First, the slope

13The adjusted R? with such a treatment would appear smaller than those in regressions with firm dummy
variables.
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coefficient, as, of the cross-product term itself is significantly positive in each of the subperiods.
This result implies that the well-documented positive investment-cash flow sensitivity is a func-
tion of tangible capital. Firms with higher tangible capital tend to invest more heavily when they
have stronger cash flow, displaying a higher investment-cash flow sensitivity. Second, the slope
coefficient of the linear term of cash flow, as, becomes much less significant, both economically
and statistically, after controlling for the cross-product term. In other words, the investment-cash
flow sensitivity is mainly associated with firms having a high tangible capital. The third result
is that the slope coefficient, a3, of the cross-product term of tangible capital and cash flow shows
a pattern of decline over time. This pattern clearly demonstrates that the declining trend in the
investment-cash flow sensitivity documented by Brown and Petersen (2009) and Chen and Chen
(2012) is the outcome of a combination of two phenomena. One is declining (scaled) tangible
capital. Since (3) simply extends (1) by claiming that the investment-cash flow sensitivity is a
linear function of tangible capital, as+as TC,;;_1, even if az does not change over time, as TC; ;1
declines over time (as shown in Table 1) the sensitivity would decline. The other phenomenon is
a declining ag itself, as indicated in Panel A. We will further explain why the effect of tangible
capital declines for a given level of tangible capital by looking at how cash flow predictability and
tangible capital productivity have changed over time in a subsection below. The combination of
a declining tangible capital and its declining effect on the investment-cash flow sensitivity causes

the sensitivity to also decline over time.

Since tangible capital explains the investment-cash flow sensitivity, one wonders whether it
explains investment itself. We digress from the sensitivity issue and look into this. Panel B of
Table 2 presents the results of regressing INV;, on TC;,_;, as well as on MB,;_; and CF,,. It
shows that variations in tangible capital do have some explanatory power for physical investment
with a two-way causality: firms with high tangible capital productivity will invest more in
tangible capital; large physical investment will also result in a large tangible capital. Note that
TC, -1 is virtually uncorrelated with MB;;_; and CF;; in the panel. The explanatory power of

MB;;_; and CF;; for investment is basically unchanged when TC,;_; is added in the regression.
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So how much does the explanatory power of TC;;_; for INV; contribute to explaining the
investment-cash flow sensitivity? Panel B also reports the regression with both linear and cross-
product terms of CF;; and TC,;;_;. It shows that the linear term of TC,;_; does not affect, nor is
it affected by, the cross-product term, CF*TC. The reason TC;;_; explains the investment-cash
flow sensitivity is not because it explains investment itself. Since we are interested in explaining
the sensitivity, we will not involve the linear term of TC;;_; in the investment regression in the

rest of the paper.

Panel C of Table 2 is a recast of Peters and Taylor (2017) results in our framework, where the
numerator of the modified cash flow C'F includes expenses to increase intangible capital (i.e., R
& D and 30% of SG&A), and the modified total assets (the denominator of INV,CF,MB, TE)
include intangible capital. The result in the first regression shows that the role of market-to-
book assets indeed has increased explanatory power, though not large, but the sensitivity of the
investment to cash flow becomes more significant. The result in the second regression with the
cross-product term COF +TC shows that modified tangible capital ratio still explains much of the

sensitivity.

4.3. Alternative Explanations with Other Variables

Studies in the literature have documented that the many firm characteristics have evolved over
the decades in addition to tangible capital. These characteristics may affect both the capital
investments and the investment-cash flow sensitivity. Our parsimonious specifications above do
not include these firm characteristics. We examine these characteristics here and see whether
our previous results are robust to the addition of these variables and whether they can provide

alternative interpretations.

Since the ongoing debate concerns whether the existence of the sensitivity indicates financial
constraints, we consider a few variables that represent financial constraints. The most popular
one is firm size because it is the most visible indicator of a firm’s credibility in the financial

market. It has been shown in the literature that the WW index also captures many aspects of
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financial constraints. A higher value of the WW index means that the firm has more financial
constraints. If the investment-cash flow sensitivity arises from financial constraints, the cross-

product term of the WW index and cash flow should carry a positive coefficient.!4

Leverage reflects the reliance of a firm’s financing on debt. Leverage is positively related to
financial constraints in the WW index. High leverage firms have difficulty in raising further funds.
Given their assets, high leverage firms pay more interest out of cash flow, so their investment relies
more on cash flow. Therefore, if financial constraints are the main driver of the investment-cash
flow sensitivity, the cross-product term of LR;;_; and CF;; should have a positive coefficient. On
the other hand, high leverage firms face the debt-overhang problem which may adversely affect
investment, although its effect on the investment-cash flow sensitivity is unclear. In addition,

leverage serves as a control variable for examining the effect of other variables.

Bates, Kahle and Stulz (2009) find that the average cash holdings (cash-to-assets ratio) of
U.S. firms have more than doubled from 1980 to 2006, a pattern also seen in Table 1 over our
sample period. If the investments of financially constrained firms truly rely on internal cash
flows, a higher level of cash holdings as internal funds would definitely reduce the reliance of

investment on cash flow, and hence reduce the investment-cash flow sensitivity.

Bates, Kahle and Stulz (2009) also regard working capital as a liquid asset, and a substitute for
cash holdings. Therefore if financial constraints matter for investment, working capital should
have a negative effect on the investment-cash flow sensitivity. Working capital declined on

average, however, over the sample period.

Besides variables associated with the financial constraint explanation, we also look at a vari-
able associated with the ) theory explanation. Brown and Petersen (2009) observe that firms
tend to spend more on R & D over time and this creates a crowd-out effect to the spending on
physical investment. A large number of papers have been devoted to studying how firm-level
cash flow volatility affects corporate investments. Wang, Xiao and Zhang (2014) find evidence

that the rising volatility of firm fundamentals contributes to the decline in investment-cash flow

14We also use the index by Hadlock and Pierce (2010) which heavily relies on firm size and age. While the
index is quite different, the results are remarkably similar and are not reported.
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sensitivity. In our sample the mean of firm-level cash-flow volatility quadrupled from 1967 to
2016, which might also cause both the capital investment and the investment-cash flow sensitivity

to decline.'

We test how the firm characteristics, WW index (WW), leverage (LR), cash holding (CH),
working capital (WC), firm size (SZ) and cash flow volatility (CV), affect the investment-cash flow
sensitivity, individually and collectively, in comparison with tangible capital. Panel A of Table
3 reports the results of the investment regressions using these variables collectively without TC.
The results can be summarized as follows. (A) From the sign of the WW*CF coefficient, more
financially constrained firms tend to have lower investment-cash flow sensitivity, inconsistent
with the financial constraint explanation. (B) From the sign of the LR*CF coefficient, firms
with higher leverage tend to have lower sensitivity, also inconsistent with the financial constraint
explanation.'® (C) From the sign of the CH*CF coefficient, firms with greater cash holding tend
to exhibit lower sensitivity, consistent with the financial constraint explanation. (D) From the
sign and significance of the WC*CF coefficient, firms with more working capital tend to exhibit
lower sensitivity in the first two ten-year subperiods, consistent with the financial constraint
explanation, but the effect disappears later. (E) From the sign of the SZ*CF coefficient, large
firms in the first and last subperiods tend to have lower sensitivity, but the effect is not stable.
(F) From the sign of RD*CF coefficient, the crowd-out effect proposed by Brown and Petersen
(2009) is present, except for the first ten-year period. (G) From the sign of the CV*CF coefficient,
firms with more volatile cash flow tend to have smaller sensitivity, consistent with the ) theory.
(H) Most importantly, without the TC*CF term, these additional variables do not reduce the
sign and significance of CF itself, which measures the part of the investment-cash flow sensitivity

that is not explained by other variables, from those in Panel A of Table 2 at all. They contribute

15Cash flow volatility may also have implications for financial constraints. Minton and Schand (1999) find that
firms with a higher level of cash-flow volatility are associated with a lower level of capital investment. They argue
that firms with more volatile cash flows are more likely to experience funding shortfalls, in which case they tend to
forgo investment projects. We use cash flow volatility mainly for control purpose, without attempting to identify
the channel through which cash flow volatility affects investment-cash flow sensitivity.

16Tf the linear term LR is included in the regression, its coefficient is significantly negative, consistent with
the debt-overhang prediction. The coefficient of LR*CF remains negative, albeit less significant, so the effect
predicted by the financial constraint explanation of the investment-cash flow sensitivity is absent.
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to influence the sensitivity, with signs in the wrong direction in some cases, but they are far from
being able to fully explain why the sensitivity existed and why it declined. This includes the
crowd-out effect of R & D and the effect of cash-flow volatility.

Table 3 here

Panel B of Table 3 reports the investment regression in which the cross-product term of cash
flow and tangible capital is added together with the other cross-product terms. Three results
stand out. First, the coefficient of the cross-product term with tangible capital remains signifi-
cantly positive in all subperiods. Second, the coefficients of cash flow itself become statistically
insignificant, as we have seen in Table 2. Third, some variables that appear to be consistent with
one of the explanations in the regression without TC*CF either lose their explanatory power
completely. These results clearly show that tangible capital is the only variable among those

being considered that can explain the investment-cash flow sensitivity and its decline over time.

4.4. Cash Flow and Sales Regressions

If the investment-cash flow sensitivity reflects the predictive power of current cash flow for future
cash flow and a declining sensitivity reflects a declining predictive power, it should be obvious
from the cash flow autoregressions. Panel A of Table 6 reports the cash flow autoregressions for
the subperiods for the full sample. It shows that the autoregressive coefficient, represented by by,
is indeed strongly significant in all subperiods, but declining over time. Chen and Chen (2012)
illustrate the declining pattern of b; graphically. The result reported here is consistent with
theirs. Besides the autocorrelation coefficient, another measure that conveys the same message
is the residual variance, o¢, reported for each regression for a subperiod. This is an aggregated
version of CV used in the previous subsection. Over the five ten-year subperiods, the aggregate
residual volatility has increased. This increased cash flow conditional volatility makes future cash

flow increasingly less predictable, contributing to the declining investment-cash flow sensitivity.

Table 4 here
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Panel B of Table 4 reports the results of regressing the squared error term from the autore-
gressive model of cash flow, £, on scaled tangible capital TC;;_; and intangible capital IC;, ;.
The magnitude of the error is found to be insignificantly related to TC,;_1, but positively related

to IC;;_1.'" The results indicate that as intangible capital of a typical firm increases over time,

its cash flow risk also grows.

4.5. Productivity of Tangible and Intangible Capital

The extended Q-theory explanation of the investment-cash flow sensitivity in this paper is based
on the productivity of tangible and intangible capital. In this section, we make an attempt to
estimate the productivity to further examine the validity of the extended Q-theory explanation.
As we have explained before, estimating the productivity using data at the firm level is challeng-
ing, so the analysis should be viewed as simply exploratory. Panel A of Table 5 reports the sales
regressions (2) in subperiods for the entire sample, treating the productivity as an economy-wide
parameter. It shows that the productivity of tangible capital, represented by c;, is strongly
significant in all subperiods, but declining over time. The productivity of intangible capital,
represented by ¢y, is also significant in all subperiods and increasing over time. These patterns

are consistent with our hypotheses.!8

Table 5 here

The sales regression is also estimated at the firm level within industries, with productivity
treated as a 3-digit SIC industry-wide parameter. There are 127 such industries. Panel B of
Table 5 reports the mean and standard deviations of the estimates across industries. The mean

estimates of ¢; and ¢y are close to the economy-wide estimates. The standard deviations, however,

1"The reason that TC, +—1 is insignificant is partly because both TC and IC are scaled by total assets, which
mainly consist of tangible assets. If TC and IC are replaced by a single variable, the tangible capital ratio defined
as TCR; 1—1 = TC;—1/(TC; -1 +IC; +_1), then £ would be negatively and significantly related to TCR; ;—1.

8There is evidence, however, that co is underestimated. It has been well documented by Fama and French
(2004), for example, that newly listed high-tech firms have left-skewed earnings. This is also true for sales. This
causes a downward bias in the OLS estimate of co. We are more curious about the trend over time, rather than
its absolute magnitude, however.
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are large, especially for the productivity of intangible capital.'?

The results presented in Table 5 are broadly consistent with our hypotheses. As we have
argued, the nature of U.S. firms has changed profoundly over time. They are now relying more
on new technologies and face more fierce competition than before. As more intangible capital-
intensive firms enter the sample, tangible capital plays a less essential role, so the firms invest
relatively less in physical capital, causing the share of tangible capital to decline. Meanwhile,
current cash flow has less predictive power for future profitability. Therefore the investment-cash

flow sensitivity declines over time.

5. Extensions

In this section, we adopt measures related to cash flow predictability and capital productivity, and
some other measures to sort firms into subsamples, show their basic characteristics and examine
their investment, cash flow and capital productivity in connection with their tangible/intangible
capital. We aim to provide a multifaceted picture of the causes that underlie the investment-cash

flow sensitivity and its decline over time. To save space, we only discuss the crucial results.

5.1. Cash Flow Predictability

To gain further evidence on the role of cash flow predictability in explaining the investment-cash
flow sensitivity, we look at the subsamples divided by the predictability. Within each of the ten-
year subperiod, firms with more predictable cash flow are defined as firms whose slope coefficient
in the cash flow autoregression is in the top 30% and whose residual standard deviation is in
the bottom 30%, while firms with less predictable cash flow are defined as firms whose slope
coefficient of the cash flow autoregression is in the bottom 30% and whose residual standard
deviation is in the top 30%. The division is obviously non-exhaustive. Panels A and B of Table

6 report the mean and standard deviation of the key variables for these two groups of firms

19Some estimates of ¢y are negative, which does not make sense from the ex ante perspective. On the other hand,
the magnitude of the errors o, becomes smaller here, because the model is more flexible and allows parameters
to vary across industries.
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separately. The descriptive statistics show that the investments of these two groups are not very
different. The group with less predictable cash flow tend to be growth firms in later years whose
average cash flow is negative. Its average tangible capital shrank to half of its initial value while
its average intangible capital quadrupled. The variation in cash flow and intangible capital is

also visibly much higher for the group with less predictable cash flow.

Table 6 here

Panel C of the table reports the results of investment regressions for the two groups of firms.
It confirms that the investment-cash flow sensitivity is much higher for the group with more pre-
dictable cash flow than for the group with less predictable cash flow. Even in the later subperiods,
the sensitivity for the group with more predictable cash flow is significant. Furthermore, tangible
capital has a significantly positive effect on the investment-cash flow sensitivity for firms with
more predictable cash flows, but a generally insignificant effect for firms with less predictable cash
flows. This is consistent with our argument that tangible capital explains the investment-cash

flow sensitivity because it is closely related to the predictability of cash flow.

The results in Panel D are obvious by construction. The results in Pane E show that the
group with more predictability, its TC productivity starts high but declines over time, while
its IC productivity starts low but increases over time, like what has documented for the entire
sample. The uncertainty is relatively small and stable over time. The group with less predictable
cash flow has its intangible capital productivity relatively higher and its productivity for both
capitals remaining stable over time. The uncertainty, however, is relatively high and increases

over time.

5.2. Capital Productivity

We form two non-exhaustive groups of firms based on capital productivity. The firms with high
TC productivity and low IC productivity are firms in industries whose ¢; is in the top 30% and

whose ¢, is in the bottom 30%. The firms with low TC productivity and high IC productivity
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are firms in industries whose ¢; is in the bottom 30% and whose ¢, is in the top 30%. For each
group, we report the descriptive statistics of the key variables and the results of the investment

regressions in Table 7.

Table 7 here

The descriptive statistics reveals that the main difference between the two groups is the
changes over time in their composition of tangible and intangible capital. The group with high
TC productivity and low IC productivity has a slower increase in its IC, while the group with
low TC and high IC productivity exhibits a fast decline in TC and fast increase in IC. This
makes sense as firms invest and accumulate capital in the area where productivity is high. The
investment regression results in Panel C show that the investment-cash flow sensitivity is higher
for the group with high TC productivity and low IC productivity, consistent with the prediction
from the extended Q-theory explanation. Even in the later subperiods, the investment-cash
flow sensitivity is still significantly positive.?Y In addition, tangible capital has a much stronger
positive effect on the investment-cash flow sensitivity for the firms with high TC productivity
and low IC productivity. This is consistent with the notion that tangible capital is a proxy
for the relative productivity of tangible and intangible capital. Therefore, it can explain the

investment-cash flow sensitivity.

The cash flow autoregressive results in Panel D show that the two groups are not very different

in cash flow predictability. The sales regression results are anticipated by design.

5.3. Low-competition Industries vs High Competition Industries

Our hypothesis has a cross-sectional and time-series implication that the reduced investment-
cash flow sensitivity is accompanied by higher and increased competition among related firms.

We examine this implication by forming two non-exhaustive groups of firms over the five ten-year

20We note that estimation errors in the sales regressions create noise in the classification of the two groups. But
these potential errors will not create bias in favor of finding the results reported here. We also tried classifying firms
into two groups by their tangible capital productivity only, irrespective of their intangible capital productivity.
The corresponding results are very similar to those reported here.
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periods. For each ten-year period, a low (high) competition industry at the level of 3-digit SIC
code is a manufactory industry whose ten-year cross-firm median of profit margin is in the top
(bottom) 30% among all manufactory industries.?’ Firm-years in all low- (high-) competition
industries are grouped as low- (high-) competition firm-years. The descriptive statistics of the
key variables Panels A and B of Table 8 show that high competition industries are those that
increasingly rely on intangible capital. They also have lower cash flow. While the numbers of
low and high competition industries in each ten-year period are the same the numbers of firms
within the two groups are unequal. The number of firms in low competition industries declined

over time, while the number of firms in high competition industries rose in general.

Table 8 here

Results in Panels C to E show that the investment-cash flow sensitivity is substantially lower
for the industries with high competition, the cash flow predictability also tends to be weaker
(with smaller cash flow persistence and larger prediction error) for the group of firms with high
competition, and the high-competition-industry firms tend to reply more on intangible capital in
their production. All these results are consistent with the prediction from the extended Q-theory

explanation.

5.4. The Old-economy and New-economy Firms

In this subsection, we classify firms that are non-high-tech and listed on NYSE as old-economy
firms and firms that are high-tech and listed on NASDAQ/AMEX as new-economy firms. The
classification is non-exhaustive, as many firms are unclassified. This classification of new- and old-
economy firms is a crude and oversimplified one. Nevertheless it may provide additional evidence
to our hypotheses. Note that such a crude classification would not work to our advantage in

making our point.

2IThe classification is insensitive to whether it is done among all industries or all manufactory industries. We
use ten-year median in the definition, so the low and high industries remain the same within each ten-year period.
Other authors in their work re-balance the groups of low and high competition industries every year. But since
median profit margin of a typical industry is very persistent, the two approaches yield little difference.
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Panels A and B of Table 9 show the mean and standard deviation of the main variables
for the old- and new-economy firms. The number of old-economy firms declines slightly over
time, while that of new-economy firms increases significantly. The new-economy firms tend to
have higher market-to-book ratios, as the cash flow of most of them is expected to grow. The
competition, however, renders their sales and cash flow low. In the last two decades, the cash
flow of the new-economy firms is in fact negative on average with a large standard deviation,
while the cash flow of the old-economy firms remains high with a smaller standard deviation.
The average tangible capital of the new-economy firms is lower than that of the old-economy
firms, but the average intangible capital of the new-economy firms is higher than that of the
old-economy firms. A closer look at the components of IC (not reported in the table) shows that
the old-economy firms have higher Compustat intangible capital than the new-economy firms,
as the old-economy firms tend to be larger firms and are more likely to be acquirers in mergers
and acquisitions. The new-economy firms, however, spend much more on building R&D capital

and organizational capital than the old-economy firms.

Table 9 here

The results of the investment regressions for the old- and new-economy firms are given in
Panel C of Table 9. Both types of firms show similar patterns to those seen in Table 2. That is,
the investment-cash flow sensitivity is significantly positive and declining over time when cash
flow alone is used in the investment regression without tangible capital, but becomes insignificant
when the cross-product term with tangible capital is added. What is new in this table is the
difference between the old- and new-economy firms. First, the investment-cash flow sensitivity
parameter, ao, is much smaller for the new-economy firms than for the old-economy firms. This
naturally implies that, as the new-economy firms increase while the old-economy firms decrease in
number, the investment-cash flow sensitivity for the full sample declines over time. However, for
some old-economy firms, the sensitivity is still quite high even in the last ten-year period of the
sample. Second, while for both types of firms the slope coefficients of cash flow are insignificant

after the cross-product term is added, the slope coefficient, as, of the cross-product term of cash
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flow and tangible capital is much smaller and less significant for the new-economy firms than for
the old-economy firms in all subperiods. Third, for all regressions, the goodness-of-fit is greater

for the old-economy firms than for the new-economy firms.

Panels D and E of Table 9 report the results of the cash-flow regressions and the sales
regressions for old- and new-economy firms. For the cash-flow regressions, the autoregressive
coefficients are much higher for the old-economy firms than for the new-economy firms. For the
sales regressions, the productivity of tangible capital is higher for the old-economy firms than
for the new-economy firms, while the productivity of intangible capital is higher for the new-
economy firms than for the old-economy firms. There is a declining pattern in the productivity
of tangible capital and a rising pattern in the productivity of intangible capital, although not

monotonically.

Overall, the results for the old-economy firms and the new-economy firms in Table 10 provide
further evidence supporting our hypothesis that the investment-cash flow sensitivity in the earlier
years is mainly due to cash flow’s predictive power for its own future value. The results also
indicate that the declining investment-cash flow sensitivity is related to the increasing role of the
new-economy firms which have less predictable future cash flow. The results show the importance

of tangible capital in explaining the variation in corporate investment.

5.5. Financial Constraints

Since the financial constraint theory is a mainstream explanation of the investment-cash flow
sensitivity, we perform further tests on financially unconstrained and constrained firms separately.
We adopt the WW index to define financially constrained and unconstrained firms. In each year
firms in the top (bottom) three deciles are defined as financially constrained (unconstrained).
We then run investment regressions for firms in the two categories separately. The results are

reported in Table 10 along with the descriptive statistics.?> There are two purposes to have a

22Tn an earlier draft, we also reported results from classifications based on dividend dummy, firm size, bond
rating, firm age and the SA index proposed by Hadlock and Pierce (2010) who extended the work in Kaplan
and Zingales (1997). Specifically, SA index is a nonlinear combination of firm size and firm age. Please refer to
Hadlock and Pierce (2010) for the details of its construction. All the results are consistent with those using the
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closer look at the WW-index here given that the WW-index has been examined in Table 3. First,
the effect of the WW-index has a wrong sign when many other control variables are present in
Table 3. How the WW-index fares without these control variables is not clear. Second, Tables
2 and 3 show that TC has strong positive effect on the investment-cash flow sensitivity, but
according to Almeida and Campello (2007), TC proxies for pledgeability, so the evidence could
be interpreted as supportive to the financial constraint explanation. We clarify these points in

this subsection.

\ Table 10 here \

The numbers in Panels A and B show that constrained firms tend to have a slightly lower
investment rate, a higher market-to-book ratio, and a lower level of tangible capital. However,
constrained firms have much lower cash flow, higher cash flow volatility and higher intangible
capital. These are features that make these firms financially constrained. The results in Panel
C show that the investment-cash flow sensitivity, as, is lower for constrained firms than uncon-
strained ones, meaning that constraint firms do not exhibit higher sensitivity, so the financial
constraints hypothesis is not supported. The results here confirm those in Table 3 in that the
coefficient of WWxCF is negative with or without other control variables. These results also
confirm those reported by Kaplan and Zingales (1997) and Cleary (1999) with different measures

of financial constraints.

The results in Panel C with the TC*CF term in the two subsamples shed new light on the
interpretation of the term. Almeida and Campello (2007) find that tangible capital positively
explains the investment-cash flow sensitivity, but only for financially constrained firms. They
interpret this as evidence supporting the financial constraint explanation for the investment-cash
flow sensitivity. Their interpretation is based on the credit multiplier channel. For financially
constrained firms, physical investment out of cash flow increases tangible capital which can be
pledged as collateral to ease financial constraints and to make further investment. Financially

unconstrained firms do not rely on cash flow to make investment, and therefore there is no

WW index and thus are not reported here.
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such effect. We do not dispute their interpretation. However, our results in Panel C show
that for both constrained and unconstrained firms tangible capital explains the investment-cash
flow sensitivity. In fact, the effect is larger for financially unconstrained firms. Such a result is
inconsistent with the pledgeability interpretation, but consistent with the notion that tangible
capital is positively related to its productivity. A high level of tangible capital indicates a more
productive tangible capital. Firms tend to have higher investment-cash flow sensitivity if they
have more tangible capital. This effect of tangible capital is stronger for unconstrained firms

simply because they are more capable of raising funds for future investment opportunities.

Since we find seemingly opposite results to those in Almeida and Campello (2007) for un-
constrained firms, it is necessary to reconcile these two sets of empirical findings. The main
difference in the empirical implementations between the two studies is the definition of firm-level
asset tangibility. The measure of asset tangibility in Almeida and Campello (2007) is a linear
combination of receivables, inventory and fixed assets. All three components in this definition
are pledgeable assets. Asset tangibility is constructed to measure the expected asset liquidation
value that creditors are able to capture in case of bankruptcy, which in turn determines the
amount of money creditors are willing to lend. It is clear that this definition focuses more on the
pledgeability of the assets. However, tangible capital in our study is defined as productive capital
scaled by total assets. Receivables and inventories are not included, as they do not contribute to
productivity. Besides, Almeida and Campello (2007) scale the capital expenditure and cash flow
using beginning-of-period fixed assets, while we scale all variables using the beginning-of-period
book value of total assets, as we are interested in how the productivity of different types of

capital affects the investment-cash flow sensitivity.

The results we present here do not nullify the pledgeability of tangible capital in explaining
the investment-cash flow sensitivity, but we can see that the pledgeability of tangible capital is not
driving our results.?®> The productivity channel of tangible capital dominates the credit multiplier

channel in explaining the investment-cash flow sensitivity. In addition, the explanation based

23 As Table 3 shows, the effect of tangible capital on the investment-cash flow sensitivity does not change when
leverage (LR) is controlled for. The credit multiplier channel would work only if leverage increases.
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on the credit multiplier channel is mostly silent on the declining sensitivity. The implication
of the results reported in this subsection is not that financial constraints will not generate the
investment-cash flow sensitivity, but that the financial constraints are not the main reasons for

the sensitivity.

5.6. Balanced Panel Firms

This subsection deals with balanced-panel firms. Chen and Chen (2012) find that balanced panel
firms also show a declining pattern in the investment-cash flow sensitivity over time. They doubt
the decline in the sensitivity in the full sample can be attributed to the changing composition
of firms in the sample, as the pattern of decline is also observed for the balanced panel of firms

unchanged in the sample.

We construct a balanced-panel subsample of firms. It consists of 44 manufacturing firms that
operated during the 1967-2016 sample period. Panels A and B of Table 11 report the mean and
standard deviation of the key variables for the two balanced-panel subsamples. While the set of
firms remained the same over the entire sample period, their characteristics changed over time.
Their cash flow remain strong as they are surviving firms. The tangible capital declines and
intangible capital rises over time. Therefore, these balanced-panel firms should not be regarded

as the same set of firms over time as their characteristics have changed.

\Table 11 here\

As seen in Panel C, the investment-cash flow sensitivity as declines over time when the cross-
product term CF;+TC;,_; is absent. This is the main argument in Chen and Chen (2012) that
the decline of the sensitivity cannot be attributed to the changes in firm composition in the

sample.

The results in Panel D show that, although these firms remain the same, their cash flow
predictability declines over time. The persistence become much lower and risk become much

higher in later years. The results in Panel E, however, do not detect obvious changes in the
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productivity in tangible and intangible capital.

Overall, the results on the balanced-panel firms indicate that, although they are the same
firms by name, they are not the same firms from the economic perspective. Their productive

capital structure has changed and so has their cash flow predictability.

6. Conclusions

We have proposed and examined hypotheses about why corporate investment is sensitive to cash
flow and why the sensitivity has declined. The explanation is built on the existing explanation
in the literature that current cash flow explains investment because it predicts future cash flow.
We emphasize the role of tangible capital productivity in this explanation. In our framework,
the economy has been changing from an old economy which relies more on tangible capital to a
new economy which depends more on intangible capital. The new-economy firms, however, also
face more competition and their future cash flow is less predictable from the current cash flow.
As a result, current cash flow contains less information about future cash flow and investment

becomes less responsive to current cash flow.

The main contribution of the paper is that we provide empirical results which confirm our
explanation for why the investment-cash flow sensitivity exists and why it has declined over time.
These questions have puzzled financial economists for decades. During the sample period, the
number of manufacturing firms listed on the major US exchanges fluctuated mostly because of
changes in the number of high-tech firms listed on NASDAQ. The average cash flow declined,
caused by competition among the newly listed high-tech firms. The average fraction of tangible
capital in total assets also declined, reflecting a change in the productive capital structure.
More importantly, the tangible capital productivity declined over time and cash flow became
less predictable. The new-economy firms had smaller investment-cash flow sensitivity than old-
economy firms. It is the decline in tangible capital and tangible capital productivity in the

economy that caused the investment-cash flow sensitivity to drop.

We also provide evidence that tangible capital explains investment but not because it can
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be used as collateral for reducing financial constraints. We find that the investment-tangible
capital sensitivity is higher for non-constrained firms than constrained firms. We contribute to
the literature by providing evidence favoring the cash-flow predictability explanation over the

financial constraint explanation.

37



References

Agca, S., Mozumdar, A., 2008. The impact of capital market imperfections on investment-cash

flow sensitivity. Journal of Banking and Finance 32, 207-216.

Aghion, P., Bloom, N., Blundell, R., Griffith, R. and Howitt, P., 2005, Competition and inno-

vation: An inverted-U relationship, The Quarterly Journal of Economics 120, 701-728.

Aghion, P. Van Reenen, J. and Zingales, L., 2013, Innovation and institutional ownership,

American Economic Review 103, 277-304.

Allayannis, G., Mozumdar, A., 2004. The impact of negative cash flow and influential obser-
vations on investment-cash flow sensitivity estimates. Journal of Banking and Finance 28,

901-930.

Almeida, H., Campello, M., 2007. Financial constraints, asset tangibility, and corporate invest-

ment. Review of Financial Studies 5, 1429-1460.

Almeida, H., Campello, M., Weisbach, M., 2004. The cash flow sensitivity of cash. Journal of
Finance 59, 1777-1804.

Alti, A., 2003. How sensitive is investment to cash flow when financing is frictionless? Journal

of Finance 58, 707-722.

Bates, T., Kahle, K., Stulz, R., 2009. Why do U.S. firms hold so much more cash than they
used to? Journal of Finance 64, 1985-2021.

Brown, J., Petersen, B., 2009. Why has the investment-cash flow sensitivity declined so sharply?
Rising R&D and equity market developments. Journal of Banking and Finance 33, 971-984.

Bloom, N., Reenen, J., 2007. Measuring and explaining management practices across firms and

countries. Quarterly Journal of Economics 122, 1351-1408.

Brustein, J. 2013. Sorry, Nike, you're a tech company now, Bloomberg Businessweek, October

15, 2013.

38



Corrado, C., Hulten, C., 2010. How do you measure a “technological revolution?” American

Economic Review 100, 99-104.

Corrado, C., Hulten, C. and Sichel, D., 2009. Intangible capital and U.S. economic growth.
Review of Income and Wealth 55, 661-685.

Chen, H., Chen, S., 2012. Investment-cash flow sensitivity cannot be a good measure of financial

constraints: evidence from the time series. Journal of Financial Economics 103, 393-410.

Cleary, S., 1999. The relationship between firm investment and financial status. Journal of

Finance 54, 673-692.

Dasgupta, S., Sengupta, K., 2007. Corporate liquidity, investment and financial constraints:

implication from a multi-period model. Journal of Financial Intermediation 16, 151-174.

Dasgupta, S., Noe. T., Wang, Z., 2011. Where did all the dollars go? The effect of cash flows on

capital and asset structure. Journal of Financial and Quantitative Analysis 46, 1259-1294.

Eisfeldt, A., Papanikolaou, D., 2013. Organization capital and the cross-section of expected
returns. Journal of Finance 68, 1365-1406.

Eisfeldt, A., Papanikolaou, D., 2014. The value and ownership of intangible capital. American
Economic Review 104, 189-194.

Erickson, T., Whited, T., 2000. Measurement error and the relationship between investment

and q. Journal of Political Economy 108, 1027-1057.

Falato, A., Kadyrzhanova, D., and Sim, J., 2013. Rising intangible capital, shrinking debt
capacity, and the US corporate savings Glut. Working Paper.

Fama, E., French, K., 2004, New lists: Fundamentals and survival rates. Journal of Financial

Economics 73, 229-269.

Fazzari, S., Hubbard, R., Petersen, B., 1988. Financing constraints and corporate investment.

Brookings Papers on Economic Activity, 141-195.

39



Gomes, J., 2001. Financing investment. American Economic Review 91, 1263-1285.

Grullon, G., Hund, J. and Weston, J., 2013, A granular analysis of corporate investment,

Working paper, Rice University.

Hadlock, C., Pierce, J., 2010. New evidence on measuring financial constraints: moving beyond

the KZ index. Review of Financial Studies 23, 1909-1940.

Hall, B., Jaffe, A., Trajtenberg, M., 2005. Market value and patent citations. The Rand Journal
of Economics 36, 16-38.

Hayashi, F., 1982. Tobin’smarginal q and average q: a neoclassical interpretation. Econometrica

50, 213-224.

Hoshi, T., Kashyap, A., and Scharfstein, D., 1991. Corporate structure liquidity and investment:

evidence from Japanese panel data. Quarterly Journal of Economics 106, 33-60.

Hulten, C., Hao, X., 2008. What is a company really worth? Intangible capital and the “market
to book value” puzzle. NBER working paper 14548.

Kaplan, S., Zingales, L., 1997. Do investment-cash flow sensitivities provide useful measures of

financing constraints? Quarterly Journal of Economics 112, 169-215.

Lev, B., Radhakrishnan, S., 2005. Valuation of organization capital in Measuring Capital in a

New Economy. National Bureau of Economic Research and University of Chicago Press.

Li, C., Y., and Hall, B., 2016. Depreciation of business R&D capital. Work Paper.

McLean, D., Zhang, T., Zhao, M., 2012. Why does the law matter? Investor protection and its

effects on investment, finance and growth. Journal of Finance 67, 313-350.

Minton, B., Schrand, C., 1999. The impact of cash flow volatility on discretionary investment

and the costs of debt and equity financing. Journal of Financial Economics 54, 423-460.

40



Moyen, N., 2004. Investment-cash flow sensitivities: constrained versus unconstrained firms.

Journal of Finance 59, 2061-2092.

Myers, S., Majluf, N., 1984. corporate financing and investment decisions when firms have

information that investors do not have. Journal of Financial Economics 13, 187-221.

Peters, R.H. and Taylor, L.A., 2017, Intangible capital and the investment-q relation? Journal
of Financial Economics 123, 251-272

Poterba, James M., 1988, Comment on “financing constraints and corporate investment,”

Brookings Papers on Economic Activity, 200-204.

Povel, P., and Raith, M., 2004. Optimal debt with unobservable investments. Rand Journal of
Economics 35, 599C616.

Srivastava, A., 2014. Why have measures of earnings quality changed over time? Journal of

Accounting and Economics 57, 196-217.

Stiglitz, J., Weiss, A., 1981, Credit rationing in markets with imperfect information. American

Economic Review, 71, 393-410.

Tobin, J., 1969. A general equilibrium approach to monetary theory. Journal of Money, Credit
and Banking 1, 15-29.

Wang, 7., Xiao, Z. and Zhang, C., 2014. Investment-cash flow sensitivity and fundamentals

volatility, Working paper.

Whited, T., and Wu, G., 2006. Financial constraints risk, Review of Financial Studies 19,
531-559.

41



Table 1
Descriptive statistics of key variables

This table presents the ten-year panel mean and standard deviation of the physical investment (INV), market-
to-book ratio (MB), cash flows (CF), sales (SA), tangible capital (TC), Compustat intangible capital (CIC),
organizational capital (OC), R&D capital (RDC), the composite intangible capital (IC), Whited-Wu index (WW),
leverage (LR), cash holding (CH), working capital (WC), firm size (log of total assets, SZ), and cash flow volatility
(CV). Except for SZ and MB, all variables are scaled by total assets. MB, TC, CIC, OC, RDC, and IC are

measured at the beginning of the year. NF is the average number of firms.

A. Mean

Period INV  MB CF SA TC CIC OC RDC IC WW LR CH WC S7 (A% NF

1967-1976  0.07 138 0.11 161 033 003 029 005 036 -0.23 024 0.08 036 4.28 0.04 1346.9
1977-1986  0.08 1.27 0.09 1.61 031 0.02 035 010 047 -0.23 0.24 0.10 0.33 4.40 0.05 18158
1987-1996 0.06 1.70 0.06 137 0.29 0.05 038 020 063 -0.23 024 0.13 0.27 468 0.09 1998.1
1997-2006 0.05 2.02 0.01 1.14 0.25 010 038 032 080 -0.24 023 0.19 019 515 0.16 2336.9
2007-2016 0.04 197 -0.01 102 0.21 0.16 038 040 094 -0.26 021 0.22 0.14 592 0.18 1851.0

B. Standard deviation

Period INV  MB CF SA TC CIC OC RDC IC WW LR CH WC S7 CV NF

1967-1976  0.06 1.04 0.07r 0.69 0.15 005 0.19 009 023 0.09 0.15 0.08 0.15 1.60 0.04 1346.9
1977-1986  0.07 0.76 0.10 0.70 0.15 0.04 025 014 030 0.13 0.16 0.11 0.16 195 0.06 1815.8
1987-1996 0.06 125 0.16 065 0.17 0.09 032 032 050 0.13 020 0.16 0.17 217 0.14 1998.1
1997-2006 0.05 1.65 0.24 0.66 0.18 0.14 041 055 076 0.13 0.23 0.22 0.18 226 0.32 2336.9
2007-2016 0.04 156 0.26 061 0.17 0.18 045 074 095 259 024 023 0.18 248 0.55 1851.0
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Table 2

Investment-cash flow sensitivity: the role of tangible capital

This table presents the ten-year panel regressions of investment on cash flow and its cross-product term
with tangible capital for the full sample. INV, CF, TC are physical investment, cash flow, and tangible
capital respectively, scaled by total assets. MB is the market-to-book ratio. Iﬁ, CF , TC and MB are
the modified version of INV, CF, TC and MB, incorporating annual expenditure on intangibles in the
numerator of cash flow and capital stock of intangibles in the denominator of all four variables. The
regressions are estimated with fixed firm effects. The t-statistic to the right of an estimate is clustered
at the firm-year level. NF is the average number of firms. R? is the adjusted R? for serially demeaned

panel data.

A. INVZt =ag + alMBi’t71 + QQCFi7t + achiytTCi’t71 + €t

Period MB
1967-1976 0.007
1977-1986 0.011
1987-1996 0.010
1997-2006 0.007
2007-2016 0.006
1967-1976 0.008
1977-1986 0.012
1987-1996 0.011
1997-2006 0.007
2007-2016 0.005
B. INVZt =ag + alMBi,t,
Period MB
1967-1976 0.008
1977-1986 0.012
1987-1996 0.011
1997-2006 0.007
2007-2016 0.006
1967-1976 0.008
1977-1986 0.012
1987-1996 0.011
1997-2006 0.007
2007-2016 0.006

C. Iﬂit =ag + (111\//11\3,'7t_

Period

1967-1976
1977-1986
1987-1996
1997-2006
2007-2016

1967-1976
1977-1986
1987-1996
1997-2006
2007-2016

MB
0.009
0.014
0.013
0.009
0.007

0.009
0.014
0.013
0.008
0.007

t-stat
7.62
9.80
16.04
18.08
13.57

8.29
10.66
16.57
17.75
12.91

t-stat
8.06
10.29
16.62
18.63
15.01

8.25
10.64
17.06
18.43
14.50

t-stat
7.89
11.32
16.28
18.54
13.02

8.16
12.25
16.71
19.21
14.57

CF t-stat CF*TC  t-stat
0.271 20.02
0.174 21.62
0.077 17.94
0.037 14.23
0.029 11.64
0.089 4.49 0.596 8.91
0.038 3.12 0.509 10.37
0.001 0.13 0.344 10.91
0.005 1.40 0.167 8.86
0.001 0.42 0.174 7.63
1+ a2CFi+ +asCF; ;TC; 11 + adaTCi 1 + €4t
CF t-stat CF*TC  t-stat
0.268 20.07
0.175 21.86
0.077 18.01
0.037 14.36
0.027 11.65
0.076 3.31 0.638 7.70
0.041 3.20 0.496 9.08
0.006 0.97 0.320 10.70
0.003 0.91 0.176 9.86
20.001  -0.37  0.181  9.44
1+ QZ@i,t + GS@i,tﬁi,t—l + €t
CF  tstat CF+TC tstat
0.262 22.16
0.208 26.29
0.128 23.08
0.084 23.74
0.071 17.97
0.126 8.84 0.572 10.67
0.080 8.39 0.622 14.99
0.026 4.08 0.582 16.75
0.007 1.86 0.475 16.58
-0.015 -3.60 0.533 15.60

TC
0.053
0.042
0.053
0.047
0.099

-0.011
0.008
0.041
0.051
0.100

t-stat
5.01
4.94
7.87
8.05
14.27

-0.82
0.84
6.19
8.95

15.20

NF
1346.9
1815.8
1998.1
2336.9
1851.0

1346.9
1815.8
1998.1
2336.9
1851.0

NF
1346.9
1815.8
1998.1
2336.9
1851.0

1346.9
1815.8
1998.1
2336.9
1851.0

NF
1346.9
1815.8
1998.1
2336.9
1851.0

1346.9
1815.8
1998.1
2336.9
1851.0

R2
0.13
0.10
0.08
0.09
0.06

0.15
0.12
0.11
0.11
0.08

R2
0.14
0.10
0.09
0.10
0.11

0.15
0.12
0.11
0.12
0.13

R2
0.16
0.15
0.15
0.15
0.10

0.18
0.18
0.19
0.19
0.19
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Table 3
Investment-cash flow sensitivity: alternative explanatory variables

This table presents the ten-year panel regressions of investment on the market-to-book ratio (MB), cash flow
(CF), and the product term of CF with tangible capital (TC), WW index (WW), leverage (LR), cash holding
(CH), working capital (WC), firm size (SZ), R&D expenditure (RD) and cash flow volatility (CV). Panels A
and B report the results without and with the term CF;;TC; ;_;, respectively. The regression is estimated with
fixed firm effects. The t-statistic to the right of an estimate is clustered at the firm-year level. NF is the average

number of firms. R? is the adjusted R? for serially demeaned panel data.

INV;y = ap + a1MB; 41 + a2CFjy + a3TC; 4 —1CFiy + aa WW; 4 1CF4 + asLR; 4 —1CFyy
+ agCH; 1 1CFi¢ + a7WC; 4 _1CF ¢ + agSZ; +—1CFiy + agRD; 41 CFiy +a10CV; 1 —1CF4 + &4

A. Without TC; ;_1CFy

Period MB t-stat CF t-stat TC*CF t-stat WW*CF t-stat LR*CF t-stat

1967-1976 0.007 6.48 0.469 9.06 -0.330 -3.35 -0.298 -6.21

1977-1986 0.009 7.61 0.350 10.78 -0.213 -0.98 -0.181 -4.91

1987-1996 0.008 11.90 0.129 8.16 -0.295 -3.10 -0.039 -2.73

1997-2006 0.005 12.30 0.059 7.85 0.000 2.48 -0.006 -1.08

2007-2016 0.005 9.55 0.042 5.31 -0.042 -1.57 0.006 1.03
CH*CF t-stat WC*CF t-stat SZ*CF t-stat RD*CF t-stat CV*CF t-stat NF R?
-0.278 -3.23 -0.158 -2.42 -0.028 -3.42 0.246 1.10 -0.558 -3.49 1130.9 0.13
-0.302 -5.95 -0.132 -3.09 -0.012 -0.96 -0.058 -0.46 -0.305 -3.38 1748.9 0.12
-0.112 -5.16 -0.047 -2.44 -0.006 -1.07 -0.083 -2.33 -0.052 -2.82 1854.0 0.10
-0.045 -4.03 0.027 2.79 0.004 2.74 -0.094 -6.58 -0.009 -2.13 2098.2 0.10
-0.032 -3.27 0.019 2.24 0.000 -0.10 -0.028 -2.66 -0.001 -0.35 1676.7 0.06

B. With TC; ;_1CF;¢

Period MB t-stat CF t-stat TC*CF t-stat WW*CF t-stat LR*CF t-stat
1967-1976 0.007 6.20 0.055 0.93 0.712 9.67 -0.262 -2.84 -0.276 -5.79
1977-1986 0.010 8.58 0.063 1.75 0.574 10.04 -0.158 -0.85 -0.168 -4.53
1987-1996 0.009 12.32 0.013 0.81 0.337 8.46 -0.212 -2.33 -0.035 2.21
1997-2006 0.005 12.29 0.010 1.25 0.184 7.79 0.000 2.15 0.000 0.00
2007-2016 0.005 9.93 -0.003 -0.36 0.216 8.12 -0.018 -0.59 0.009 1.47

CH*CF t-stat WC*CF t-stat SZ*CF t-stat RD*CF t-stat CV*CF t-stat NF R?

0.113 1.26 0.183 2.92 -0.019 -2.46 0.480 2.27 -0.4 -2.49 1130.9 0.15

-0.018 -0.34 0.130 3.03 -0.012 -1.13 0.092 0.70 -0.2 -2.37 1748.9 0.13

-0.006 -0.26 0.057 2.80 -0.007 -1.23 -0.046 -1.24 0.0 -1.85 1854.0 0.11

0.012 1.03 0.059 5.21 0.001 0.82 -0.084 -5.47 0.0 -2.25 2098.0 0.12

0.024 2.27 0.033 3.29 -0.002 -0.74 -0.030 -2.67 0.0 -0.76 1676.7 0.09
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Table 4
Cash flow, cash flow volatility, and tangible/intangible capital

This table presents the ten-year panel regressions of (A) cash flow on lagged cash flow and (B)
the squared residual from (A) on tangible and intangible capital, scaled by total assets. CF, TC
and IC are cash flow, tangible capital and intangible respectively, scaled by total assets. The
regressions are estimated with fixed firm effects. The t-statistic to the right of an estimate is
clustered at the firm-year level. NF is the average number of firms. R? is the adjusted R? for
serially demeaned panel data.

A. CFy =bo + b1CFi 41 + &, 0¢ =/ Var(&u)

Period CF t-stat o¢ NF R?
1967-1976 0.529 38.04 0.04 1346.9 0.32
1977-1986 0.476 31.08 0.07 1815.8 0.24
1987-1996 0.365 22.43 0.10 1998.1 0.15
1997-2006 0.291 21.59 0.13 2336.9 0.13
2007-2016 0.297 18.06 0.13 1851.0 0.13
B. &2 =ep+e1TCir—1 + e2lCiy1 + &,

Period TC t-stat IC t-stat NF R?
1967-1976 0.001 0.42 0.007 4.69 1346.9 0.03
1977-1986 0.005 2.05 0.011 8.26 1815.8 0.03
1987-1996 0.001 0.23 0.014 8.92 1998.1 0.02
1997-2006 0.005 0.69 0.014 7.68 2336.7 0.02
2007-2016 0.007 1.10 0.021 6.61 1851.0 0.04
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Table 5

Productivity of tangible and intangible capitals

Panels A and B of this table present the ten-year panel regressions of log sales on log tangible
capital and log intangible capital, all unscaled, treating parameters as economy-wide ones and
industry-wide ones respectively. Sales, TC and IC are total sales, tangible assets, and intangible
assets respectively, unscaled by total assets. The regression is estimated recursively with weighted
least square where the variance of the error term is assumed to be a linear function of the log
total assets. The t-statistic to the right of an estimate is clustered at the firm-year level. NF
(NF) is the average number of firms. R? (R?) is the adjusted R? for serially demeaned panel

data.

Sales regressions: In Sales;y = co+ciInTC 1 +coInIC; 1 + 13, 0y =

A. Market-wide estimation

Period In TC t-stat In IC t-stat
1967-1976 0.504 23.22 0.335 16.43
1977-1986 0.425 33.19 0.366 30.70
1987-1996 0.430 34.49 0.352 28.41
1997-2006 0.383 31.59 0.390 35.42
2007-2016 0.348 20.50 0.417 30.43
B. Industry-wide estimation
Period In TC In IC
mean std mean std
1967-1976 0.446 0.275 0.324 0.661
1977-1986 0.452 0.212 0.327 0.218
1987-1996 0.361 0.740 0.457 1.105
1997-2006 0.401 0.240 0.348 0.215
2007-2016 0.339 0.384 0.427 0.341

On
0.263
0.317
0.377
0.437
0.446

0.249
0.271
0.363
0.295
0.303

NF
1346.9
1815.8
1998.1
2336.7
1851.0

NF

112.9
147.5
162.3
189.8
168.9

VC”’(Th‘t)

R2
0.88
0.76
0.68
0.59
0.61

0.86
0.75
0.69
0.68
0.70
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Table 6

More predictable cash flow vs less predictable cash flow

For firms with more versus less predictable cash flow, Panels A and B of this table present the
ten-year-panel means and standard deviations, respectively, of physical investment (INV), cash
flows (CF), sales (SA), tangible capital (TC), and intangible capital (IC), all scaled by total
assets, and the market-to-book ratio (MB). MB, TC and IC are measured at the beginning of
the year. NF is the average number of firms. Panels C, D and E present the results of the
investment regression. The regressions are estimated with fixed firm effects. The t-statistic to
the right of an estimate is clustered at the firm-year level.

A. Mean
Firms with more predictable cash flow
Period INV MB CF SA TC IC NF
1967-1976 0.07 1.51 0.11 1.51 0.33 0.40 138.4
1977-1986 0.08 1.24 0.12 1.59 0.33 0.45 161.3
1987-1996 0.07 1.67 0.12 1.35 0.30 0.49 210.5
1997-2006 0.05 1.80 0.11 1.22 0.29 0.52 250.2
2007-2016 0.05 1.87 0.11 1.05 0.24 0.63 191.9
Firms with less predictable cash flow
Period INV MB CF SA TC IC NF
1967-1976 0.07 1.28 0.08 1.64 0.31 0.36 98.5
1977-1986 0.06 1.43 0.03 1.56 0.27 0.61 128.8
1987-1996 0.05 2.12 -0.05 1.29 0.21 0.97 170.4
1997-2006 0.04 2.55 -0.17 1.00 0.20 1.33 171.1
2007-2016 0.03 2.33 -0.15 0.97 0.16 1.61 149.5

B. Standard deviation

Firms with more predictable cash flow

Period INV MB CF SA TC IC NF

1967-1976 0.05 1.18 0.05 0.58 0.15 0.24 138.4
1977-1986 0.06 0.58 0.06 0.62 0.16 0.27 161.3
1987-1996 0.05 0.97 0.09 0.55 0.15 0.31 210.5
1997-2006 0.04 1.23 0.09 0.53 0.16 0.28 250.2
2007-2016 0.04 1.07 0.08 0.51 0.17 0.38 191.9

Firms with less predictable cash flow

Period INV MB CF SA TC IC NF

1967-1976 0.07 0.85 0.09 0.75 0.15 0.24 98.5
1977-1986 0.07 1.01 0.14 0.77 0.15 0.39 128.8
1987-1996 0.06 1.75 0.23 0.69 0.15 0.75 170.4
1997-2006 0.05 2.12 0.33 0.67 0.17 1.11 171.1
2007-2016 0.04 2.04 0.36 0.68 0.16 1.39 149.5

47



Table 6 (cont’d)

C. Investment regressions: INV;, = ap + a;MB; ;1 + a2CF;; + a3CF;, TC; ;1 + €i

Firms with more predictable cash flow

Period MB t-stat CF t-stat CF*TC t-stat NF R?
1967-1976 0.002 0.75 0.337 4.99 138.4 0.10
1977-1986 0.001 0.30 0.294 5.15 161.3 0.09
1987-1996 0.005 2.08 0.253 6.24 210.5 0.17
1997-2006 0.007 2.89 0.154 4.47 250.2 0.20
2007-2016 0.005 1.60 0.123 3.34 191.9 0.11
1967-1976 0.003 0.88 0.080 0.93 0.741 2.59 138.4 0.12
1977-1986 0.003 1.13 -0.002  -0.04 0.960 5.83 161.3 0.13
1987-1996 0.006 2.32 0.032 0.95 0.744 7.38 210.5 0.22
1997-2006 0.007 2.89 -0.027  -0.74 0.717 6.42 250.2 0.27
2007-2016 0.006 2.58 -0.113  -3.10 0.835 7.96 191.9 0.22
Firms with less predictable cash flow
Period MB t-stat CF t-stat  CF*TC  t-stat NF R?
1967-1976 0.010 2.55 0.153 5.15 98.5 0.09
1977-1986 0.010 2.69 0.078 5.11 128.8 0.05
1987-1996 0.008 4.22 0.028 4.55 170.4 0.05
1997-2006 0.004 4.94 0.007 1.49 171.1 0.04
2007-2016 0.005 5.74 0.009 2.38 149.5 0.05
1967-1976 0.010 2.56 0.043 0.68 0.385 1.61 98.5 0.10
1977-1986 0.010 2.78 0.053 2.07 0.102 0.98 128.8 0.05
1987-1996 0.008 4.33 0.009 0.83 0.103 1.79 170.4 0.06
1997-2006 0.004 4.86 0.002 0.38 0.026 1.08 171.1 0.04
2007-2016 0.005 5.66 0.004 0.75 0.033 1.05 149.5 0.05
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Table 6 (cont’d)

D. Cash flow regressions: CF;; = by + b1CF; ;1 + &, 0 = v/ Var(&y)

Firms with more predictable cash flow

Period CF t-stat O¢ NF R?
1967-1976 0.850 42.26 0.015 138.4 0.77
1977-1986 0.907 37.60 0.020 161.3 0.76
1987-1996 0.894 35.44 0.027 210.5 0.75
1997-2006 0.861 26.74 0.028 250.2 0.72
2007-2016 0.591 4.35 0.036 191.9 0.54
Firms with less predictable cash flow
Period CF t-stat o¢ NF R?
1967-1976 0.114 2.96 0.067 98.5 0.05
1977-1986 0.069 2.07 0.118 128.8 0.00
1987-1996 -0.033 -0.89 0.192 170.4 0.00
1997-2006 -0.062 -2.42 0.230 171.1 0.01
2007-2016 -0.050 -1.33 0.222 149.5 0.02

E. Sales regressions In Sales;; = co +c1In TCi 1 + coIn IC; 41 + 13, 0 = \/Var(ni)

Firms with more predictable cash flow

Period In TC t-stat In IC t-stat oy NF R?
1967-1976 0.615 10.96 0.259 4.31 0.218 138.4 0.91
1977-1986 0.505 14.42 0.299 10.44 0.232 161.3 0.86
1987-1996 0.440 10.29 0.347 10.02 0.263 210.5 0.78
1997-2006 0.467 10.90 0.339 10.36 0.260 250.2 0.81
2007-2016 0.361 7.41 0.451 11.74 0.246 191.9 0.87
Firms with less predictable cash flow
Period In TC t-stat In IC t-stat oy NF R?
1967-1976 0.368 9.44 0.449 11.87 0.291 98.5 0.85
1977-1986 0.388 9.38 0.415 10.95 0.383 128.8 0.67
1987-1996 0.452 11.84 0.382 7.39 0.500 170.4 0.56
1997-2006 0.350 8.94 0.407 7.71 0.556 171.1 0.39
2007-2016 0.373 7.26 0.432 5.68 0.552 149.5 0.39
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Table 7

Tangible capital productivity vs intangible capital productivity

For firms with high TC productivity and low IC productivity and firms with low TC productivity
and high IC productivity, Panels A and B of this table present the ten-year-panel means and
standard deviations, respectively, of physical investment (INV), cash flows (CF), sales (SA),
tangible capital (TC), and intangible capital (IC), all scaled by total assets, and the market-to-
book ratio (MB). MB, TC and IC are measured at the beginning of the year. NF is the average
number of firms. Panels C, D and E present the results of the investment regression, cash flow,
and sales regressions, respectively. The regressions are estimated with fixed firm effects. The
t-statistic to the right of an estimate is clustered at the firm-year level.

A. Mean
Firms with high TC and low IC
Period INV MB CF SA TC IC NF
1967-1976 0.08 1.27 0.11 1.72 0.37 0.32 275.4
1977-1986 0.08 1.11 0.10 1.92 0.35 0.42 222.9
1987-1996 0.07 1.34 0.08 1.52 0.37 0.44 232.4
1997-2006 0.06 1.52 0.06 1.26 0.37 0.46 278.5
2007-2016 0.04 1.55 0.04 1.12 0.30 0.52 186.9
Firms with low TC and high IC
Period INV MB CF SA TC IC NF
1967-1976 0.07 1.32 0.11 1.58 0.34 0.37 213.5
1977-1986 0.07 1.26 0.09 1.49 0.30 0.48 410.1
1987-1996 0.06 1.56 0.07 1.46 0.27 0.70 266.7
1997-2006 0.05 1.85 0.04 1.39 0.26 0.79 194.0
2007-2016 0.04 1.86 0.04 1.24 0.20 0.86 154.6

B. Standard Deviation
Firms with high TC and low IC

Period INV MB CF SA TC IC NF

1967-1976 0.06 0.82 0.06 0.93 0.17 0.21 2754
1977-1986 0.06 0.56 0.09 0.96 0.16 0.30 222.9
1987-1996 0.06 0.70 0.11 0.74 0.18 0.40 2324
1997-2006 0.05 1.13 0.16 0.65 0.20 0.50 278.5
2007-2016 0.04 1.12 0.18 0.62 0.18 0.50 186.9

Firms with low TC and high IC

Period INV MB CF SA TC IC NF

1967-1976 0.06 1.00 0.07 0.64 0.17 0.23 213.5
1977-1986 0.06 0.74 0.10 0.58 0.16 0.31 410.1
1987-1996 0.06 1.07 0.14 0.67 0.17 0.52 266.7
1997-2006 0.05 1.48 0.20 0.68 0.18 0.64 194.0
2007-2016 0.04 1.43 0.20 0.61 0.15 0.70 154.6
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Table 7 (cont’d)

C. Investment regressions: INV;; = ap + a;MB; ;1 + a2CF;+ + a3CF;, TC; ;1 + €3
Firms with high TC and low IC

Period MB t-stat CF t-stat CF*TC t-stat NF R?
1967-1976 0.007 2.54 0.352 9.41 275.4 0.13
1977-1986 0.004 0.85 0.296 10.63 222.9 0.14
1987-1996 0.013 5.03 0.134 8.09 232.4 0.10
1997-2006 0.008 5.20 0.087 7.13 278.5 0.10
2007-2016 0.006 3.89 0.057 4.35 186.9 0.08
1967-1976 0.007 2.95 0.131 2.48 0.594 4.08 275.4 0.15
1977-1986 0.005 1.35 0.066 1.54 0.708 5.47 222.9 0.16
1987-1996 0.013 5.00 0.048 1.68 0.281 3.19 232.4 0.11
1997-2006 0.007 4.73 0.015 1.11 0.279 3.99 278.5 0.12
2007-2016 0.006 3.75 -0.025 -1.47 0.305 5.31 186.9 0.14
Firms with low TC and high IC
Period MB t-stat CF t-stat CF*TC t-stat NF R?
1967-1976 0.007 2.05 0.305 8.78 213.5 0.12
1977-1986 0.014 5.67 0.156 11.22 410.1 0.10
1987-1996 0.007 3.84 0.085 7.84 266.7 0.07
1997-2006 0.011 6.75 0.050 4.72 194.0 0.13
2007-2016 0.005 4.05 0.041 5.38 154.6 0.06
1967-1976 0.007 226 0162 286 0443 242 2135  0.12
1977-1986 0.014 631 0039 173 0474 533  410.1  0.12
1987-1996 0.008 387 0011 063 0314 337 2667  0.08
1997-2006 0.011 599 0000 -0.02 0254 301 1940  0.17
2007-2016 0.005 4.18 0.019 1.15 0.115 1.21 154.6 0.07
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Table 7 (cont’d)

D. Cash flow regressions: CF; = by + 01CF; 11 + &, 0c = /Var(&q)
Firms with high TC and low IC

Period CF t-stat o¢ NF R?
1967-1976 0.538 15.88 0.036 275.4 0.33
1977-1986 0.424 9.35 0.054 222.9 0.19
1987-1996 0.366 6.69 0.076 2324 0.16
1997-2006 0.356 10.40 0.089 278.5 0.18
2007-2016 0.287 5.10 0.105 186.9 0.09
Firms with low TC and high IC
Period CF t-stat o¢ NF R?
1967-1976 0.566 19.18 0.036 213.5 0.35
1977-1986 0.464 14.88 0.070 410.1 0.24
1987-1996 0.341 7.46 0.095 266.7 0.12
1997-2006 0.328 5.49 0.106 194.0 0.17
2007-2016 0.339 4.64 0.110 154.6 0.17

E. Sales regressions In Sales;y = co + ¢1In TC,y—1 + coIn IC, 41 + 0y, 0y = \/Var(ni)
Firms with high TC and low IC

Period In TC t-stat In IC t-stat oy NF R?
1967-1976 0.760 15.27 0.116 3.11 0.269 275.4 0.88
1977-1986 0.650 16.56 0.156 4.64 0.321 222.9 0.76
1987-1996 0.696 21.38 0.127 4.27 0.336 232.4 0.72
1997-2006 0.660 18.11 0.153 5.45 0.352 278.5 0.70
2007-2016 0.602 12.95 0.192 5.46 0.345 186.9 0.70
Firms with low TC and high IC
Period In TC t-stat In IC t-stat oy NF R?
1967-1976 0.269 10.02 0.567 23.67 0.212 213.5 0.91
1977-1986 0.274 13.01 0.485 25.52 0.278 410.1 0.79
1987-1996 0.246 10.66 0.525 24.59 0.310 266.7 0.75
1997-2006 0.194 5.62 0.550 16.92 0.342 194.0 0.69
2007-2016 0.148 4.13 0.602 22.47 0.314 154.6 0.76
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Table 8

Low-competition industries vs high-competition industries

For low-competition industry firms and high-competition industry firms, Panels A and B of
this table present the ten-year-panel means and standard deviations, respectively, of physical
investment (INV), cash flows (CF), sales (SA), tangible capital (TC), and intangible capital (IC),
all scaled by total assets, and the market-to-book ratio (MB). MB, TC and IC are measured
at the beginning of the year. NF is the average number of firms. Panels C, D and E present
the results of the investment, cash flow, and sales regressions, respectively. The regressions are
estimated with fixed firm effects. The t-statistic to the right of an estimate is clustered at the
firm-year level.

A. Mean
Low competition industries
Period INV MB CF SA TC IC NF
1967-1976 0.09 1.65 0.13 1.37 0.41 0.34 318.0
1977-1986 0.09 1.46 0.10 1.44 0.35 0.45 510.9
1987-1996 0.08 1.55 0.10 1.24 0.42 0.40 282.5
1997-2006 0.06 1.58 0.07 1.06 0.38 0.48 320.6
2007-2016 0.04 1.79 0.07 1.00 0.24 0.64 306.2
High competition industries
Period INV MB CF SA TC IC NF
1967-1976 0.06 1.15 0.09 1.94 0.29 0.37 321.7
1977-1986 0.07 1.14 0.07 1.89 0.28 0.46 434.7
1987-1996 0.06 1.94 0.03 1.36 0.22 0.78 945.1
1997-2006 0.05 2.35 -0.04 1.05 0.20 0.98 1226.9
2007-2016 0.03 2.27 -0.08 0.90 0.15 1.23 800.5

B. Standard deviation

Low competition industries

Period INV MB CF SA TC IC NF

1967-1976 0.07 1.34 0.06 0.53 0.17 0.24 318.0
1977-1986 0.07 0.90 0.12 0.59 0.17 0.32 510.9
1987-1996 0.06 0.98 0.11 0.55 0.19 0.35 282.5
1997-2006 0.05 1.05 0.15 0.55 0.21 0.47 320.6
2007-2016 0.04 1.25 0.16 0.50 0.16 0.54 306.2

High competition industries

Period INV MB CF SA TC IC NF

1967-1976 0.06 0.64 0.06 0.92 0.14 0.22 321.7
1977-1986 0.06 0.70 0.10 0.90 0.14 0.30 434.7
1987-1996 0.05 1.49 0.19 0.71 0.14 0.56 945.1
1997-2006 0.05 1.91 0.27 0.69 0.15 0.87 1226.9
2007-2016 0.03 1.86 0.31 0.61 0.14 1.11 800.5
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Table 8 (cont’d)

C. Investment regressions: INV;; = ap + a1 MB; ;1 + a2CF;+ + a3CF;, TC; ;1 + €3

Low competition industries

Period MB t-stat CF t-stat CF*TC t-stat NF R?
1967-1976 0.004 2.50 0.387 9.93 318.0 0.14
1977-1986 0.010 5.33 0.174 12.31 510.9 0.10
1987-1996 0.012 4.68 0.138 8.04 282.5 0.11
1997-2006 0.007 3.13 0.076 6.77 320.6 0.09
2007-2016 0.007 4.51 0.054 5.32 306.2 0.09
1967-1976 0.005 3.12 0.130 2.77 0.646 6.00 318.0 0.15
1977-1986 0.010 5.86 -0.010  -0.54 0.682 10.27 510.9 0.14
1987-1996 0.012 4.96 -0.015  -0.63 0.438 5.71 282.5 0.14
1997-2006 0.007 3.29 -0.014  -0.75 0.292 4.70 320.6 0.12
2007-2016 0.006 4.51 -0.028  -1.92 0.390 6.45 306.2 0.16
High competition industries
Period MB t-stat CF t-stat CF*TC t-stat NF R?
1967-1976 0.012 4.19 0.227 9.49 321.7 0.13
1977-1986 0.013 5.23 0.165 10.09 434.7 0.10
1987-1996 0.009 12.39 0.053 10.64 945.1 0.07
1997-2006 0.006 15.51 0.026 8.73 1226.9 0.09
2007-2016 0.004 8.84 0.018 6.40 800.5 0.05
1967-1976 0.012 4.61 0.077 1.74 0.527 3.06 321.7 0.14
1977-1986 0.014 5.60 0.067 2.43 0.377 3.59 434.7 0.11
1987-1996 0.009 12.67 0.006 0.76 0.243 5.64 945.1 0.08
1997-2006 0.006 15.34 0.005 1.27 0.123 5.12 1226.8 0.10
2007-2016 0.004 8.56 0.006 1.95 0.090 3.42 800.5 0.06
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Table 8 (cont’d)

D. Cash flow regressions: CF; = by + 01CF; 11 + &, 0 = /Var(&q)

Low competition industries

Period CF t-stat o¢ NF R?

1967-1976 0.596 23.05 0.033 318.0 0.42
1977-1986 0.483 15.10 0.074 510.9 0.25
1987-1996 0.465 9.75 0.072 282.5 0.25
1997-2006 0.230 3.37 0.093 320.6 0.08
2007-2016 0.294 4.83 0.094 306.2 0.09

High competition industries

Period CF t-stat o¢ NF R?

1967-1976 0.521 16.19 0.045 321.7 0.30
1977-1986 0.505 19.90 0.064 434.7 0.26
1987-1996 0.344 17.31 0.124 945.1 0.13
1997-2006 0.287 18.83 0.157 1226.9 0.12
2007-2016 0.281 13.20 0.158 800.5 0.12

E. Sales regressions In Sales;; = co +c1In TC, 41 + coIn IC 41 + i, 0 = /Var(n)

Low competition industries

Period In TC t-stat In IC t-stat oy NF R?
1967-1976 0.618 10.54 0.257 5.17 0.270 318.0 0.88
1977-1986 0.447 19.29 0.366 17.32 0.321 510.9 0.79
1987-1996 0.494 14.27 0.255 8.93 0.309 282.5 0.70
1997-2006 0.443 12.90 0.316 13.01 0.318 320.6 0.72
2007-2016 0.476 14.39 0.310 12.20 0.298 306.2 0.79
High competition industries
Period In TC t-stat In IC t-stat oy NF R?
1967-1976 0.476 12.76 0.334 8.26 0.259 321.7 0.85
1977-1986 0.411 14.86 0.340 12.72 0.327 434.7 0.71
1987-1996 0.402 23.29 0.388 21.80 0.422 945.1 0.65
1997-2006 0.361 22.41 0.423 26.82 0.504 1226.8 0.53
2007-2016 0.305 11.89 0.469 21.25 0.541 800.5 0.51
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Table 9

Old-economy firms vs new-economy firms

For old-economy firms and new-economy firms, Panels A and B of this table present the ten-
year-panel means and standard deviations, respectively, of physical investment (INV), cash flows
(CF), sales (SA), tangible capital (TC), and intangible capital (IC), all scaled by total assets,
and the market-to-book ratio (MB). MB, TC and IC are measured at the beginning of the year.
NF is the average number of firms. Panels C, D and E present the results of the investment, cash
flow, and sales regressions, respectively. The regressions are estimated with fixed firm effects.
The t-statistic to the right of an estimate is clustered at the firm-year level.

A. Mean
Old-economy firms
Period INV MB CF SA TC IC NF
1967-1976 0.08 1.33 0.11 1.53 0.36 0.32 554.1
1977-1986 0.08 1.11 0.10 1.59 0.35 0.39 535.6
1987-1996 0.07 1.47 0.09 1.36 0.35 0.47 456.3
1997-2006 0.05 1.59 0.10 1.20 0.33 0.50 527.4
2007-2016 0.05 1.69 0.09 1.11 0.28 0.56 434.1
New-economy firms
Period INV MB CF SA TC IC NF
1967-1976 0.08 1.68 0.10 1.46 0.25 0.48 118.1
1977-1986 0.09 1.81 0.06 1.38 0.24 0.59 319.9
1987-1996 0.06 2.16 0.01 1.24 0.21 0.87 593.0
1997-2006 0.04 2.59 -0.08 0.94 0.16 1.13 845.0
2007-2016 0.03 2.40 -0.11 0.84 0.13 1.40 689.1

B. Standard deviation

Old-economy firms

Period INV MB CF SA TC IC NF

1967-1976 0.05 0.89 0.05 0.62 0.15 0.20 554.1
1977-1986 0.05 0.43 0.07 0.62 0.15 0.25 535.6
1987-1996 0.05 0.72 0.09 0.57 0.17 0.31 456.3
1997-2006 0.04 0.88 0.09 0.55 0.17 0.33 527.4
2007-2016 0.04 0.95 0.08 0.55 0.17 0.38 434.1

New-economy firms

Period INV MB CF SA TC IC NF

1967-1976 0.07 1.34 0.09 0.52 0.11 0.23 118.1
1977-1986 0.08 1.15 0.15 0.59 0.13 0.35 319.9
1987-1996 0.06 1.68 0.22 0.64 0.14 0.62 593.0
1997-2006 0.05 2.04 0.30 0.65 0.14 0.96 845.0
2007-2016 0.04 1.92 0.33 0.59 0.13 1.22 689.1
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Table 9 (cont’d)

C. Investment regressions: INV;; = ap + a;MB; ;1 + a2CF;+ + a3CF;, TC; ;1 + €3

Old-economy firms

Period MB t-stat CF t-stat CF*TC t-stat NF R?
1967-1976 0.008 4.50 0.302 11.38 554.1 0.15
1977-1986 0.006 2.25 0.265 14.91 535.6 0.16
1987-1996 0.010 4.35 0.166 10.33 456.3 0.14
1997-2006 0.006 4.32 0.121 10.14 527.4 0.17
2007-2016 0.007 4.34 0.102 8.63 434.1 0.12
1967-1976 0.008 4.65 0.076 1.93 0.660 5.21 554.1 0.17
1977-1986 0.009 3.52 -0.006  -0.21 0.769 8.23 535.6 0.20
1987-1996 0.009 4.06 -0.031  -1.68 0.638 9.98 456.3 0.19
1997-2006 0.007 5.10 -0.043  -2.54 0.488 7.43 527.4 0.21
2007-2016 0.008 5.19 -0.096  -6.37 0.642 10.46 434.1 0.22
New-economy firms
Period MB t-stat CF t-stat CF*TC t-stat NF R?
1967-1976 0.005 2.82 0.214 7.05 118.1 0.12
1977-1986 0.014 8.17 0.114 10.12 319.9 0.09
1987-1996 0.009 10.62 0.052 9.60 593.0 0.08
1997-2006 0.006 13.01 0.018 5.88 845.0 0.08
2007-2016 0.004 9.29 0.016 5.58 689.1 0.04
1967-1976 0.006 3.32 0.054 1.30 0.709 3.39 118.1 0.14
1977-1986 0.014 8.33 0.036 1.89 0.364 3.99 319.9 0.10
1987-1996 0.009 10.95 0.008 0.93 0.233 4.62 593.0 0.09
1997-2006 0.006 12.99 0.008 2.09 0.060 2.36 844.9 0.08
2007-2016 0.004 9.22 0.006 1.99 0.078 2.78 689.1 0.05
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Table 9 (cont’d)

D. Cash flow regressions: CFy = by + 01CF; 41 + &, 0¢ =

Old-economy firms

Period CF t-stat
1967-1976 0.618 29.90
1977-1986 0.570 26.74
1987-1996 0.448 12.37
1997-2006 0.379 4.14
2007-2016 0.402 17.81
New-economy firms
Period CF t-stat
1967-1976 0.474 12.73
1977-1986 0.453 14.85
1987-1996 0.341 16.58
1997-2006 0.278 17.07
2007-2016 0.267 13.08

Var(&:)

O¢
0.031
0.044
0.060
0.064
0.062

O¢
0.059
0.102
0.143
0.176
0.173

E. Sales regressions In Sales;y = co +c1In TC; -1 + coIn IC; 11 + 1yt

Old-economy firms

Period In TC t-stat In IC t-stat
1967-1976 0.545 19.18 0.300 9.93
1977-1986 0.504 21.69 0.296 14.75
1987-1996 0.522 19.89 0.273 12.19
1997-2006 0.546 25.28 0.275 15.96
2007-2016 0.476 14.61 0.349 15.01
New-economy firms
Period In TC t-stat In IC t-stat
1967-1976 0.426 10.56 0.385 9.16
1977-1986 0.357 15.42 0.433 19.45
1987-1996 0.386 19.24 0.406 18.47
1997-2006 0.355 19.05 0.418 21.19
2007-2016 0.305 11.94 0.474 18.57

On
0.228
0.243
0.290
0.294
0.299

0.323
0.386
0.460
0.550
0.559

NF R?
5541 0.45
5356 0.34
4563 0.23
5274 0.19
4341 0.20
NF R?
1181 0.27
3199 0.23
5930 0.13
8450 0.12
6891 0.12
Var(n)

NF R?
554.1 0.89
535.6 0.79
456.3 0.75
527.4 0.80
434.1 0.82
NF R?
118.1 0.88
319.9 0.76
593.0 0.63
844.9 0.44
689.1 0.45
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Table 10

Unconstrained firms vs constrained firms

For unconstrained firms and constrained firms classified by the Whited-Wu index, Panels A and
B of this table present the ten-year-panel means and standard deviations, respectively, of physical
investment (INV), cash flows (CF), sales (SA), tangible capital (TC), and intangible capital (IC),
all scaled by total assets, and the market-to-book ratio (MB). MB, TC and IC are measured
at the beginning of the year. NF is the average number of firms. Panels C, D and E present
the results of the investment, cash flow, and sales regressions, respectively. The regressions are
estimated with fixed firm effects. The t-statistic to the right of an estimate is clustered at the
firm-year level.

A. Mean
Financially unconstrained firms
Period INV MB CF SA TC IC NF
1967-1976 0.08 1.41 0.12 1.58 0.35 0.34 840.5
1977-1986 0.08 1.19 0.12 1.62 0.34 0.40 1068.2
1987-1996 0.07 1.59 0.11 1.39 0.33 0.48 1075.5
1997-2006 0.06 1.88 0.10 1.16 0.29 0.53 1181.0
2007-2016 0.05 1.79 0.10 1.04 0.24 0.61 992.3
Financially constrained firms

Period INV MB CF SA TC IC NF
1967-1976 0.07 1.34 0.09 1.66 0.29 0.41 506.4
1977-1986 0.07 1.38 0.05 1.59 0.26 0.56 745.0
1987-1996 0.05 1.82 -0.01 1.35 0.23 0.81 920.2
1997-2006 0.04 2.16 -0.09 1.12 0.20 1.07 1151.3
2007-2016 0.03 2.16 -0.13 0.99 0.17 1.32 853.1

B. Standard Deviation

Financially unconstrained firms

Period INV MB CF SA TC IC NF

1967-1976 0.06 1.07 0.06 0.64 0.15 0.22 840.5
1977-1986 0.06 0.59 0.07 0.65 0.15 0.24 1068.2
1987-1996 0.05 0.96 0.08 0.59 0.16 0.32 1075.5
1997-2006 0.05 1.38 0.10 0.58 0.18 0.36 1181.0
2007-2016 0.04 1.14 0.09 0.52 0.17 0.41 992.3

Financially constrained firms

Period INV MB CF SA TC IC NF

1967-1976 0.07 0.98 0.08 0.75 0.15 0.23 506.4
1977-1986 0.07 0.95 0.13 0.76 0.15 0.35 745.0
1987-1996 0.06 1.50 0.20 0.71 0.16 0.61 920.2
1997-2006 0.05 1.87 0.29 0.73 0.17 0.94 1151.3
2007-2016 0.04 1.92 0.33 0.69 0.17 1.23 853.1
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Table 10 (cont’d)

C. Investment regressions: INV;; = ap + a1 MB; ;1 + a2CF;+ + a3CF;, TC; ;1 + €3

Financially unconstrained firms

Period MB t-stat CF t-stat CF*TC t-stat NF R?
1967-1976 0.005 4.29 0.345 16.02 840.5 0.16
1977-1986 0.008 5.37 0.292 20.58 1068.2 0.16
1987-1996 0.007 6.67 0.192 17.33 1075.5 0.14
1997-2006 0.007 10.08 0.106 15.86 1181.0 0.17
2007-2016 0.006 7.24 0.084 11.61 992.3 0.11
1967-1976 0.005 4.80 0.117 4.18 0.676 8.38 840.5 0.18
1977-1986 0.011 7.58 0.036 1.64 0.766 11.56  1068.2 0.19
1987-1996 0.009 7.92 0.018 1.15 0.588 11.92  1075.5 0.17
1997-2006 0.007 10.78  -0.017  -1.93 0.489 12.84 1181.0 0.21
2007-2016 0.007 .40 -0.0561  -5.96 0.577 12.52 992.3 0.20
Financially constrained firms
Period MB t-stat CF t-stat CF*TC t-stat NF R?
1967-1976 0.010 5.74 0.207 12.61 506.4 0.11
1977-1986 0.012 7.20 0.130 14.85 745.0 0.07
1987-1996 0.009 11.50 0.050 11.51 920.2 0.06
1997-2006 0.006 13.65 0.021 8.01 1151.3 0.06
2007-2016 0.004 9.98 0.017 6.91 853.1 0.04
1967-1976 0.010 6.36 0.085 2.78 0.434 3.63 506.4 0.12
1977-1986 0.012 7.37 0.077 5.34 0.217 3.35 745.0 0.08
1987-1996 0.010 11.89 0.013 1.90 0.182 5.34 920.2 0.07
1997-2006 0.005 13.56 0.009 2.79 0.068 3.67 1151.3 0.06
2007-2016 0.004 9.83 0.011 3.70 0.038 1.93 853.1 0.04
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Table 10 (cont’d)

D. Cash flow regressions: CF; = by + 01CF; 11 + &, 0 = /Var(&q)

Financially unconstrained firms

Period CF t-stat o¢ NF R?

1967-1976 0.596 34.57 0.032 840.5 0.41
1977-1986 0.565 33.96 0.044 1068.2 0.35
1987-1996 0.434 11.95 0.060 1075.5 0.25
1997-2006 0.280 10.25 0.081 1181.0 0.14
2007-2016 0.381 13.89 0.075 992.3 0.20

Financially constrained firms

Period CF t-stat o¢ NF R?

1967-1976 0.465 24.36 0.051 506.4 0.26
1977-1986 0.439 21.46 0.090 745.0 0.20
1987-1996 0.341 18.42 0.138 920.2 0.13
1997-2006 0.293 19.52 0.170 1151.3 0.12
2007-2016 0.281 14.94 0.174 853.1 0.12

E. Sales regressions In Sales;y = co + 1 In TC, 41 + coIn IC; 41 + i, 0 = /Var(n)

Financially unconstrained firms

Period In TC t-stat In IC t-stat oy NF R?
1967-1976 0.539 24.61 0.303 13.45 0.227 840.5 0.90
1977-1986 0.460 27.23 0.336 23.01 0.247 1068.2 0.84
1987-1996 0.496 27.11 0.281 17.58 0.290 1075.5 0.78
1997-2006 0.479 27.58 0.303 22.37 0.317 1180.9 0.76
2007-2016 0.391 10.45 0.392 15.62 0.318 992.3 0.78
Financially constrained firms
Period In TC t-stat In IC t-stat oy NF R?
1967-1976 0.455 12.41 0.387 11.80 0.307 506.4 0.85
1977-1986 0.392 23.51 0.388 21.62 0.388 745.0 0.67
1987-1996 0.381 25.47 0.399 21.40 0.451 920.2 0.56
1997-2006 0.335 22.75 0.422 23.00 0.524 1151.2 0.40
2007-2016 0.314 17.97 0.350 13.60 0.553 853.1 0.28
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Table 11
Balanced-panel firms

For balanced-panel firms, Panels A and B of this table present the ten-year-panel means and
standard deviations, respectively, of physical investment (INV), cash flows (CF), sales (SA),
tangible capital (TC), and intangible capital (IC), all scaled by total assets, and the market-to-
book ratio (MB). MB, TC and IC are measured at the beginning of the year. NF is the average
number of firms. Panels C, D and E present the results of the investment, cash flow, and sales
regressions, respectively. The regressions are estimated with fixed firm effects. The t-statistic to
the right of an estimate is clustered at the firm-year level.

A. Mean

Period INV MB CF SA TC IC NF
1967-1976 0.09 1.76 0.12 1.50 0.37 0.38 44
1977-1986 0.09 1.19 0.13 1.51 0.40 0.43 44
1987-1996 0.07 1.64 0.12 1.30 0.38 0.55 44
1997-2006 0.05 2.07 0.11 1.12 0.32 0.60 44
2007-2016 0.04 1.90 0.10 1.03 0.26 0.63 44
B. Standard deviation

Period INV MB CF SA TC IC NF
1967-1976 0.04 1.48 0.05 0.72 0.14 0.22 44
1977-1986 0.05 0.46 0.05 0.59 0.15 0.24 44
1987-1996 0.04 0.80 0.06 0.49 0.15 0.32 44
1997-2006 0.03 1.33 0.08 0.44 0.15 0.37 44
2007-2016 0.03 0.83 0.07 0.46 0.15 0.38 44

C. Investment regressions: INV;; = ap + a1MB; ;1 + a2CF; 4 + a3CF;;TC; ;1 + €3

Period MB t-stat CF t-stat CF*TC t-stat NF R?

1967-1976 0.001 0.31 0.335 3.56 44 0.15
1977-1986 -0.002 -0.52 0.265 4.18 44 0.15
1987-1996 0.006 1.39 0.162 2.97 44 0.14
1997-2006 0.000 0.05 0.087 2.71 44 0.26
2007-2016 0.005 1.92 0.072 3.22 44 0.14
1967-1976 0.000 -0.04 -0.010 -0.10 0.943 4.11 44 0.21
1977-1986 0.001 0.25 -0.108 -1.19 0.991 4.98 44 0.21
1987-1996 0.008 2.24 -0.157  -1.65 0.703 3.71 44 0.20
1997-2006 0.002 0.96 -0.111 -2.19 0.620 4.26 44 0.33
2007-2016 0.004 1.75 -0.140 -3.52 0.863 3.61 44 0.30
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Table 11 (cont’d)

D. Cash flow regressions: CF;; = by + b1CF; ;1 + &, 0 = v/ Var(&y)

Period CF t-stat o¢ NF R?
1967-1976 0.805 21.42 0.022 44 0.66
1977-1986 0.672 11.03 0.028 44 0.44
1987-1996 0.326 3.06 0.040 44 0.14
1997-2006 0.218 1.14 0.059 44 0.07
2007-2016 0.386 3.76 0.056 44 0.18
E. Sales regressions In Sales;y = co + 1 In TC, 41 + coIn IC; 41 + i, 0 = /Var(n)

Period In TC t-stat In IC t-stat oy NF R?
1967-1976 0.543 9.47 0.366 4.93 0.224 44 0.87
1977-1986 0.458 6.88 0.430 5.73 0.181 44 0.81
1987-1996 0.486 7.79 0.357 3.19 0.164 44 0.74
1997-2006 0.631 9.84 0.142 2.01 0.234 44 0.73
2007-2016 0.567 10.39 0.293 5.72 0.245 44 0.83
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Figure 1. Number of high-tech firms and Firms listed on NYSE/AMEX/NASDAQ
This figure shows the number of high-tech manufacturing firms (top panel) and that of manu-

facturing firms listed on NYSE, AMEX and NASDAQ (bottom panel).
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