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Abstract

In this paper we make two contributions. First, we focus anrble of cash flow
uncertainty on corporate employment and corporate investimolicy and develop
two cash flow risk measures. Our second major contributiayursconsideration
of both tangible and intangible corporate investments. W fhat both our cash
flow risk measures are significantly negatively correlatéith worporate employ-
ment and corporate investments in tangible assets. Sebotidthese risk measures
are also significantly negatively correlated with corperatzestments in intangible
assets. Furthermore, we document that both our risk mesabave had a more neg-
ative impact on corporate employment and corporate invastsnin both tangible
assets and intangible assets during the current econorgsgien of 2008-2009.
These findings have significant policy implications. To wfipolicy makers would
like corporations to increase their employment and invesitirthey should focus on
policies that decrease corporate cash flow uncertainty.

*We would like to thank Anil Abbaraju for excellent researcsiatance with this project. All errors are
ours.



. Introduction

Business observers and policymakers have repeatedlyl reaseerns about the decrease
in corporate investment activity during the ongoing finah@nd economic crisis that
started in the fall of 2007. Given the direct and indireceef$ of corporate investment in
increasing employment, corporate investment is undetataly of critical policy impor-
tance.

Corporate investment policy has been studied by corporzd@de scholars for the better
part of the past century. The net present value investmeigide rule is a well-accepted
paradigm. Firms will invest in a new project if the expectaditflows are positive. As ex-
pected cash flows increase, businesses are more likelydastirzqually important, as the
uncertainty of these cash flows increases, businessessaiiigy to invest. Palicies that
increase expected cash flows, and decrease the uncerthfature cash flows will help
increase corporate investment activity. Given the wideptance of the net present value
paradigm, it is puzzling that the role of cash flow uncertaom corporate investment has
received such scant attention.

In this paper we make two contributions. First, we focus antible of cash flow un-
certainty on corporate investment policy. We consider apection economy with com-
petitive firms. Production requires two types of inputs, ejntangible and intangible
capital. We develop two cash flow risk measures. The first mglasure captures the
conditional variance of the elasticity of output with resp® tangible capital, while the
second risk measure focuses on the conditional variandeabtal factor of productivity.
We construct these risk measures using the level of S&P 5@Qility index, VIX, and
the one-year historical volatility of the equally-weigtitesk-adjusted equity returns in
the particular firms industry.

Our second major contribution is our emphasis on both tdagibd intangible corporate
investments. For at least the past decade, investmenttimible assets by U.S. corpo-
rations has been substantially greater than investmetdasgible assets; for example, see
Figure 1. Furthermore, the ratio of corporate investmamiatangible assets to tangible
assets has grown secularly over the past several decadesn tBat U.S. corporations
have been increasing their emphasis on intangible invegsné is surprising that the
academic literature on corporate investment policy hasimeed to focus on tangible in-
vestments; for example see Kaplan and Zingales (1997) afatfubbard, and Petersen
(1998), Whited and Wu (2006), and Duchin, Ozbas, and SerZai0). We cite these
papers because of their significant contribution to our wstdading of the determinants
of corporate investments in tangible assets. A vast nunfeiditional papers have also
focused on corporate investments in tangible assets. Tiaateiterature on corporate
investments in intangible assets is comparatively quitdeab Bhagat and Welch (1995),
and Fee, Hadlock, and Pierce (2009). However, even thessapnsider but subsets
of intangible assets; for example, Bhagat and Welch con&td® investments, whereas
Fee, Hadlock and Pierce focus on advertising expenditivesconsider several different



measures of a more comprehensive set of corporate investingntangible assets.

Corporate intangible investments include R&D, brand naete, More importantly, it

includes investments in human capital, which, to a first deg@f approximation is proxied
by corporate employment. Many policy-makers consider @@e employment policy to
be one of the most significant corporate policy decisions.

We find that both our risk measures, namely, the conditioagbrce of the elasticity of
output with respect to tangible capital and the conditioraalance of the total factor of
productivity, are significantly negatively correlated ivitorporate investments in tangible
assets. Second, both these risk measures are also sighyficagatively correlated with
corporate employment and corporate investments in inbdengissets. These empirical
findings are robust to a battery of specification tests.

Given the intense current interest among business obseamersenior policy makers on
corporate investment activity and its related impact omeaac growth and employment,
we next turn our attention to the impact of our risk measuresarporate employment
and corporate investments in tangible and intangible ssketng the recent and ongoing
recession. We document that both our risk measures have madeanegative impact on
corporate employment and corporate investments in botjiliEnassets and intangible
assets during the current economic recession of 2008-2010.

These findings have significant policy implications; if pylimakers would like corpo-
rations to increase their investment activity, they shdollis on policies that decrease
corporate cash flow uncertainty. Specifically, to the extmrporations are uncertain
about the implementation and the implementation-timetihthe health reform act, and
the impact of this act on their costs of hiring and retainingptoyees - a clarification
of the implementation and the implementation-timeline led health reform act would
encourage corporations to invest more and hire more emgdoy®imilarly, to the extent
corporations are uncertain about the implementation amdntiplementation-timeline of
the environmental cap-and-trade reform and corporateefaxms - a clarification of the
implementation and the implementation-timeline of thesdrenmental and tax reforms
would encourage corporations to invest more and hire moEa@es.

The relationship between investment and uncertainty has the focus of many theoreti-
cal and empirical studies for the past 50 years. From a theakstandpoint, the literature
has reached the consensus that the sign of the investmesrttainty relationship is pos-
itive if the marginal revenue product of capital is convexpnoductivity shocks - this is
known in the literature as the Hartman-Abel-Caballero@ffeand negative if investment
is partially irreversible and the marginal revenue prodiictapital is concave in produc-
tivity shocks? From an empirical standpoint, most of the evidence seemsppast a

1For models that predict a positive investment-uncertaistgtionship see Hartman (1972), Caballero
(1991), Abel (1983), Abel (1984), and Abel (1985). For madbht predict a negative investment-uncertainty
relationship see Pindyck (1988), McDonald and Siegel (198&Donald and Siegel (1986), Dixit and
Pindyck (1994), Saltari and Ticchi (2007).



negative investment-uncertainty relationship.

Our model assumes a marginal revenue product of capitaisicancave in productivity

shocks and therefore it falls into the category of modelsphedict a negative investment-
uncertainty relationship. However, unlike most of the nisde this category, our model
allows for tangible and intangible capital and it differiatets between the productivity of
the two types of capital. Most importantly, our model is mgeneral as it allows for

both equity and debt financing, is more tractable - the imrest-uncertainty relationship
can be obtained analytically -, and delivers importantiig&ins which we exploit in the

empirical part of the paper.

Our paper also differentiate from the extant empiricatéitare that study the relationship
between investment and uncertainty. Unlike most empistadies in this literature, our
measures of uncertainty are not based on firm-level equityne. Instead our uncertainty
measures are extracted simultaneously with the prodtycstiocks and therefore are less
prone to potential endogeneity issues that arise typiealign using uncertainty measures
based on the firm-level equity returfs.

The remainder of the paper is organized as follows. Sectidavelops our model of the
production economy and motivates our two cash flow risk measiEection Il estimates
the main parameters of our model and backs out the prodiycstiocks. Section IV
constructs our two cash flow uncertainty measures. Sectioméstigates empirically the
relationship between investment and cash flow uncertahimally, Section VI concludes
with a discussion of our results.

[I. A Model of Investment under Uncertainty

We begin with a theoretical analysis of the relationshipvaein corporate investment and
cash flow uncertainty. The framework that we develop in thitien will serve two pur-
poses: First, it will allow us to sign the relationship betmeoptimal investment in either
tangible or intangible assets and the moments of the conditdistribution of cash flow
uncertainty. Second, it will provide a natural framework iidentifying sources of cash
flow uncertainty in the data and guide us towards uncovehiegonditional moments of
these sources of risk.

Consider a production economy with competitive firms. Potidn requires two types
of inputs namely tangible and intangible capital. Firmsrapeat full capacity and their

2See for instance Leahy and Whited (1996), Bulan (2005), &ra&005), Bloom, Bond, and van Reenen
(2007), Bloom (2009) and Panousi and Papanikolaou (201189sd studies also provide extensive literature
review.

3There is an extensive literature documenting a strong letvben investment post stock performance
(including stock volatility). See for instance Andersordaaarcia-Feijoo (2006) and Cooper, Gulen, and
Schill (2008).



output is characterized by the following Cobb-Douglas piabn function

v = F k0,68 = 0,7 [a(6T)? + (1 — a) (k€))7 1)
Note that tangible and intangible capital enter the pradactunction through a CES
function. The production function depends on two prodiigtishocks.8; is the produc-
tivity shock capturing a firm’s technological innovationdeexcess demand for its output.
¢} captures the productivity shock of the intangible capitadl & helps drive a wedge
between the productivity of two types of capital. We assuinaeg' > 0.

An important property of this productivity function, whichill prove quite handy later
on, is that elasticities of output with respect to eitheretgb capital add up to a constant.

That is
OF kT oF k!
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Let~/ denote the instantaneous elasticity of output with resjpeteingible capital. Using
the definition of the productivity function we have that

o OF kT ay
t = = P : 3
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In particular, notice that if/ is constant, then the output function does not depend on
kl and¢}. We now substitute the previous formula into the definitibowatput, and after
taking logs we obtain that

log y; = %log(a’v) +vlogkl — %log%T + (1 —7)log ;. (4)

This equation offers an alternative description of outphtoly does not depend directly
on intangible capital stock/ and relative productivity of intangible capitg}. To the
extent thaty/ is known, equation (4) can be used to estimate the main paessnaf the
productivity function. We will formalize this point in theemt section.

Let B; denote the outstanding amount of debt apl; denote its coupon payment. Then
the realized net worth of the representative firm can be difiye

- (1+ (1 _TC)Tt)Bt-

67 and s’ are depreciation rates for tangible and intangible capieslpectively.¢? are
the costs associated with production. We assume that theteltave the following form

& = ap + arki + Biye + ue, (6)
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where the first two terms combined capture fixed costs of ftioly the third term cap-

tures variable costs of production and the last term captumeertainty in production costs
that is unrelated to either tangible assetsor outputy. o, o1, and3; are constants. We
assume thaf; < 1 to preclude negative marginal profits.

The equityholders’ problem of the representative firm beessm

V (wtyetvétlvétz) = , max {wt - k‘gd -(1- TC)ktI—‘rl + Bt
kt+l7kt+1’Bt+1 (7)

+ BEt [V (’LUH_l, Ht-i-la Stl-‘rla §t2+1)] }

subject to the constraints

kb > kT

ki, >0 (8)
By < ;?}212 w(k}a—h ktl+17 0,0, 51 ) 52) = wL(kZl—lv ktI—l-l)

)

The last constraint in (8) ensures that corporate debt kiegs and therefore; is the
default-free bond yield. To simplify the exposure, we denote witht (k/, ,, k!, ;) the
right-hand side of this constraint.

Let A} > 0, A/ > 0and\? > 0 denote the Lagrange multipliers of the three constraints.
The first order conditions fot”', k! and B together with the envelope conditions yield

L= N = MPwi (b k)

3 =1—(1—70)[ar + 67+

(1 —710)(1 = B1)Ey [Fr(kfy, k1, 01, 6541)]

=1— 6"+ (1= B E; [Falklir, by, 0001, 601)]

(9)

L= N = Mwy (ki k)

Bl —71¢)

1-\B
g

subject to the Kuhn-Tucker complementary slackness doneit! (k7 , — k') = 0 and
ALy = 0,

Our goal is to establish a link between investment decisimtsconditional variances of
the uncertainty shocks in our model. We focus on the dedwatif this relationship for
physical investmert.

=14 (1 —71¢0)ry,

4Since the time period in our model is 3 months (a quarterpecomes the YTM of the 3-month U.S.
Treasury Bills.
The derivation for intangible investment are availablerupequest.



Suppose > 0 andu > 0 are such thaf, > @ andu; < 4, for all t. Then,w’” can be
computed explicitly as follows

wh (T K1) =(1 = 70) [(1 = 88" 0% (KT)T — @ — ag — (o + 8T )kT | + (10)
KT+ (1= 70)(1 — 6T)RT.

It follows immediately that the partial derivatives of” (k7 k7) can be computed with
the following formulas

w

(KT k) =(1 = 70) [(1 = B8 s (K777 = (o +07)] + 1.

L
1 (12)

wy (kT k") =(1 - 7c)(1 - &)

Going back to the definition of output and making use of thetaddy of output with

respect to tangible capital, we obtain also that

ol
P

Fi(KT K ,0,77) = (va)» (KT 71017 (1) 7o (12)

We now substitute the last two formulas in (9) and solvekﬁlfl (away from the boundary
valuek™). We obtain

bl _ _ _ _
(1= 70)(1 = B1)(va)» { BB ()" 7]+ AB 5! 5
Bl —7c)re + (ar + 0T)[B(1 — 7¢) + AP]
The previous equation shows that the determinants of imeydt are the interest rates
r, and the conditional joint distribution of productivity sttof and elasticityy”. In

particular, investment depends on the second moments ofidinginal distributions of
and~T.

(k) =

(13)

Similarly, we can show that the optimal stock of intangibdgital (away from the bound-
ary value0) is given by

X
1=y (I =70)B(1 = B[ —a)]?

1= — o)1 - 51)Et[9t1+_f(v ) TrEY). a4

(Kfs1)

We notice that the determinants of investment in intangdalpital are the interest rates
r, and the conditional joint distribution of productivity sttod, elasticityy — ~7, and
relative productivity shock of intangible capitgl. In particular, investment depends on
the second moments of the marginal distributiong ahd~y — 7.

In order to sign the relation between investment and theamaég of eithe¥ or 7T, we

approximate the conditional expectation in the previous tarmulas using a bivariate
Taylor polynomial. We focus on the investment in tangiblgitad, as the analysis for
investment in intangible capital is quite similar. Speaeifig, we approximate the function

7



_ _x . .
9(01,751) = 07 ()" 7 around (By[6;41], Ei[vE,]) using a quadratic Taylor
polynomial. We obtain

Ei[g(0rs1,781)] =(Eelbisa]) (B D) 7

=20 EBe) BB anor]

- %(1 - %)(Et[etﬂ])l—wEtmﬁﬂ)‘l‘%Vamﬁl]
+ (-0 - %)(Et[em])-mhﬁﬂ)‘%cmtwtﬂ,%TH].

(15)

One can derive a similar approximation for the conditionadeztation in equation (14).
To sign the relationship between investment and and theitimmal variance of eithef or
7, we substitute the conditional expectations in (13) andl\{dth their Taylor polynomial
approximations. We obtain the following result:

Proposition 1 Supposey > 0. Then, investment in either tangible or intangible capital
is inversely related to the conditional variancedofin addition, the relationship between
investment and the conditional variancegf is negative, ify < min{p,1} or v >
max{p, 1}, and positive ifmin{1, p} < vy < max{1, p}.

Proposition 1 shows that in our model the relationship betwiavestment and the con-
ditional variance of eitheé or 7' is negative, as long ag satisfies certain parameter
constraints. For the case when< 1 this result is reminiscent of the negative investment-
uncertainty relationship uncovered by Pindyck (1988), MoBld and Siegel (1985,86),
and Dixit and Pyndick (1994) in a model where marginal prachfaevenue is a con-
cave function of the productivity shock. Our result is stlghmore general as it covers
investment in both tangible and intangible capital andlétes these investments with the
conditional variances of the productivity shocks of botpety of capital.

We derive two testable implications from this result, namel

Hypothesis H1 Investment in either tangible or intangible capital is atdgely related to
the conditional variance of the productivity shatk

Hypothesis H2 Investment in either tangible or intangible capital is adgely related
to the conditional variance of the productivity shogk, as long asy < min{p, 1} or

v > max{p, 1}.

For the remainder of the paper we show how to approximate dhéitonal variance
of the productivity shocks and then we test empirically Htl 2. The next section
shows how to back out the productivity shocks from the dathlaw to construct their
conditional variances.



[Il.  Measuring cash flow uncertainty

In order to test empirically hypotheses H1 and H2 we need topce the conditional
variances of the productivity shocksand~”. However, neither of these two shocks are
observable. In this section we attempt to back out theseuptivity shocks from the data
and approximate their conditional variances.

We start withy”. The definition in (16) suggests that depends on the productivity
function parameters, -, andp as well as the stock and the relative productivity of intan-
gible capital. This approach is problematic because nditiese parameters nor the stock
and relative productivity of intangible capital are stigigrward to estimate.

Recall thaty” is the elasticity of output with respect to tangible capi@he can estimate
this elasticity at the firm level as the slope coefficient ia @LS regression dbg y; on
log k7. The resulting elasticity coefficient is clearly firm-sgfecbut also time-invariant.
This approach is also problematic because in our analysistempret this elasticity co-
efficient as a proxy for the relative productivity shock ofaingible capitak - which is
time-varying.

Our approach to obtaining a time-varying estimate for tiastaity coefficienty” relies
on a simple observation: If the elasticity of output withpest to tangible capital is
identical for all firms within the same industry, one can restie this elasticity as the
slope coefficient in the cross-sectional regression of ldgwt on log tangible capital. In
other words, as long as the elasticity remains fixed withinnaustry we can estimate

it using cross-sectional variation rather than time-sevigiation in output and tangible
capital stock.

We now describe this approach in more detail. 4,6t = 4+, for all firmsi in industry
J. Then,»*’ can be estimated as the slope coefficient in the followingpiittdustry
cross-sectional regression

log yi = az + ;" log k™" + €k, (16)

wherei is in industry.J ande; are i.i.d. homoskedastic errors with cross-sectional mean
Ey[¢l] = 0. To compute the conditional variance gf" we assume that the time-series
dynamics ofy,* take the following form

logny = ph + p't + €, 17)
where the errorsé are serially uncorrelated but heteroskedastic, with dadil mean
zero and conditional variandg;_;[(€})?] = [ni_,]?.

In order to estimate the model in (17), we have to specify tivetional form of the
conditional variance®]?. We assume the following linear specification

i]* = ¢, (18)

9



wherez; is an exogenous vector of variables, universal across fikiesaddress below
the issue about the choice of variablesSuppose for now thatis known.

The model in (17) together with the specification (18) can &trated via two-stage
generalized least square (GLS the first stage we estimate the ordinary least square
(OLS) residuals? from (17). In the second stage we projéconto z; to obtain estimates
for the conditional varianceg)i]?. The estimates for the conditional variandg§? are
then used to construct GLS estimatesf§rand ‘.

One important advantage of using the approach above toaistitine elasticityytT " and

its conditional variancéyi]? is that we obtain a readily available time-seriespr that
does not depend on the productivity shocks or parametergduield in the productivity
function. As a result, we can treat the elasticitig%i as observable and we can use
equation (4) to extract information about the productiahockd.

In order to estimate the productivity shoékand its conditional variance, we start by
assuming that the time series dynamicséf¢ake the following form

(1 =~")log b} = v + V't + ¢, (19)

where the errors: are serially uncorrelated but heteroskedastic, with dadil mean
zero and conditional variandg;_1[(¢})?] = [0 _,]. For the functional form of the con-
ditional variancego;_,]? we assume a linear specification

[0]? = ©""wy, (20)

wherew; is an exogenous vector of variables, universal across filesaddress below
the issue about the choice of variablesSuppose for now that is known.

Substituting the dynamics #fin the original output equation (4) we obtain

)

. . . . Z' . .
logyi = V4 + ¥ log(a'~y%) + it + 7' log ki — T log . + €l (21)
o o

In this specification we notice thaf anda}, cannot be simultaneously identified, and we
have to normalize one of them. We choose to normaljze: 0, for all firms:.

The model in (21) together with the linear specification [tgi? in (20) can be estimated
using again two-stage GLS. The procedure is identical tootiee used to estimate the
model in (17), and we skip the details for brevity.

We now discuss the choice of exogenous variableand w;. The defining property
of these sets of variables is that they have to contain irdtion about the conditional
variances of future cash flows;]? and[c}]2. Some of the variables likely to satisfy this
property are aggregate measures of volatility such as meekan volatility or industry
equity return volatility. We choose to be the level of S&P 500 volatility index, VIX. We

6See Greene (2008) or Harvey (1990) for a detailed desaniptichis methodology.
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choose the set of variablesused in the estimation of model (17) for firito be the one-
year historical volatility of the equally-weighted riskljasted equity returns in industry
in which firm i belongs’ Since variables: are historical volatility measured based on
risk-adjusted industry returns, the informational contefnvariablesz will not overlap
much with that ofw. Thus in order to proxy for cash flow uncertainty we can udeeeit
[ni]? or [0}]? separately, ofi]? and[o?]? jointly. In the empirical tests in the next section
we consider all these alternative measures of cash flow tanat

We estimate the models in (17) and (21) firm by firm. Figure 25@dmnual cross-sectional
aggregates (medians) of these cash flow uncertainty measStatistics tables for our
parameter estimates are not reported but are availablerarak

The next section uses the estimated conditional variam¢sand|o?)? to proxy for cash
flow uncertainty and to explore the empirical relationshgtween corporate investment
and cash flow uncertainty.

IV. Empirical relationship between investment and uncertanty

In this section we focus on testing our two hypotheses, nakigland H2.

We use the estimates of the conditional variarigg$ and[o?]? from the previous section,
either separately or jointly, to proxy for corporate futgesh flow uncertainty.

Unlike most empirical tests on the relationship betweempa@te investment and uncer-
tainty, we expand the scope of the notion of corporate imrest and include investment
in both tangible and intangible assets. In addition, we idkgeparate investment mea-
sures for investment in intangible assets that are eXglicapitalized or expensed but not
related to human capital and investment in human capitf.its

We measure investment in tangible assets as the ratio dhtagpenditure to lagged net
property, plant, and equipment. Our measures of investmenitangible assets are based
on proxies for the stock of intangible capital and humanteapiVe defer our discussion
about how we construct these proxies to subsections B. abel@v. Our sample consists
of the intersection of firms in the CRSP and COMPUSTAT datab#ar the period 1972-
2009 for which data are available.

Let Invi, , denote one of our corporate investment measures. In ordesttéor empirical
investment-uncertainty relationships we employ panalaggjons of the following form

Invi, | =do + dya} + dalog 0} + dso} + dylog /" + dsmj; + ;. (22)

Variablesz! includes various firm characteristics known to impact itvesnt - we address
the firm characteristics below. Among the independent kitgsawe also includéog 0;

"Equity returns are risk-adjusted relative to equity marlksk only.
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and log fytT " to capture business cycle corporate investment effecte fdtmer is the
de-trended version dbg 0:.8

We consider various specifications of the regression (22¢widing on whether we proxy
for cash flow uncertainty with one of the conditional variesie);|? and[c?¢]? or with both.
In all cases, we cannot reject H1 or H2iif < 0 andds < 0.

As noted above, regression (22) includes among independeables certain firm char-
acteristics,xi, that are known to impact corporate investmenthe vector of variables
x! includes four such firm characteristics, namely averagéri®l - measured as the
ratio of market assets (market equity plus long-term debt)dok assets - to proxy for
the investment opportunity set, cash-to-assets and casgtdloapital ratios to proxy for
financial slack, and book leverage to proxy for debt overhaBipce all variables sug-
gested by our model are not perfectly observable but ratiersfil-out from the data, we
include 2% in all our specifications to ensure that our variables do imoply proxy for
known investment determinants.

A. Tangibles investment and cash flow uncertainty

Ouir first pass at testing the validity of hypotheses H1 andsH® run (22) on the entire

sample. Table Il and Table Il report the results for tangibhd intangible investment,

respectively. To better understand the marginal coniohutf the variables suggested by
our model, we run four specifications of regression (22)lkdbé& V.

We start by focusing on the results on tangible investmeiné résults in Table Il provide
overwhelming support for both hypotheses. Tangible imaest is strongly positively
related to the TFP shoak and strongly inversely related to its conditional varignee
Tangible investment is also positively related to the @igty” - though not statistically
significant in specification Il - and strongly negativelyated to its conditional variance
n;:. We emphasize that these relationships are staftegcontrolling for the determinants
z. In fact, relative to the specification |, any of the specitfimas Il, Il or IV in Table Il
reveal that the coefficients in front ef change only marginally once we includg o,
v, andn;. This result is also consistent with the small correlatioefficients between
these two groups of variables documented in Table I.

Since variableg; andn; proxy for cash flow uncertainty, the results of Table Il rdveea
strong negative relationship between corporate investinéangible assets and cash flow
uncertainty. This relationship is strong both statisticahd economically. For instance,
from specification IV, one unit increase in the conditiortahslard deviation of; (i.e. oy
doubles) reduces tangibles investment by 31%, while oneinsrease in the conditional
standard deviation of/ (i.e. n; doubles) reduces tangibles investment by 28.4%.

83pecifically,log 6 equals the residual from the model in equation (21).
°See for example Panousi and Papanikolaou (2010) for a meeetretudy that reviews these firm char-
acteristics.
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Next, we investigate whether the strong relationship betwangibles investment and
uncertainty is driven by a particular time sub-period in eample. To see this we run
the regression (22) for four different sub-periods spagtie entire sample period 1972-
2009. These sub-periods are 1972-1990, 1991-2000, 2002.-a6d 2008-2009, and they
are delimited by the economic recessions of 1991, 2001, aed8? Table V reports the
results.

We notice that in each of the four sub-periods the coeffisigmffront of eithero; or n;
are all negative and almost all statistically significahie(exception is the coefficient of
1 for the sub-period 1972-1990). These results show thattbegnegative relationship
between tangibles investment and uncertainty is robussadifferent time periods.

Table V also shows the coefficients in frontgfdo not vary much across the four sub-
periods (they range betweerD.282 and—0.210), and they are fairly close in magnitude
to the coefficient in front ob; from Table Il. However, the same cannot be said about
the coefficients in front ofy,. These coefficients range from0.794 to —0.114, and they
can be quite far from the estimate of the coefficient in frantjofrom Table II. While
these results are informative, one should exercise caintiioerpreting them because the
variability of botho; andrn; can change substantially from one sample to another.

The previous discussion about the variability of coeffitsan front of o, andr; suggests
that the relationship between tangibles investment aneérnteinty changes over time.
The natural question in this context is whether the relatigm between tangible invest-
ment and uncertainty changes in a predictable fashion athreomy transitions from an
expansionary regime into a recessionary regime.

Our model can help with the predictable component. Equ#libhshows that the strength
of the relationship between investment and uncertaintpvsrsely related to the condi-
tional mean of either the TFP shogkor the elasticityy/ . Since these conditional means
are smaller in economic recessions than in economic expas)our model predicts that
the investment-uncertainty relationship becomes stioagéhe economy transitions from
an expansion into a recession.

During our sample period there were three economic regessiamely 1990, 2001, and
2008. In order to study the time variation in the investmamtertainty relationship we

focus on three-year periods prior to a recession year - wteghures the expansionary
regime - and three-year periods after a recession year hvdaiptures the recessionary
regime. Then, we compare the strength of the relationshep txe three-year period prior
to a recession year with the strength of the relationship thesthree-year period after the
recession year. To quantify the investment-uncertaingtionship over these three-year
periods we interact the uncertainty measures (and the féseandependent variables
in the regression (22)) with dummy variables indicating thiee firm-years belong to

a three-year period prior to a recession year or the thrae{yeriod after a recession
year. Finally, to document a more proper comparison (andlabe issues raised when

Date and duration of economic recessions come from NBER.

13



discussing the results in Table V), we standardize all stegmof interest including; and
Nt

Table VIII presents the results. First of all, we find thatceragain, for each of the
three-year periods prior or after a recession the reldtipnsetween tangibles investment
and uncertainty is still negative. However, for every singhe of the three recessions,
the investment-uncertainty relationstspengthens as the economy transitions from an
expansionary regime to a recessionary regime. In othersy@rdnit increase in uncer-
tainty reduces tangibles investment by more during a remesy regime than during an
expansionary regime.

A more direct way to detect time-variation in the investmentertainty relationship is
to simply plot the times series of investment, andn;. Figure 2 plots the annual cross-
sectional median of both tangible and intangible investnasnwell as the annual cross-
sectional median af; andr;. All time-series are normalized by their 1986-level, ang th
time-series of both tangibles and intangibles investmargsshifted up to allow for an
easier visual comparison. We postpone the discussion angifitle investment until the
next section, and we focus on tangibles investment only.

A casual look at this figure reveals two interesting patterfgst, corporate tangibles
investment and either; or n; almost always move in opposite directions. This pattern
confirms the strong negative relationship between targibkestment and cash flow un-
certainty documented in Tables IlI, V, and VIII. Second, toe periods surrounding the
economic recessions of 1991, 2001, and 2008, tangiblestmemt declines dramati-
cally while, at the same timey; and, increase. This pattern confirms the findings in
Table VIII, namely that the investment-uncertainty relaship is stronger in periods of
economic downturns than in other periods.

B. Intangibles investment and cash flow uncertainty

Many of the results of the previous section can be extendddtamgibles investment
as well. However, before we present our empirical findings,dmscuss our measure of
intangibles capital.

The lack of detailed data on investments in intangible assetplicates tremendously
the task of measuring the stock of intangibles capital. Meconomist and financial
economists alike recognize the severity of the problemthyete are only a handful of
studies focusing exclusively on the issue of measuringgitdes capital. Important con-
tributions to the literature include Hall (2001), McGratttand Prescott (2005b), McGrat-
tan and Prescott (2005a) etc. Most of these studies estitmatd.S. aggregate stock of
intangibles capital from real business cycle models cangtto fit aggregate moments of
corporate activity from the NIPA tables. However, this aygwh is difficult to use at firm

level because some of the aggregate quantities in the Ni#é@stare not available at firm
level.
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From an accounting perspective, it is well known that cartavestments in intangibles
assets can be capitalize - such as goodwill from firm acduisit patents, rights, etc -
while others can only be expensed - such as research anepmezit. This means that
the book value of intangibles assets acquired throughaliggitl investments should be on
the balance sheet, while the book value of intangible assetsired through expensed in-
vestments should not. Therefore, the challenge is to meaisetook value of intangibles
assets that are not on the balance sheet.

Our view is that a good measure of the stock of intangibletabphould reflect the book
value of both types of intangible assets, namely those teatayuired through capitalized
investments and those that are acquired through expengestriments. Therefore, we
propose the following measure of intangibles capital

t
k{ = (TA, — CA, — PPENT) + >  (1-¢6")""*R&D,, (23)
s=t—T

where TA, CA, PPENT, and R&D stand for total book assets,| tiarent assets, net
property, plant, and equipment, and research and devetapmespectively. 6! is the
depreciation rate on R&D investments, and we discuss itdbelo

The first component captures the portion of the stock of gitdes capital that is the
result of investment in intangibles assets that are céethl For a drug company (e.g.
Merck) or a tech company (e.g. Cisco) this component wiltaonbalance sheet items
such as "Goodwill” and/or "Intangibles Assets”.

The second component is an attempt to capture the portioneostock of intangibles
capital that is the result of R&D investments. Our compong®issentially a cumulative
sum of all past R&D expenses, adjusted for depreciation. §arae a depreciation rate,
81, of 10%, which corresponds to amortizable life - the length of time it takes research
and development investments to be converted into comnh@rciducts - for R&D invest-
ments of 10 years. To put this number in perspective, it takesit 10 years for a drug
company to get approval for a new drug from the Food and DrudysiAistration*! We
have experimented with various values 8¢ ranging from0% to 20%, and our results
are qualitatively unchanged. These additional resultsizagable upon request.

The change it/ is our measure of intangibles investment. We choose to withkimvest-
ment net of depreciation rather than simply investment tmemize on the assumptions
about depreciation rates for intangible assets. RecalWhaad to make an assumption
about the depreciation raté!, of intangible assets that are acquired with research and
development expenses. However, it doesn’t necessariywfdghat intangible assets ac-
quired with capitalized investments depreciate at the satee In fact, one would have

to make an assumption about the depreciation rate of irtbngssets acquired with cap-
italized investments, because we only observe the stodiestttype of intangible assets.

15ee Damodaran (2009) for more on the amortizable life ofarebeand development.
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Now that we have a good measure of intangibles investmengreveeady to replicate

the empirical experiments of the previous section usingnigibles investments instead of
tangibles investment. Just as in the previous section,dardo investigate the relation-
ship between intangibles investment and uncertainty weeagression (22) under several
specifications. Table Il reports the results for the ergmeple, Tables VI-VII reports

the results for several time periods in our sample, and $dieX reports the results on

the time-variation of the intangibles investment-undatiarelationship around economic
recessions.

We notice that the investment-uncertainty relationshifemas to a large degree to intan-
gibles investment as well. Table Il documents that wheror 7, are used separately
to proxy for uncertainty (specification 1l or Ill), we obtaastrongly negative relation-
ship between intangibles investment and uncertainty. Mewesvhens, andr; are used
jointly to proxy for uncertainty (specification 1V), only; supports a strongly negative
investment-uncertainty relationship.

Table VI-VII provides further proof that the intangiblesvéstment - uncertainty rela-
tionship is strongly negative. On each of the four time #si4972-1990, 1991-2000,
2001-2007, and 2008-2009 spanning our sample the relatpbgstween intangibles in-
vestment and is strongly negative.

The time-series patterns in intangibles investment ameit, or 1, are also easy to spot
in Figure 2. In this picture, we plot the annual cross-seetianedian of both tangible
and intangible investment as well as the annual crossesedtmedian otr; andn;. All
time-series are normalized by their 1986-level, and thets®ries of both tangibles and
intangibles investments are shifted up to allow for an easseial comparison.

We notice that intangibles and tangibles investments aysgimilar patterns over time. In

particular, just like tangibles investment, intangiblegistment drops dramatically around
the economic recessions of 1991, 2001, and 2008, and iresremadually after each of

these recessions. The time series of eitheor 7; display exactly the opposite pattern.
This observation supports further the negative relatignshtween intangible investment
and uncertainty uncovered in Tables Il and VI-VII.

Furthermore, Figure 2 also suggests that the intangibkestnvent - uncertainty relation-
ship is time varying. We study this possibility more fornyally running an empirical
experiment similar to the one described in Table VIII. Intgadar, variabledog 6, o,

v —~¢, andn, are standardized to allow for a proper comparison across piemiods.
Tables 1X-X reports the results.

The sensitivities of intangibles investmentdpare negative and statistically significant
in each of the three-year periods surrounding the recessiol091, 2001 and 2008. This
result is consistent with the findings in Tables Ill and VIFghd together support a strong
negative relationship between intangibles investmentusntertainty.

Most interestingly, intangible investment - uncertaingnsitivities change as the econ-
omy leaves an expansionary state (three-year period lgaolia recession) and enters a

16



recessionary state (three-year period following a reoegsiTables IX-X shows that in-
tangibles investments; sensitivities increase in magnitude during the recess62601
and 2008. The intangibles investmernt;-is not statistically significant for the three-year
period following the recession of 1991, and this might expthe decline in the magni-
tude of these sensitivities during the recession of 1991.

Overall the results of this section and the previous sedigport the conclusion that the

relationship between corporate investment in either taagir intangible assets and cash
flow uncertainty is negative at all times, but more negativerd) economic recessions

than during economic expansions.

C. Employment change and cash flow uncertainty

Our measure of intangible capital stock accounts for mapggyof intangible assets, but
not all of them. One of the most important sources of intalegiapital that our measure
completely omits is human capital.

Capitalizing human capital is no easy task as investmentsimman capital are not only
expensed but also commingled with other sources of cost ofigsold and operating
expenses. While measuring the stock of human capital is @hpeunt importance in

the typical macroeconomic paradigm, we do not attempt td loat such a measure in
this paper. Rather, we are mostly interested in undersigrabw cash flow uncertainty
affects the degree to which firms adjust their stock of hunagital. Thus our focus is to

construct a measure of investment in human capital thaticegthe sensitivity of changes
in human capital stock to uncertainty.

One such measure that is likely to be highly correlated vhighunobserved human capital
investment is employment change. This measure is simphatimeial rate of change
in the number of employees in a firm (change in number of engasyfrom past year
divided by the past year number of employees). While thissmesis arguably subject to
potential problems (e.g. How accurately do firms report tiveemt number of employees
on payroll etc), the one clear advantage of using this meaisuthe fact that data on
the number of employees is available at firm level. Most inguty for our goal, this
measure is likely to capture one of the most important sylifacts around economic
recessions/expansions: firms reduce labor investmenbhg@ionomic recessions and
increase labor investment during economic expansioRigure 3 displays this behavior
at the aggregate level as well as industry level.

In this section we use employment change to analyze the éxtewhich firms adjust

investment in human capital in response to innovations shdow uncertainty. The

empirical experiments follow the same format as with talegémd intangibles investment
in the two subsections above. Results are reported in T&blasd XI.

125ee for instance Boileau and Normandin (2002), ReinhartRogbff (2009), IMF (2010), and Verick
(2009).
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Our findings are quite surprising. Both tables document @ngtnegative relationship
between employment change and our measures of cash flowtainter In fact this
relationship seems somewhat stronger than the intangitkestment - uncertainty re-
lationship as it is supported by both measures of unceyt&ithher separately or jointly.
Economically, a unit standard deviation increaseiimeduces the number of employees
on average b¥7.4%. Similarly, a unit standard deviation increasesyireduces the num-
ber of employees on average »4.6%. These are very large magnitudes, suggesting that
firms adjust swiftly their use of labor to counteract the rniegaimpact of large innova-
tions in cash flow uncertainty. These results complementtivelresults for tangible and
intangible investment in Tables 1l and 111

Table XI documents further that firms tend to accelerateffayduring economic reces-
sions. Indeed, during the recessions of 1991, 2001, and 20®8ensitivity of employee
turn over too; is always larger post-recession (albeit not always siedify significant).
This is also the case with, especially when these sensitivities are estimated wehipr
sion.

Overall, our findings seem to suggest that firms react swiiftlsesponse to positive in-
novations in cash flow uncertainty. Firms reduce tangiblesstment, intangibles invest-
ment, and employ less labor in order to counteract an inergasash flow uncertainty.
This behavior becomes particularly acute during econoetessions.

V. Robustness

In the process of constructing our measures of uncertainindo: we typically exclude
outlier observations (bottom 1% or top 99%). It is possilblat these observations are
themselves informative to some degree. To address this wgsiconstruct an alternative
measure of risk which is rank-based. We call this new measure

The rank-based risk measureis obtained by obtained as follows. Each year, we rank
firms separately with respect g or .. We keep all observations including outliers. Then
we definer! for firm i at timet as the average of firis two ranks in yeat.

We now rerun the empirical experiments of the previous sectResults are reported in
Tables XII, XlII, X1V, and XV.

We notice that even when using this rank-based risk meabarmain results presented
in the previous sections still survive.

Our measures of cash flow uncertainﬁmndag rely on important assumptions about the
dynamics of the productivity shocks andytT ", such as heteroskedasticity. The dynam-
ics we consider in equations (19) and (17) are probably thelsist that we can consider
while maintaining heteroskedasticity in errors. One, po&ly unattractive assumption
in these dynamics is the fact that while disturbances arrtsitedastic they are also seri-
ally uncorrelated. Dynamics that assume serially corelaisturbances usually assume
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homoskedasticity - which is not very useful given that weiaterested in the time-series
properties of the conditional variances of these disturban

We address this issue in two ways. First, for all our resulésreport the t-statisitics
based on robust standard errors which adjust to some degneeténtial serial correlation
in errors. Second, we experimented with more complex dyesufar the productivity
shocks. We were successful in implementing a hybrid streabufytT’Z which allows for
both serial correlation and heteroskedasticity in ertdrislamely, equation (17) changes
to

log ’y;‘r’i = ' + Xlog ’y;r_’il + €, (24)

wheree! is serially uncorrelated with mean zero and conditionalavare ;1 [(!)?] =
(n)?.

We find that even with this error structure the main resultsaia@ qualitatively the same.
While not reported here, these additional results areaailon demand.

Another important issue with using our cash flow uncertamgasures; ando? as inde-
pendent variables in regressions is that of measuremant &ince both our uncertainty
measures are not directly observable but rather backedamtthe data, it is possible that
due to measurement error our measures of cash flow uncgmaight still correlate with
the disturbances in any version of the regression (22). diitiad, all firm characteristics
included in these regressions are clearly endogenous arefahe likely to correlate with
regression disturbancés.

One way to address this possibility is to use dynamic parel elstimation methods pro-
posed by Arellano and Bond (1992), Arellano and Bover (19881 Ahn and Schmidt

(1995). These methods estimate the regression model ereliifes rather than levels
using general methods of moments with sets of moments tipe&indieon whether the in-

dependent variables are exogenous relative to the distcelaor predetermined (up to
some point in time).

We experiment with this approach using specifications tbsuime either perfect exogene-
ity or predetermination (up to — 1) and find that our results again remain qualitatively
unchanged for our cash flow uncertainty measures. We do pottrthese results here,
but they are available on demand.

Finally, when measuring investment in intangible assetsisgeproxy for the capitalized
and expensed components of the stock of intangible capkal. instance, in (23) we
proxy for the capitalized component with TA CA; — PPENT;. This measure is certainly
highly correlated with the stock of capitalized intangibksets, but it is also contaminated
by other type of assets such as financial assets (e.g. comynfiatdires positions etc). To

BHowever, we were not successful in implementing this typerodr structure withg; because, unlike
*y;“ the time-series fof¢ are not availablgrior to estimating the conditional variance of the errors.

¥The fact that firm characteristics such as average Tobin'e @rdogenous and therefore might bias any
investment regression is well known. See for instance BiinBond, Devereux, and Schiantarelli (1992),
Hayashi and Inoue (1991), and more recently Gilchrist andriielberg (1999).
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address this potential issue, we consider also an alteenmagasure of capitalized tangible
assets which picks up more carefully these type of intargitdsets. This measure is
the variable INTAN in Compustat. According to the Compustefinition this variable
accounts for certain types of intangible assets which griatzed when acquired. Some
of these intangible assets include patents, client lists,@ne problem with this variable
is that it is available only from year 2000 onwards.

For the expensed component of intangible capital stock2®) (ve cumulate historical
R&D expenses using a depreciation ratel6¥o. While our R&D depreciation rate is
somewhat justified by the amortizable life of R&D capital mlustries such as drugs,
this number is still ad-hoc. To address this issue we exmerirwith depreciation rates
ranging from 0% to 20%.

We find that using these alternative measures for the cagitehnd expensed components
of intangible capital does not change our results much. Mgaése additional set of
results are not in here but are available upon request.

VI. Discussion and Conclusions

An important stylized fact of the U.S. aggregate corporatividy is that corporate in-
vestment declines rapidly in the period leading to an ecaoaagatession, but rebounds
equally rapidly in the period following a recession. Fortamce, Figure 2 shows that cor-
porate investment reached pre-recession levels withiry@aBs following the recessions
of 1991 and 2001.

However, the late economic recession of 2008 challengedstiglized empirical fact,
as corporate investment post-recession grew painfully alad failed to rebound to pre-
recession levels. This observation has puzzled economigp@licy makers alike because
it is not immediately clear what causes the delay in corgoiratestment. For instance, a
typical bottleneck known to preclude firms from pursuingvgito opportunities is access
to capital. However, in the aftermath of the 2008 financidisr the efforts of policy
makers to resuscitate the credit channel failed to jump staporate investment. Kahle
and Stulz (2010) show that post-recession firms do not bedmifethey face higher cost
of capital. Quite the opposite in fact, as many firms hold osigoificant amounts of cash
on their balance sheet. This begs the obvious questionmsfface relatively unchanged
or even lower costs of capital, why do we see so little corjgoiravestment?

In this paper we argue that firms could chose to forego inveistropportunities if firms
assign larger conditional variances to future cash flowg@nckeive the net present values
of their investment opportunities as being negative.

Our argument rests on the conjecture that the relationsiiywd®n corporate investment
and cash flow uncertainty is negative. This conjecture toutigo be true, theoretically,
and supported by the data, empirically.
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Our model is a neoclassical production economy with two petidn inputs and two pro-
ductivity shocks. The two production inputs are tangibld amangible capital. The two
productivity shocks capture the productivity of the twodgpof capital. Cobb-Douglas
CES productivity functions transform inputs and produttighocks into output.

In the context of our production economy, the marginal reeeproduct of capital is

concave in productivity shocks. Consequently, uncertamtreases the waiting value of
the option to invest an firms postpone investment. In pddicthis leads to a negative
relationship between corporate investment and conditimrdances of both productivity

shocks.

We use the conditional variances of the two shocks as our maasures of cash flow
uncertainty. Thus, in our model, the relationship betwesestment and cash flow un-
certainty is negative.

Next, we test empirically the relationship between invesitrand our measures of cash
flow uncertainty. To this extent, we use our model as a guidec¢over the two shocks
from the data, and then, we employ a standard two-step puoeedd back out the condi-
tional variances of our two shocks. The two shocks we considethe level of S&P 500
volatility index, VIX, and the one-year historical voléiyl of the equally-weighted risk-
adjusted equity returns in the particular firms industrye3énare our empirical measures
of cash flow uncertainty. For the investment side of the itmaest-uncertainty relation-
ship, tangibles investment is readily available in the dbta intangibles investment is
not. Our measure of intangibles investment recognizesabiethat the stock of intan-
gibles capital has two components: an observable compdhantaptures capitalized
investments in intangible assets and an unobserved comipibrad captures expensed in-
vestments in intangible assets. Finally, we consider catpoemployment as another,
albeit partial, measure of corporate investment in intfalegi We place a special em-
phasis on corporate employment since many senior polidgersaconsider the corporate
employment policy as one of the more important corporateydlecisions.

Empirically, we detect a strong negative relationship leetvinvestment in either tangi-
ble or intangible assets and cash flow uncertainty. Thisioglship is robust to the usual
determinants of corporate investments. Additionally, vael # strong negative relation-
ship between corporate employment and cash flow uncertaifigt interestingly, these
relationships appear to be stronger during economic riecesthan during any other time
periods. These patterns are clearly apparent in Figure 2.

These empirical findings complement our theoretical inaesit-uncertainty relationship
and together they suggest a compelling story for corpor&esiment behavior post 2008.
Firms delay investment in the post-recession period bectgsrelationship between in-
vestment and uncertainty is strongly negative during tHe8228009 period and because
cash flow uncertainty is exceptionally elevated during timee period (see for instance
Figure 2).

Overall, our results suggest that the extent to which catgoinvestment rebounds after
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an economic recession depends on firms’ perception abduflossuncertainty. If firms
perceive future cash flows as risky they will postpone inwestt and post-recession cor-
porate investment will take longer to rebound. Our emplificadings show that not all
recessions are alike. For instance, cash flow uncertaintggithe post-recession periods
1991-1993 and 2001-2003 declines rapidly and, conseguémtestment including em-
ployment bounces back rapidly. However, cash flow uncextaiaring the post-recession
period 2008-2009 has declined very slowly, and consequeotiporate investment in-
cluding corporate employment increases very modestly.

These findings have significant policy implications. To witolicy makers would like
corporations to increase their investment activity, theguwd focus on policies that de-
crease corporate cash flow uncertainty. Specifically, textent corporations are uncer-
tain about the implementation and the implementationdtimeof the health reform act,
and the impact of this act on their costs of hiring and retejr@mployees - a clarification
of the implementation and the implementation-timeline laf health reform act would
encourage corporations to invest more and hire more emgdoy®&imilarly, to the extent
corporations are uncertain about the implementation amdntiplementation-timeline of
the environmental cap-and-trade reform and corporateefaxms - a clarification of the
implementation and the implementation-timeline of thesdrenmental and tax reforms
would encourage corporations to invest more and hire moEa@es.
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Figure 1: Stock of intangible capital: This figure plots taég of cross-sectional median
of intangible capital stock and cross-sectional mediamdible capital stock. The stock
of capitalized intangible capital is measured as book ags@tus current assets, minus
net property, plant and equipment. The stock of capitalieggensed intangible capital
is measured as book assets minus current assets, minugpeittpr plant and equipment,
and plus the sum of current and past R&D expenses, , (1 — 10%)"~° R&D;, ad-
justed for a 10% annual depreciation. The stock of tangibjgtal is measured as net
plant, property and equipment.
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Corporate tangibles investment |
Corporate intangibles investment
Real GDP Growth
Cash flow uncertainty: sigma
Cash flow uncertainty: eta

‘Recessions: 1991 2001 2008

1986 1991 2001 2009
Years

Figure 2: Corporate investment and cash flow uncertaintyis TiQure plots the cross-
sectional medians of tangible and intangible investment tme. It also plots the cross-
sectional medians of our two measures of cash flow unceytaiamelyo andn;. We
refer to these later time series as "sigma” and "eta”. Fin#fle figure also plots the real
GDP growth rate. All time-series are normalized to their @-88/els. The normalized
time series for tangibles and intangibles investment akasagkal GDP growth are shifted
up by the same amount to ease comparison with the time ssiggad” and "eta”.
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H = All industries .
Construction
Building Materials
Autos
—— Chips

Recessions: 1991

1986 1991 2001 2009
Years

Figure 3: Employment change: This figure plots the crosies®d medians of employ-
ment change over time. The top curve is a plot of the croseset median across all
industries. The bottom curves are plots of the cross-swtimedian within a specific
Fama-French industry. The industries included are Coctstny Building Materials, Au-
tos and Chips. All time-series are normalized to their 1B8@&Is. The normalized time
series for the cross-sectional median across all indgsgighifted up to ease comparison.
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MA¢ CF, Ca BD; T
BA¢ Ki—1 BA: BA; log 0, Ot log Vi Tt

MA,/BA, 100

CF/K,.1 123 100
Ca/BA, 2134 -114 100

BD,/BA; -17.62 -3.54 -30.64 100

log 0; -2.14 -3.27 5.63 -3.70 100

of’ 5.06 -20.93 1043 -2.21  2.05 100

log v{ 4.75 -1.59 -0.21 -542 -415 11.79 100

Nt 1.41 -2.59 -1.06 -0.08 3.67 4.87 17.29 100

Table I. Correlation coefficients: This table reports thereation coefficients of the
regressors in Table Il. All numbers are percentages (e.83 theans 1.23%). MA is
market value of assets measured as market capitalizatisrbpbk debt. BA is book value
of assets (COMPUSTAT Item 6). Ca is cash holding (COMPUSTAMI1). CF is cash
flow (COMPUSTAT Item 14 + COMPUSTAT Item 18). K is book valuetahgible capital
(COMPUSTAT Item 8). BD is book value of debt (COMPUSTAT Itera GOMPUSTAT
Item 216).n; ando, are the two risk proxies. The former captures the conditieaigance
of the elasticity of output with respect to tangible capitgl, while the latter captures the
conditional variance of the total factor of productivity.
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I I 1] v

Const 0.214~ 0.271" 0.234" 0.273"
(37.35) (22.74) (39.63) (23.62)
MA, /BA, 0.0273** 0.0293** 0.0272** 0.0292*
(7.64) (6.97) (7.71) (7.04)
CF, /K 1 0.0122** 0.0123** 0.0121** 0.0122**
(9.22) (9.19) (9.19) (9.04)
Ca/BA, 0.0135** 0.0147* 0.0135** 0.0146™*
(13.61) (11.95) (14.32) (12.16)
BD,/BA, -0.166** -0.177% -0.163** -0.175**
(-15.59) (-9.81) (-15.03) (-9.66)
log 0, 0.0136** 0.0136™*
(4.01) (4.05)
oy -0.339* -0.310**
(-5.54) (-4.91)
log v 0.0479 0.0789
(1.05) (2.23)
m -0.812** -0.284
(-6.67) (-2.08)
N 32633 12761 32633 12761

*p<0.05 " p<0.01, " p < 0.001

Table Il: The relationship betwedangible investmentand risk - entire sample: This ta-
ble reports the results of panel-data regression of tamgigkestment on two risk proxies,
namelyn; ando;. The former captures the conditional variance of the eli#gtdf output
with respect to tangible capitaj , while the latter captures the conditional variance of the
total factor of productivityd;. In addition, we also include several well-known determi-
nants of investment, namely Tobin’s Q, MA/BA, cash-to-#&ssatio, Ca/BA, cash-flows-
to-capital ratio, CF/K, and book leverage ratio, BD/BA. §jdile investment is measured
as the ratio of capital expenditures to net property, pladtequipment. All regressions
are run with fixed effects and have errors clusters by ingufobust t-statistics are re-
ported in parentheses.
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v

Const 0.120 0.197** 0.153** 0.214**
(13.34) (6.84) (6.84) (6.44)
MA,/BA; 0.0299** 0.0322** 0.0299** 0.0323**
(5.95) (8.16) (5.99) (8.14)
CF/Ki_1 0.0125** 0.00915* 0.0123** 0.00912*
(5.82) (3.15) (5.90) (3.11)
Ca/BA, 0.0103** 0.0118** 0.0103** 0.0119**
(4.67) (5.01) (4.75) (5.01)
BD,/BA; -0.209** -0.209** -0.205** -0.208**
(-9.35) (-6.11) (-9.25) (-6.06)
log 6, 0.0326** 0.0325**
(5.49) (5.41)
oy -0.364* -0.34%
(-2.79) (-2.44)
v —~f 0.0315 0.0351
(0.69) (0.62)
i -0.973* -0.221
(-2.81) (-0.79)
N 30528 11961 30528 11961

*p < 0.05 ** p < 0.01, ** p < 0.001

Table Ill: The relationship betweentangible investmentand risk - entire sample: This
table reports the results of panel-data regression ofléagivestment on two risk prox-

ies, namelyy; ando;. The former captures the conditional variance of the eligtof

output with respect to intangible capital,— v/, while the latter captures the condi-
tional variance of the total factor of productivity. In addition, we also include several
well-known determinants of investment, namely Tobin’s QA/MBA, cash-to-assets ratio,
Ca/BA, cash-flows-to-capital ratio, CF/K, and book leveragtio, BD/BA. Intangible in-

vestment is measured as the annual net rate of return inttiek*f intangible capital

defined as book assets minus current assets, minus nettyrqyant and equipment, and

plus the sum of current and past R&D expenses, , (1 — 10%)"~° R& Dy, adjusted

for a 10% annual depreciation. All regressions are run wiedieffects and have errors

clusters by industry. Robust t-statistics are reportechmeptheses.
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I Il 1] v

Const -0.00437 0.0680° 0.0189" 0.0725*
(-0.80) (5.02) (2.99) (5.32)
MA, /BA, 0.0216™* 0.0224"* 0.0216™* 0.0224**
(7.21) (6.97) (7.27) (7.12)
CF, /K 1 0.0109** 0.00944** 0.0108** 0.00946**
(8.51) (3.90) (8.43) (3.93)
Ca/BA, 0.00566"* 0.00581** 0.00567** 0.00576**
(6.88) (4.78) (7.12) (4.76)
BD,/BA, -0.0789** -0.120** -0.0742* -0.117%*
(-5.51) (-6.07) (-5.11) (-5.91)
log 0, 0.0186™* 0.0184**
(5.67) (5.59)
oy -0.308** -0.246*
(-3.59) (-2.94)
log v -0.0116 0.0616
(-0.32) (1.50)
m -0.950** -0.574*
(-5.13) (-3.11)
N 30533 11915 30533 11915

*p<0.05 " p<0.01, " p < 0.001

Table IV: The relationship betweamployment changeand risk - entire sample: This
table reports the results of panel-data regression of gmmaat change on two risk prox-
ies, namelyn; ando;. The former captures the conditional variance of the aligtof
output with respect to tangible capital!, while the latter captures the conditional vari-
ance of the total factor of productivi}. In addition, we also include several well-known
determinants of investment, namely Tobin’s Q, MA/BA, cagtassets ratio, Ca/BA, cash-
flows-to-capital ratio, CF/K, and book leverage ratio, BB/[EEmployment change is
measured as the annual percentage change in the number lofjeeg All regressions
are run with fixed effects and have errors clusters by ingufobust t-statistics are re-
ported in parentheses.
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1972-1990 1991-2000 2001-2007 2008-2009
MA,/BA, 0.0310** 0.0317** 0.0163 0.0059
(4.80) (6.04) (2.51) (0.76)
CF, /K 1 0.0278** 0.0156™* 0.0065 0.0069*
(4.95) (7.41) (2.51) (2.71)
Ca/BA, 0.0099* 0.0178** 0.0147* 0.0095*
(3.34) (10.10) (10.86) (2.81)
BD,/BA, -0.173** -0.172%* -0.204%* -0.262%*
(-5.72) (-6.51) (-7.61) (-6.66)
log 0; 0.0089 0.0076 0.0017 0.0021
(2.30) (2.33) (0.65) (0.59)
oy -0.237 -0.242* -0.282%* -0.210
(-2.93) (-3.28) (-4.54) (-3.08)
log v -0.113 0.0313 0.139 0.212*
(-2.02) (0.90) (2.90) (3.67)
m -0.114 -0.318 -0.736* -0.794*
(-0.42) (-2.64) (-3.02) (-3.53)

*p<0.05 " p<0.01, " p < 0.001

Table V: The relationship betwedangible investmentand risk - subsamples: This ta-
ble reports the results of panel-data regression of tamgilbestment on two risk proxies,
namelyn; ando;. The former captures the conditional variance of the eli#gtdf output
with respect to tangible capitaj , while the latter captures the conditional variance of the
total factor of productivityd;. In addition, we also include several well-known determi-
nants of investment, namely Tobin’s Q, MA/BA, cash-to-#&ssatio, Ca/BA, cash-flows-
to-capital ratio, CF/K, and book leverage ratio, BD/BA. §jdile investment is measured
as the ratio of capital expenditures to net property, pladtequipment. The regressions
are run over three different sub-samples, namely 1972-188@1-2000, 2001-2007, and
2008-2009. These time-periods are delimited by the econoaciessions of 1991, 2001,
and 2008, as defined by NBER. All regressions are run with fefeztts and have errors
clusters by industry. Robust t-statistics are reportecameptheses.
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1972-1990 1991-2000 2001-2007 2008-2009
MA, /BA, 0.0352** 0.0317** 0.0250* 0.0250
(5.65) (6.29) (3.15) (1.91)
CF, /K 1 0.0268 0.0093 0.0061 0.0012
(2.18) (2.66) (1.21) (0.22)
Ca/BA, 0.0162* 0.0182** 0.0079* 0.0058
(2.78) (5.22) (3.42) (0.90)
BD,/BA, -0.1850** -0.1950™* -0.2680™* -0.3840**
(-3.96) (-4.26) (-6.60) (-4.27)
log 0, 0.0387* 0.0456* 0.0458 0.0406
(2.84) (3.06) (2.64) (1.84)
oy -0.0633 -0.0776™* -0.0814* -0.0813*
(-2.33) (-3.63) (-3.53) (-2.83)

*p<0.05 " p<0.01, " p < 0.001

Table VI: The relationship betwedntangible investmentand risk - subsamples: This
table reports the results of panel-data regression ofgittéminvestment on two risk prox-
ies, namelyn; ando;. The former captures the conditional variance of the aligtof
output with respect to intangible capital,— ~/, while the latter captures the condi-
tional variance of the total factor of productivity. In addition, we also include several
well-known determinants of investment, namely Tobin’s QAMBA, cash-to-assets ratio,
Ca/BA, cash-flows-to-capital ratio, CF/K, and book leveragtio, BD/BA. Intangible in-
vestment is measured as the annual net rate of return inttiek*f intangible capital
defined as book assets minus current assets, minus netiyrqpent and equipment, and
plus the sum of current and past R&D expen@étt_T(l — 10%)'~* R& D, adjusted
for a 10% annual depreciation. The regressions are run bxee tifferent sub-samples,
namely 1972-1990, 1991-2000, 2001-2007, and 2008-200@seTtime-periods are de-
limited by the economic recessions of 1991, 2001, and 2G08efaned by NBER. All re-
gressions are run with fixed effects and have errors clusteiredustry. Robust t-statistics
are reported in parentheses.
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1972-1990 1991-2000 2001-2007 2008-2009

MA,/BA, 0.0459** 0.0270** 0.0203** 0.0137
(4.86) (4.66) (4.02) (0.95)
CF,/Ky_1 0.0289** 0.0130** 0.0081** 0.0030
(4.06) (5.35) (3.56) (0.79)
Ca/BA, 0.0141* 0.0164** 0.0079** 0.0010
(3.52) (7.39) (4.48) (0.26)
BD,/BA, -0.1770* -0.1940** -0.2640** -0.4030**
(-6.25) (-7.00) (-6.26) (-7.36)
v — AT 0.0132 0.0124 0.0303 0.0107
(0.91) (0.71) (2.03) (0.61)
m 0.0003 -0.019%* -0.0222** -0.0284**
(0.04) (-3.68) (-4.19) (-4.10)

*p<0.05 " p<0.01, " p < 0.001

Table VII: The relationship betweédntangible investmentand risk - subsamples: This
table reports the results of panel-data regression ofgittéminvestment on two risk prox-
ies, namelyn; ando;. The former captures the conditional variance of the aligtof
output with respect to intangible capital,— ~/, while the latter captures the condi-
tional variance of the total factor of productivity. In addition, we also include several
well-known determinants of investment, namely Tobin’s QAMBA, cash-to-assets ratio,
Ca/BA, cash-flows-to-capital ratio, CF/K, and book leveragtio, BD/BA. Intangible in-
vestment is measured as the annual net rate of return inttiek*f intangible capital
defined as book assets minus current assets, minus netiyrqpent and equipment, and
plus the sum of current and past R&D expen@étt_T(l — 10%)'~* R& D, adjusted
for a 10% annual depreciation. The regressions are run bxee tifferent sub-samples,
namely 1972-1990, 1991-2000, 2001-2007, and 2008-200@seTtime-periods are de-
limited by the economic recessions of 1991, 2001, and 2G08efaned by NBER. All re-
gressions are run with fixed effects and have errors clusteiredustry. Robust t-statistics
are reported in parentheses.
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1991 2001 2008

88-90 91-93 98-00 01-03 05-07 08-10
MA,/BA, 0.0215* 00179~ 0.0240* -0.0002  0.0082  -0.0018
(2.73) (3.79) (4.86) (-0.03) (1.33) (-0.29)

CF/K,1 0.0248* 0.0204* 0.0104* 0.0063  0.0096  0.0064*
(5.22) (4.43) (5.01) (2.31) (1.69) (3.61)

Ca/BA,  0.0048 0.0099* 0.0110* 0.0085** 0.0078**  0.0018
(1.74) (3.63) (3.03) (4.73) (5.11) (0.60)

BD,/BA, -0.176* -0.124* -0.165" -0.159** -0.134**  -0.224"*
(-5.35)  (-3.85)  (-5.16)  (-5.63)  (-4.48)  (-5.38)

log 0, 0.0074  0.0158 0.0142** 0.0106  0.0041  0.0092
(1.71) (3.12) (3.73) (2.53) (0.96) (1.12)
o, -0.0183  -0.0202 -0.0217* -0.0289** -0.0165 -0.0176
(-1.74)  (-2.07)  (-3.23) (-5.85)  (-1.88)  (-2.54)
log 77 -0.0049 00018  -0.0051  0.0112 0.0117  0.0204*
(-0.77) (0.45) (-1.16) (2.55) (1.25) (3.98)
m -0.0027  -0.0054 -0.0104 -0.0169* -0.0132 -0.0218*

(-0.40)  (-1.53)  (-3.07) (-2.94) (-1.85) (-3.66)
*p < 0.05,** p < 0.01, ™ p < 0.001

Table VIII: The relationship betweetangible investmentand risk - economic reces-
sions: This table reports the results of panel-data reigiresd tangible investment on
two risk proxies, namely; ando;. The former captures the conditional variance of
the elasticity of output with respect to tangible capitgi, while the latter captures the
conditional variance of the total factor of productivity In addition, we also include sev-
eral well-known determinants of investment, namely Tabi@, MA/BA, cash-to-assets
ratio, Ca/BA, cash-flows-to-capital ratio, CF/K, and boekdrage ratio, BD/BA. Tangi-
ble investment is measured as the ratio of capital expamditio net property, plant and
equipment. The regressions are run for sub-samples salirguthe economic recessions
of 1991, 2001, and 2008, as defined by NBER. To capture thegeharcoefficients from
before an economic recession to after we multiply our véemglwith time dummies. We
report the coefficients in front of these time-interactedaldes. All regressions are run
with fixed effects and have errors clusters by industry. Rbbstatistics are reported in
parentheses.

36



1991 2001 2008

88-90 91-93 98-00 01-03 05-07 08-10
MA,/BA, 0.0188 0.0119* 0.0187~ 0.0145  0.0075  0.0107
(2.42) (3.25) (4.65) (2.23) (0.89) (0.93)

CF/K,; 00247 00146  0.0072 0.0067  0.0089  0.0007
(2.63) (1.87) (1.87) (0.96) (1.75) (0.12)

Ca/BA, 0.0139 0.0187** 0.0086* 0.0053  -0.0023  -0.0014
(2.17) (3.80) (2.74) (2.05) (-0.59)  (-0.20)

BD,/BA, -0.173* -0.0841 -0.235* -0.166* -0.362** -0.353**
(-3.24)  (-1.50)  (-4.18) (-3.09)  (-5.33)  (-3.64)

log 0; 0.0170* 0.0180  0.0058 0.0180  0.0239  0.0174
(3.01) (2.69) (0.46) (1.79) (1.69) (1.03)
oy -0.0107  -0.0069 -0.0348 -0.0499** -0.0275  -0.0395

(-0.70)  (-0.69)  (-3.50) (-3.59) (-1.80)  (-2.27)
*p <0.05 " p<0.01, " p < 0.001

Table IX: The relationship betwedntangible investmentand risk - economic reces-
sions: This table reports the results of panel-data reigresd intangible investment on
two risk proxies, namelyy; ando;. The former captures the conditional variance of the
elasticity of output with respect to intangible capitak- 47, while the latter captures the
conditional variance of the total factor of productivity In addition, we also include sev-
eral well-known determinants of investment, namely Tabi@Q, MA/BA, cash-to-assets
ratio, Ca/BA, cash-flows-to-capital ratio, CF/K, and boekdrage ratio, BD/BA. Intan-
gible investment is measured as the annual net rate of rgtuhe ‘stock’ of intangible
capital defined as book assets minus current assets, mihpsoperty, plant and equip-
ment, and plus the sum of current and past R&D exper@é;t_T(l —10%)""*R& Dy,
adjusted for a 10% annual depreciation. The regressionsiafer sub-samples surround-
ing the economic recessions of 1991, 2001, and 2008, as ddfinBlIBER. To capture
the change in coefficients from before an economic recedsiaiter we multiply our
variables with time dummies. We report the coefficients amfrof these time-interacted
variables. All regressions are run with fixed effects andehawors clusters by industry.
Robust t-statistics are reported in parentheses.
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1991 2001 2008

88-90 91-93 98-00 01-03 05-07 08-10
MA,/BA, 0.0139* 0.0129* 0.0159**  0.0093  0.0118  -0.0003
(3.34) (3.24) (3.88) (2.12) (1.33) (-0.02)

CF/K,; 0.0218* 0.0137 0.0118* 0.010¥* 0.0086*  0.0032
(2.91) (2.40) (3.86) (3.45) (3.14) (0.90)

Ca/BA, 0.0192* 0.0199**  0.0084* 0.0069** -0.0015  -0.0041
(3.18) (4.70) (2.95) (4.26) (-0.46) (-1.00)

BD;/BA, -0.193** -0.134** -0.233** -0.180** -0.380**  -0.390"*
(-5.71)  (-4.10) (-5.95) (-452)  (-5.76)  (-8.00)

N —AT -0.0026  -0.0062  -0.0023  0.0103  0.0209 -0.0047
(-0.34)  (-0.74) (-0.18) (1.64) (2.46) (-0.48)
m -0.0263* -0.0304 -0.0281** -0.0376** -0.0253* -0.0338**

(-3.29) (-5.39) (-4.79) (-5.76) (-3.18) (-5.07)
*p <0.05 " p<0.01, " p < 0.001

Table X: The relationship betweédntangible investment and risk - economic reces-
sions: This table reports the results of panel-data reigresd intangible investment on
two risk proxies, namelyy; ando;. The former captures the conditional variance of the
elasticity of output with respect to intangible capitak- 77, while the latter captures the
conditional variance of the total factor of productivity In addition, we also include sev-
eral well-known determinants of investment, namely Tabi@Q, MA/BA, cash-to-assets
ratio, Ca/BA, cash-flows-to-capital ratio, CF/K, and boekdrage ratio, BD/BA. Intan-
gible investment is measured as the annual net rate of rgtuhe ‘stock’ of intangible
capital defined as book assets minus current assets, mihpsoperty, plant and equip-
ment, and plus the sum of current and past R&D exper@é;t_T(l —10%)""*R& Dy,
adjusted for a 10% annual depreciation. The regressionsiafer sub-samples surround-
ing the economic recessions of 1991, 2001, and 2008, as ddfinBlIBER. To capture
the change in coefficients from before an economic recedsiaiter we multiply our
variables with time dummies. We report the coefficients amfrof these time-interacted
variables. All regressions are run with fixed effects andehawors clusters by industry.
Robust t-statistics are reported in parentheses.
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1991 2001 2008
88-90 91-93 98-00 01-03 05-07 08-10
MA./BA, 0.0118 0.0135" 0.0190* 0.00672 0.0189 0.00725
(2.19) (4.28) (5.34) (1.79) (2.39) (1.10)
CF,/K,_; -0.00363 0.0102 0.00884 0.00795 0.00860 0.00249
(-0.32)  (1.42) (4.29) (2.04) (2.41) (0.83)

Ca/BA, 0.00477 0.00716  0.00163  0.00277 0.00112  -0.00457
(1.24) (1.94) (0.68) (1.29) (0.62)  (-1.60)
BD,/BA, -0.0571 -0.0663  -0.183% -0.147** -0.178"* -0.355**
(-1.31)  (-1.69) (-3.81) (-452)  (-3.86)  (-5.23)
log 0; 0.00916 0.0168  0.0148  0.00903 0.0173 0.0213
(1.51) (3.24) (1.80) (1.32) (2.61) (1.49)
oy -0.0170  -0.0209  -0.0138  -0.0143 -0.0263 -0.0307
(-1.31)  (-1.39) (-1.51) (-0.92)  (-297)  (-2.07)
log 7T -0.00187 -0.00447  -0.00660  0.00843  0.0241 -0.00336
(-0.26)  (-0.84) (-0.69) (1.72) (3.03)  (-0.50)
m -0.00120 -0.00374  -0.0117 -0.0172 -0.0218 -0.00879
(-0.15)  (-0.73) (-2.19) (2.63)  (-2.23)  (-1.10)

*p<0.05 " p<0.01, " p < 0.001

Table XI: The relationship betweesmployment changeand risk - economic reces-
sions: This table reports the results of panel-data reigress employment change on
two risk proxies, namelyy; ando;. The former captures the conditional variance of the
elasticity of output with respect to tangible capitgf,, while the latter captures the con-
ditional variance of the total factor of productivity. In addition, we also include several
well-known determinants of investment, namely Tobin's QA/MBA, cash-to-assets ratio,
Ca/BA, cash-flows-to-capital ratio, CF/K, and book leveragtio, BD/BA. Employment
change is measured as the annual percentage change in themofremployees. The
regressions are run for sub-samples surrounding the egomengssions of 1991, 2001,
and 2008, as defined by NBER. To capture the change in coetidiem before an eco-
nomic recession to after we multiply our variables with tichemmies. We report the
coefficients in front of these time-interacted variabledl.régressions are run with fixed
effects and have errors clusters by industry. Robustisttat are reported in parentheses.
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Dependent Tang Inv, Intang Iny,_ Empl. Changg, ;
Const 0.246™ 0.199* 0.0836**
(15.38) (6.57) (4.16)
MA;/BA; 0.030Z** 0.0335** 0.0234**
(7.14) (8.38) (7.22)
CR/Ki—1 0.0127* 0.00950* 0.00976**
(9.34) (3.19) (3.98)
Ca/BA; 0.0145* 0.0117* 0.00571*
(11.31) (4.97) (4.74)
BD;/BA; -0.181* -0.214* -0.124*
(-9.97) (-6.27) (-6.31)
log v/’ 0.0761 -0.00105 0.0581
(2.01) (-0.02) (1.39)
log 0; 0.0135** 0.0320** 0.0179*
(4.05) (5.27) (5.10)
" -0.055¢ -0.118 -0.127
(-2.03) (-2.09) (-2.63)
N 12764 11961 11915

*p <0.05 " p<0.01, " p < 0.001

Table XII: The relationship between investment and risktirersample: This table re-
ports the results of panel-data regression of investmetatnigible, intangible and human
capital on the rank-based risk measuteThe rank-based risk measurds obtained as
follows. Each year, we rank firms separately usjpgr o;. Then we definer! for firm i at
timet as the average of firits two ranks in yeat. We include among other explanatory
variables the levels of the productivity shodkg fytT " andlog 6! to capture business cycle
effects. In addition, we also include among explanatoryatdes several well-known de-
terminants of investment, namely Tobin’s Q, MA/BA, caskassets ratio, Ca/BA, cash-
flows-to-capital ratio, CF/K, and book leverage ratio, BB/Bangible investment is mea-
sured as the ratio of capital expenditures to net propeldnt gnd equipment. Intangible
investment is measured as the annual net rate of return istthek’ of intangible capital
defined as book assets minus current assets, minus netiyrqpent and equipment, and
plus the sum of current and past R&D expenses, , (1 — 10%)'~* R& Dy, adjusted
for a 10% annual depreciation. Employment change is medsigrthe annual percentage
change in the number of employees. All regressions are rtinfixed effects and have

errors clusters by industry. Robust t-statistics are itepldn parentheses.
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1991 2001 2008

88-90 91-93 98-00 01-03 05-07 08-10
MA,/BA, 0.0264* 0.019T" 0.0245*  0.00295  0.00942  0.00111
(3.25) (3.96) (5.16) (0.56) (1.48) (0.17)
CF,/K;_; 0.0263* 0.0217** 0.0111** 0.00719*  0.00986  0.00678*
(5.58) (4.31) (5.17) (2.71) (1.71) (3.92)
Ca/BA, 0.00528 0.0100** 0.0107* 0.00891** 0.00786™*  0.00297
(2.06) (3.63) (2.98) (5.35) (5.42) (1.03)
BD,/BA, -0.154** -0.110* -0.158** -0.133**  -0.119*  -0.186**
(-4.18)  (-3.41) (-4.22) (-4.49) (-3.42) (-4.02)
log 7 -0.00400 0.00225 -0.00640  0.0¥02 0.0111  0.0190
(-0.54) (0.55) (-1.35) (2.50) (1.18) (3.37)
log 0; 0.00532 0.0132 0.0119*  0.00678  0.00212  0.00375
(1.27) (2.51) (3.03) (1.76) (0.48) (0.50)
T -0.014%  -0.0127 -0.0147* -0.0244** -0.0143* -0.0243**
(-2.50)  (-2.61) (-3.94) (-6.70) (-2.87) (-5.87)

*p < 0.05,** p < 0.01, *** p < 0.001

Table XIllI: The relationship between intangible investinand risk - economic reces-
sions: This table reports the results of panel-data reigressf investment in tangible
capital on the rank-based risk measute The rank-based risk measureis obtained
as follows. Each year, we rank firms separately usingr o;. Then we definer; for
firm 7 at timet as the average of firnis two ranks in yeat. We include among other
explanatory variables the levels of the productivity stoclg %T " andlog 6 to capture
business cycle effects. In addition, we also include amotuaeatory variables sev-
eral well-known determinants of investment, namely Tabi@Q, MA/BA, cash-to-assets
ratio, Ca/BA, cash-flows-to-capital ratio, CF/K, and boekdrage ratio, BD/BA. Tangi-
ble investment is measured as the ratio of capital expargito net property, plant and
equipment. All regressions are run with fixed effects anderavors clusters by industry.
Robust t-statistics are reported in parentheses.
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1991 2001 2008

88-90 91-93 98-00 01-03 05-07 08-10
MA;/BA, 0.0230* 00119 00217~ 00179  0.0143  0.0193
(273)  (2.54) (5.59) (2.91) (1.47) (1.60)

CF/K,; 00147 0.0130 0.00812 0.00916  0.00939  0.00174
(2.24) (1.68) (2.18) (1.30) (2.00) (0.31)

Ca/BA; 0.0192* 0.0189** 0.00950  0.00521  -0.00139 -0.000395
(3.18)  (3.84) (2.67) (1.94) (-0.38)  (-0.07)

BD,/BA, -0.160* -0.0846 -0.194  -0.132  -0.303**  -0.282
(-3.00)  (-1.80) (-2.83) (-2.32) (-4.04)  (-2.65)

log 0; 0.0153 0.0169 000168  0.0147  0.0181  0.0121
(2.47) (2.28) (0.14) (1.36) (1.34) (0.69)
o -0.00859 -0.00301 -0.0208 -0.0243** -0.0230* -0.0291*

(-1.28)  (-0.58) (-3.82) (-3.56) (-2.88)  (-3.28)
*p < 0.05,* p<0.01, ™ p < 0.001

Table XIV: The relationship betwedntangible investmentand risk - economic reces-
sions: This table reports the results of panel-data reigresd investment in intangible
capital on the rank-based risk measuteThe rank-based risk measurds obtained as
follows. Each year, we rank firms separately usip@r o;. Then we definer! for firm i

at timet as the average of firriis two ranks in yeat. We include among other explana-
tory variables the level of productivity shodig 6 to capture business cycle effects. In
addition, we also include among explanatory variablesraéwveell-known determinants
of investment, namely Tobin's Q, MA/BA, cash-to-assetsoraCa/BA, cash-flows-to-
capital ratio, CF/K, and book leverage ratio, BD/BA. Intdotg investment is measured
as the annual net rate of return in the ‘stock’ of intangitdeital defined as book assets
minus current assets, minus net property, plant and equiprmaed plus the sum of current
and past R&D expenses, " _, (1 —10%)"* R& Dy, adjusted for a 10% annual depre-
ciation. All regressions are run with fixed effects and hawers clusters by industry.
Robust t-statistics are reported in parentheses.
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1991 2001 2008

88-90 91-93 98-00 01-03 05-07 08-10
MA./BA; 0.0142* 00129 00190~ 0.00877 0.0179*  0.0127
(2.81) (4.21) (4.94) (2.41) (2.92) (1.86)

CF,/K,; -0.000247 0.00959 0.00694 0.0113** 0.00997*  0.00348
(-0.02) (1.35) 2.71) (4.31) (2.84) (1.13)

Ca/BA, 0.00711 0.00779 0.00140  0.00260  0.00263  -0.00268
(1.69) (2.27) (0.63) (1.24) (1.43) (-0.91)

BD,/BA, -0.0276  -0.0310 -0.145 -0.123**  -0.124  -0.27T**
(-0.69)  (-0.89)  (-2.77) (-3.88) (-2.46) (-3.88)

log 0; 0.00881 0.015% 0.00911  0.00581  0.0123  0.0176
(1.48) (3.18) (1.14) (0.91) (2.08) (1.33)
™ -0.0115 -0.0106 -0.0160* -0.0168" -0.0227** -0.0258**

(2.09)  (-258)  (-3.27) (-3.66) (-4.08) (-3.64)
*p <0.05 " p<0.01, " p < 0.001

Table XV: The relationship betweemployment changeand risk - economic recessions:
This table reports the results of panel-data regressionvestment in human capital on
the rank-based risk measure The rank-based risk measureis obtained as follows.
Each year, we rank firms separately usin@r o;. Then we definer! for firm i at timet

as the average of firris two ranks in yeat. We include among other explanatory vari-
ables the level of productivity shodkg ¢: to capture business cycle effects. In addition,
we also include among explanatory variables several weilak determinants of invest-
ment, namely Tobin’s Q, MA/BA, cash-to-assets ratio, Ca/B#sh-flows-to-capital ratio,
CF/K, and book leverage ratio, BD/BA. Employment change é&asured as the annual
percentage change in the number of employees. All regressi run with fixed effects
and have errors clusters by industry. Robust t-statistiesegported in parentheses.
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