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Abstract

In this paper we explore the role of cash flow uncertainty aiparate employ-
ment and corporate investment. We find that cash flow unogytaas a significantly
negative impact on corporate employment and corporatsiment in both tangible
and intangible assets. Furthermore, we find that this negaipact is significantly
larger during recessions. Economically, if cash flow uraiety were to revert to
pre-recession levels, corporate employment would inerégsmore than 2.4 mil-
lion jobs, investment in tangible assets would increase.B%0]l and investment in

intangible assets would increase by 1.86%. These findingsl é@ve policy impli-
cations.
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. 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. In the traditional paradigm, the value of corfmiavestment is a function of

the project’s expected cash flows and its opportunity cosiapftal. The latter depends
on the covariance of project’s cash flows with investorstk#stic discount factor. In

particular, the value of corporate investment depends migtan the first moment of the

distribution of cash flows but also on higher moments. Inespitthis simple observation,

most of the empirical literature on the determinants of ocafe investment is silent when
it comes to the role of the higher moments of cash flow distidiout

In this paper we study empirically the role of the second munoé the cash flow dis-
tribution for corporate investment in tangible and intdohgiassets as well as corporate
employment.

The main challenge in addressing the role of higher momdntedlistribution of future
cash flow for corporate investment/employment is the measent of these moments.
We start with a simple theoretical framework to help us idgnestrictions on the dy-
namics of a firm’s future cash flows. Then we use these modeiatéans to identify the
time-series of innovations in a firm’s cash flows in the data.tkién project these implied
innovations on variables that are likely to capture infatiora about cash flow uncer-
tainty, such as the volatility index, VIX. The end result ifrae-varying estimate of the
conditional volatility of a firm’s cash flows. This estimated product of a time-invariant
but firm-specific component (the coefficient from the pragtt and a firm-invariant but
time-varying component (e.g. VIX). We call this estimate ttash flow uncertainty mea-
sure, and we denote it with;.

In our theoretical framework, firms use capital and labongsiis of production. Workers
are paid competitive wages (cost of labor) that reflect tme’'sidemand for labor as well
as the consumers/investors’ willingness to supply thesssng labor. Firms carry a stock
of capital and operate at full capacity facing fixed produtitosts. Consumers/investors
earn wages from the supply of labor in one firm, and they earidehds (financial in-
come) from their ownership of the rest of the firms in the ecopoConsumers/investors
decide how much labor to supply, where to allocate their firdnwvealth, and whether to
increase or decrease the production capacity of the firmsheg own.

1See King and Rebelo (2000) for a recent survey of the finaeci@homic literature on the role of cash
flow uncertainty in corporate investment.



This framework yields two interesting results. The first amehat the dynamics of a

firm’s cash flows have a predictive component that dependariy on lagged cash flows
and non-linearly on the firm’s marginal g, cost of labor, agdragate demand for output
product. In addition, the innovations in cash flows are egldb either innovations in

the cost of labor or innovations in the fixed production coStke second result is that
corporate investment depends nonlinearly on marginal ¢ sephrately, on the cost of
labor, and it depends linearly on the firm’s current cash flovaddition, the cost of labor

is fully determined by the capital stock and the aggregateantel for the output product,

and, through this channel, corporate investment becorseselated to lagged corporate
investment decisions.

Turning to the empirical part of the paper, we use the firsiltés construct our empirical
measure of cash flow uncertaindy, and then we use the second result to assess the role
of o;;+ for corporate investment.

Regarding the construction of the uncertainty measuyethe theoretical restrictions on
the dynamics of firm cash flows (the first result above) sugtiegtinnovations in cash
flows can be recovered as the residuals of a within-industnaihic panel data model of
firm cash flows which allows explicitly for time-variation production input levels and
prices (these explanatory variables are available at indieel). We use this approach
to identify the innovations in cash flows and then we follow #teps discussed above to
construct the cash flow uncertainty measuyge

Regarding the role of cash flow uncertainty in determiningpocate investment, our
model suggests (the second result above) that the onlyoyagan impacts corporate
investment is through the firm’s marginal q. This means thati want to study the em-

pirical relationship between cash flow uncertainty and omafe investment we have to
control for marginal q. Furthermore, according to our tle¢ioal result, marginal g is not
the only determinant of corporate investment, and, in @aldr, we have to control also
for the level of firm’s cash flow as well as lagged corporat@atnent decisions. To this
end, we follow Hennessy (2001) and use the firm’s Tobin’s Qitsdook leverage ratio

as proxy for marginal g. We then estimate the empirical imtahip between corporate
investment and the cash flow uncertainty measyrén a dynamic panel data model with
explicit controls for a firm’'s Tobin's Q, book leverage, imal cash, and free cash flow
(the last two variables of firm cash flows are defined as in Leatay\Whited (1996)).

Before we present the main empirical findings, we want to tpmin that besides measur-
ing cash flow uncertainty and studying the relationship letwthis measure and corpo-
rate investment, our study also expands the definition giarate investment to include
not only investment in tangible assets but also investmemtangible assets and also
corporate employment (as a proxy for investment in humaitadapWe measure invest-

ment in intangible assets as the percentage change in ttledftintangible capital and

corporate employment change as the percentage changenartiizer of employees. We
construct the stock of intangible capital using traditiomacroeconomic techniques that
account explicitly for research and development experestand capitalized intangibles.
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We use both corporate investment in tangible and intangibteets as well as corporate
employment to study the impact of cash flow uncertainty opate investmert.

Our main empirical findings are as follows: First, there isrargy and negative relation-
ship between the cash flow uncertainty measyrand corporate investment in either tan-
gible or intangible assets. This relationship is robustoiatiols for marginal g and firm’s
cash flow, to firm-fixed effects and time-fixed effects, to wieetthe estimation model is
dynamic or passive, and to endogeneity specifications fdtmamic model. Second,
there is a strong and negative relationship betwegrand the corporate employment
change. This relationship is robust to the same changestifgations/methodology as
before. Third, and final, the impact of; on either corporate investment or employment
is significantly stronger during the period following thedircial crisis of 2007-2008 than
during the period leading up to this crisis.

To get a sense of how strong these relationships are we petf@ following heuristic
experiment. Suppose that the level of average cash flow taiatyr were to drop from
the level observed in 2009 (a post-crises level of cash flovedainty that is particularly
elevated) to the level observed back in 2005 (a pre-crigid)leHow much would corpo-
rate investment and employment change as a result of theimlicgsh flow uncertainty,
holding everything else constant? We obtain, that corparatestment in tangible as-
sets would increase hiy4%, corporate investment in intangible assets would incrégse
1.86%, and, finally, corporate employment would increase by mioaa2.4 million jobs
(or equivalently corporate employment change would irseday1.87%).

These numbers suggest that cash flow uncertainty has a cigmifimpact on corporate
investment at all levels. Furthermore, corporate investriteintangible assets and corpo-
rate employment are especially sensitive to changes infagluncertainty. Overall, the
magnitude of these numbers suggests that decreasing casinfiertainty at the times of
duress can greatly improve the overall economy by stimndatorporate investment and
employment.

We run several additional robustness tests to see whethegsults stem from a potential
connection between the projecting variable, namely V4t thcrucial in the construction
of o;;, and the overall corporate investment and employmentigctiin particular, we

use the policy uncertainty index of Baker, Bloom and Davi3l(® as an alternative to
VIX and find that the new measure of cash flow uncertainty (ghatsed on the policy
uncertainty index) is still strongly negatively relatedtioth corporate investment and
employment. Furthermore, when performing the heuristergge above using this new

2The literature on corporate investment addresses usnabgiment in tangible assets. Important contri-
butions to this literature include Kaplan and Zingales @)9%azzari, Hubbard, and Petersen (1998), Whited
and Wu (2006), and Duchin, Ozbas, and Sensoy (2010). Thetditxature on corporate investments in
intangible assets is comparatively quite modest. Imporantributions include Bhagat and Welch (1995)
and Fee, Hadlock, and Pierce (2009). However, even thessrpapnsider but subsets of intangible as-
sets; for example, Bhagat and Welch consider R&D investsyavitereas Fee, Hadlock and Pierce focus on
advertising expenditures.



measure of firm cash flows we find similar magnitudes. We censil$o other alternatives

for the projecting variables as well as other estimatiohniéues and in all cases we find
that cash flow uncertainty has always a strong and negatipadtron both corporate

investment or employment.

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 moEam@es.

The relationship between investment and uncertainty has the focus of many theoreti-
cal and empirical studies for the past 50 years. From a thieakrstandpoint, 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@feand negative if investment
is partially irreversible and the marginal revenue prodifctapital is concave in produc-
tivity shocks® From an empirical standpoint, most of the evidence seemsppst a
negative investment-uncertainty relationship.

Our paper differentiate on several levels from the extanpigoal literature on the rela-
tionship between investment and uncertainty. Unlike mogtigcal studies in this liter-
ature, our measure of cash flow uncertainty is not based orAdiat equity returns, but
rather on projecting variables such as VIX that are not tliyeelated to corporate invest-
ment/employment decision in one particular firm. In patacuour cash flow uncertainty
measure is less prone to endogeneity issues that arisediestinat use risk measures
based on firm-level equity returfis.

The remainder of the paper is organized as follows. Sectialevelops our model of
the production economy and motivates our measure of cashufigertainty. Section I

3For models that predict a positive investment-uncertaistgtionship see Hartman (1972), Caballero
(1991), Abel (1983), Abel (1984), and Abel (1985). For madhht 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).

4See for instance Leahy and Whited (1996), Bulan (2005), ®1a¢2005), Bloom, Bond, and van Reenen
(2007), Bloom (2009) and Panousi and Papanikolaou (20189sé studies also provide extensive literature
review.

5There is an extensive literature documenting a strong ltvben investment post stock performance
(including stock volatility). See for instance AndersorddBarcia-Feijoo (2006) and Cooper, Gulen, and
Schill (2008).



estimates the cash flow uncertainty measure in the dataio8é¥tinvestigates empiri-
cally the relationships between corporate investment @leyment and our measure of
cash flow uncertainty. Section V investigates these relaligps around the late financial
crisis of 2007-2008. Section VIl discusses the various stiess checks that we perform.
Finally, Section VII concludes with a discussion of our f&su

[I. A dynamic model of firm cash flows

Consider a perfectly competitive economy populated by mdestical firms and many
identical investors/consumers. Firm output, is given by a standard neoclassical con-
stant returns-to-scale production function that usesmsténcapital k;, and labor]”

yt:F(ktaltD)' (1)

The firm takes output priceg,, as given, so that its revenues equal,. The market for
labor is competitive and the firm pays competitive wagegs,per unit of labor. The firm
faces also fixed production costs that take the followingifor

(D + €]k, (2

wheree; is an i.i.d random production cost shock with mean zero. Veerag that the
firm’s capital depreciates at a rade Let 7 denote the marginal tax rate on corporate
profits. Then the firm’s free cash flows can be computed withdhewing formula

m = (1= 7) [prye — wil? — (@ + &)ke] + T6k;. 3)

Firms are owned by investors/consumers who decide eveiggoeow much to consume,
how much to work, and how much to invest in the firm to maximtzgirt life-long utility

max ' Elu(er, 1)), 4)
ct,l? e, 0t =0
subject to the budget constraint
¢t + 0P < wily + 0,1 [Py + (mp — 24)), (5)

wherez; is the amount of new capital that investors/consumers ddoiddd to the firm’s
capital stock, and; — z; is the dividend paid out by the firm. We assume that the utility
function v takes the following form

w(en, 1p) = Ule, — G(IY)), (6)

where the univariate functiori$ andG satisfy the usual regularity conditions. We assume
that the firm’s capital stock follows the dynamics

kt_;,_l = (1 — 5)kt + . (7)
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Firms decide every period how much labor to use in the pracluct

Hllgx . (8)

In particular, notice that the firm delegates its investnuaision to investors/consumers.

In equilibrium, in each period, we must have that demand for labor equals the supply of
laboriP = I, and that investors/consumers hold the entire supply ofsfistock,; = 1.

The producers’ first order condition is
_ D
Wy = ptF2(kt7lt ) 9)
Similarly, the investor/consumer first order conditions ar

(1 (Ctylf)wt = _u2(ct7lf) (10)
w (e, 1) = @i,

wheregq; is the Lagrange multiplier of the capital stock dynamicsatiun. Exploiting
the separability of labor and consumption in the utility ¢tion, we obtain the following
equilibrium equations

1
w = ke [(1 - Oé)PJ
15 = 1P = wf (11)
0 -3
Ty H—th —q Tt T,

141
wherev = 5 + 2.

The first equation determined the optimal wage rateas a function of contemporaneous
capital stock and output prices. The second equation descthe equilibrium demand
and supply of labor as a function of wage rate. Finally, theildgium investment rate
is a function of the firm's contemporaneous cash flay,and marginal, ¢;, and also
equilibrium wage rateyws.

An important consequence of the last of these equilibriumagqgns, is that the rela-
tionship between corporate investment and marginal q igiy®snd highly non-linear.
Corporate investment is also positively related to the roontemporaneous cash flow,
the aggregate demand for the firm’s output good (throughliequm wages), and the
level of capital stock. In particular, corporate investmisnpositively related to lagged
corporate investment.

Substituting these formulas back into the equationtfoand using again the capital stock
dynamics equation we obtain the following dynamics for theeghadow cost of capital

¢t = BE; [qt+1G (Wit 1, P15 €441)] (12)
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and the following dynamics for the firm’s cash flows

0

M1 = PTE — PG, T4 H(wt,pt) + Oém |:wt1-if — wt1+9:| _ (1 — T)kt+1€t+1> (13)

wherep = 76 — (1 — 7)®. The derivations of these formulas along with the defingion
of functions H andG are in the Appendix.

The last equation says that firm's cash flows are determinetthdoyirm’s lagged cash
flows, m;, the firm’s shadow cost of capitaj;, the cost of laborw;, the current demand,
]

_0 0
ps» and, finally, innovations in the cost of labar,,'} — w,**, and non-labor production
COStS,€141.

Our goal in this paper is to construct a time-varying measiira firm’'s cash flow un-
certainty. To this end the above equation is useful becdus#s us how to uncover the
shocks in firm cash flows. Namely, these shocks are the rdsidiia dynamic model
of firm cash flows after controlling for firm variables such alsdr cost, demand, and the
cost of capital. The next section attempts to do just that.

[Il.  Measuring cash flow uncertainty

The model in the previous section has an important predidto the dynamics of firm
cash flows. Namely, that the change in cash flows from one ptimfuperiod to the next
depends on two terms: on the one hand the level of cash flowsl&st production period
(scaled down by a positive constant less than 1), and, onttiex band, a cumulative
sum of innovations in cost of labor, variable cost of producie.g. cost of non-labor
production factor inputs), and productivity of new capitahtive to vintage capital. If we
denote withe; ;1) the vector of unit-variance innovations in the second teand with
0;,€1+1) the second term, we can restate this prediction as follows

CFiy1) — CFit = ACFy + Zit€i(s41), (14)
where is a constant.

In this section we use this equation to guide us in extradmmgvations in firm cash
flows, and then to estimate the conditional variance of tlseeeks. According to the
restriction above, we should be able to identify cash flomswuations only after we take
into account the dynamic nature of firm cash flows. In addjtrather than restricting
to be the same across all firms, we allavio vary across industries. That is we replace
with \;, whereJ is an index for industries.

Empirically, one way to implement these two observatioris imodel firm cash flows us-
ing a within-industry dynamic panel data model. Along thises, we use the following
specification

CFyi11)

BAjq41)

CFi

= (=M gt

+ s Xit + i + €41, (15)
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whereX; is a vector of variables that contain information about fimoductivity, cost of
labor and non-labor factors of productioh,is a dummy for unobservable firm-specific
fixed effects, and the erroeg, 1 are i.i.d with zero mean and conditional variarg.

A few comments are in effect. First, unlike the model retiit (14), our empirical
specification in (15) scales cash flows by book assets. Tlys liprove the fit of our
model, as scaled cash flows are substantially less volatiténandustry than plain vanilla
cash flows. Second, our specification takes into accountiahiéie extent that our cash
flow dynamics are misspecified, the variables whose innowatmake up the second term
in equation, and which we denote collectively wixh;, might affect cash flows directly.
Finally, since all variables considered here are endogetmthe firm, we have to allow
for potential unobserved firm fixed effects.

Once we extract the erroeg, we estimate the firm-specific conditional variangg us-
ing a simple linear projection. That is, suppose thais a vector of variables that are
informative about cash flow risk (we discuss below the choifdbe variablesZ;). Then,
for each firmi, we regress the squared fitted errors from the dynamic pateindodel on
Zy,

Exrrn) = M0 + 012 + Vi), (16)

wherev;; are i.i.d errors with zero mean. By definitioﬁ,?t = Et[e?(tﬂ)], and we can
estimater;; using the formula

5 = fio + 1 Z-
While we find thaty; is positive for almost all firms in our sampley);o can be occasion-
ally negative. In particula@?t may fall below zero for certain times and therefore our
interpretation oii?t as a conditional variance is not appropriate. To avoid ggse, we
define our cash flow uncertainty measure as follows:

ot =\ 52 — Mo = \/ T Zs. (17)

Our goal is to study the relationship between investmeniagged cash flow uncertainty.
In particular, the time-varying component of cash flow uteiety is clearly important.
To this end, notice that? is obtained by shifting the estimate of the conditional aacie
of cash flows,ift, by a firm-specific constant (i.e};y), while retaining intact the time-
varying component of:2..

We now discuss the choice of projection variablgs The defining property ofZ; is
that they have to contain information about the conditiaalances of future cash flows.
A natural candidate fog; is the firm-specific annual stock return volatility. However
since our ultimate goal is to analyze the relationship betwiavestment and cash flow
uncertainty, we have to be mindful of whether the projectiariablesZ; are not them-
selves endogenously related to corporate investment. nstarice, to the extend that a
firm precommits in advance to its investment plans - whiclpgcally the case in the real
world-, its stock returns will reflect these growth plansdrefthe firm makes the actual in-
vestment. Consequently, a cash flow uncertainty measuesl lmasstock return volatility

9



from stock prices prior to the actual investment, will refieéormation about investment.

This link will bias the relationship between cash flow unaity as measured by stock
return volatility and corporate investment. There are sa\a&udies that use stock return
volatility as proxy for risk and study the relationship betm corporate investment and
risk. These studies do not agree on the sign of the relafipristween investment and
risk, and not even on whether there is such a relationshif. at a

To avoid this severe endogeneity problem, we choose to fmcwsriablesZ; that are not
firm specific, yet still capable of capturing some informatabout cash flow risk. We
chooseZ; to be VIX - the S&P 500 volatility index that trades on CBOE X\ineasures
the implied volatility of S&P 500 Index from the prices of S&R0 index options. Unlike
idiosyncratic stock return (realized) volatility, VIX ig$s likely to be impacted by invest-
ment precommittment announcement of any of the firms in th® S&0 Index, because
the impact of such an announcement on index levels or retsidempened by the weight
of the firm in the index. In a later section, we also consideess alternatives to VIX,
and show that the main results, which we will present in the section, still obtain.

Our sample consists of all COMPUSTAT firms between 1986 ardd 2@/e focus on this
time period because of the availability of price data for VHowever, later on, when we
consider alternatives to VIX that have longer lifespans,extend the sample period as
well. We emphasize that our sample considers firms faliravailable industries, includ-
ing financials, leasing, insurance, real estate etc. We iddoitause we plan to study
the impact of cash flow uncertainty not only on traditionalpmrate investment in tangi-
ble assets, but also corporate investment in intangiblet&sgid human capital as well.
While investment in tangible assets is not necessarily éaflhed for non-manufacturing
industries (once we exclude real estate property and canpquipment), investment in
human capital is certainly well defined for all industries.

Traditional variables such as book assets, capital stagkstment in tangible assets etc.
are defined using the standards in the corporate financatliter New variables such
as investment in intangible assets or human capital will &éndd along the way. For
convenience we include an appendix with the definitions lofealables .

As mentioned above, the first step in constructing the caghdlertainty measure;;

is to estimate the dynamic panel data model (15). We defirteftagsC F;; as EBITDA.
X, is a vector of variables that are informative about factadpictivity, cost of labor
(e.g. wages, salaries and other benefits etc), and cost dahonfactors of production
(e.g. energy, raw materials and commaodities etc). The weXtpinclude the following
variables: multi-factor productivity, output per unit chmtal, output per hour of labor,
sectoral output, capital services, labor hours, cost afrladnd cost of combined inputs.
All these variables come from NIPA Industry Database andoatg available at annual
frequency and aggregated at the industry 1évale also use the standard industry classi-
fication used in NIPA tables.

®Access to the NIPA Industry Database can be obtained thrthegBureau of Labor Statistics’ website,
namely http://www.bls.gov/mfp.
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We estimate the dynamic panel data model (15) within eaalssing We use the method
proposed by Arellano and Bond (1991) with the assumptioasrttulti-factor productiv-
ity, output per unit of capital, and output per hour of laboe axogenous, while the rest
of the variables inX;; are endogenous. We choose to specify multi-factor prodtycti
output per unit of capital, and output per hour of labor aggexmus, because they all re-
flect the efficiency of the technology used by the firm rathantthe managerial decisions
of the firm. In a later section, we show that our main resultisaditain when we change
these assumptions.

Once we obtain the cash flow innovations from (15), we esgn(i#) firm by firm, and
then construct our measure of cash flow uncertamty Figure 3 plots the annual cross-
sectional median of this cash flow uncertainty measure. Weenthat cash flow uncer-
tainty is particularly high during economic downturns.

The next section explores the empirical relationship betweash flow uncertainty and
corporate investment.

IV. Relationships betweenos;; and corporate investment and
employment

Unlike most empirical tests on the relationship betweempate investment and uncer-
tainty, we expand the scope of the notion of corporate imvest and consider investment
in both tangible assets and intangible assets unrelatednbai capital. In addition, we
also consider corporate employment as a proxy for invedtimemuman capital. In sec-
tions B. and C. below, we discuss in more detail how we medauestment in intangible
capital and corporate employment.

The model in Section Il constraints the dynamics of optinmaporate investment to be
a function of several determinants, namely the firm’s maigq) the contemporaneous
cash flow, the level of capital stock, and the output pricesafflgregate demand for the
output good). This result has two important implications dar empirical analysis. On
the one hand, it says that the optimal corporate investmess dot depend exclusively
on the firm’s marginal q - as the g-theory of investment prsdicbut it depends also
on other firm variables such as firm cash flow. On the other hidwedonly way optimal
corporate investment relates to cash flow uncertainty @itin the firm’s marginal g. This
happens because with the exception of margjredll the other determinants of corporate
investment (mentioned above) can be computed without fagnexplicit expectations
about future cash flows. However, to compute marginake need to form expectations
about what determines marginal q in the future - such as #tahiition of future cash
flows - (see equation (12)). In particular, marginal q degemdthe standard deviation of
the firm’s future cash flowss;;, that we define in the previous section.

In our model we see think of corporate investment in a broadase which includes in-
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vestment in both tangible and intangible assets, as weliv@siment in human capitél.
For the rest of the paper we want to investigate empiricaligtiver there is a relationship
between corporate investment or employment and cash floertaiaty, o;;. According
to our model cash flow uncertainty should affect corporatestment/emplyment though
marginal g. In particular, we cannot study the relationgi@pveen corporate investment
ando;; inisolation, but rather on the margin, that is, we can onlglgtwhethers;; deter-
mines corporate investment above and beyond marginal gthed known determinants
of corporate investment (e.g. cash flow measures). Thisoapprto studying this rela-
tionship is similar in spirit to the approach suggested inlyeand Whited (1996).

Our empirical models below take these considerations iotownt. In particular, we use
Tobin’s Q, MA;;/BA;;, to proxy for marginal g, and we use two cash flow measures,
namely cash flows to capital ratio, @FKi(t—ly and cash to assets ratio, G8A;;, to
capture the potential dependence of corporate investnmerdrtemporaneous cash flows.

We consider two basic approaches to testing the empirittlorship between corporate
investment or employment and cash flow uncertainty. The dipgtroach is a standard
panel data regression with controls for business cyclasitmient opportunities, and fi-
nancing constraints. This approach relies on unobservedfitked effects and time-fixed
effects to cope with potential endogeneity inherent in masiables considered. In addi-
tion to Tobin’s Q and the two cash flow measure discussed abovalso use real GDP
annual growth rateg;, as a proxy for business cycle. We also use book leverage rati
BD,:/BA;, to allow for the possibility that investment depends onritiag constraints.
To simplify the exposure, we group all these firm variables irector v;.

Let z;,41) denote either corporate investment or employment over théugtion cycle
(t,t + 1). Then, our panel data regression has the following spetdita

Ti(i41) = G0 + 104 + G2gs + a3Vie + Ui + O + €y (18)

The second approach that we consider to investigate thigoredhip between cash flow
uncertainty and corporate investment/employment is bas@dlynamic panel data model.
The general specification of this model takes the followiowgrf

Ti41) = bo + b1is + b10i + bage + b3Vie + ui + 0¢ + €511 (19)

This model is estimated using the GMM methodology of Aradlamd Bond (1991) and

it assumes that the vector of variablgsis endogenous while the business cycle variable
g: is exogenous. We consider two specifications of this modetui@ing on whether cash
flow uncertainty,c;;, is assumed exogenous or endogenous.

’In the model both firms and consumers make decisions abowtetmand and supply of labor hours,
respectively. We view this labor demand/supply decisiobeiag different than the investment in human
capital. That is, consumers can choose to invest in humaitatyst as they choose to invest in either
tangible or intangible assets.
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A. Corporate investment in tangible assets

We first study the empirical relationship between our measdircash flow uncertainty,
o, and corporate investment in tangible assets. Like mosteotorporate finance liter-
ature on corporate investment, we measure corporate ineastin tangible assets as the
ratio of capital expenditures for the production perioedt + 1) to the capital stock at the
beginning of this production period. However, unlike mdsidées in this literature, we
expand the scope of our analysis and include all availabliesitnies for our sample period.
In particular we include industries such as financials,itegsnsurance, real estate etc.

We report the results in Table 1l. As mentioned above, we wsenbethods to estimate
the relationship between corporate investment in tangibbets and cash flow uncertainty.
For the first method - described in (18) - we estimate two $igations which differ only
in whether we include time dummies or not. Column | presdmesrésults of the specifi-
cation without time dummies while column Il presents thesoakthe specification with
time dummies. For the second method - described in (19) - wsider two dynamic mod-
els, depending on whether the cash flow uncertainty measyrés assumed exogenous
or endogenous (columns V and VI). For each of these dynamietapwe estimate two
specifications which, as before, differ only in whether welliide time dummies or not.
Columns Ill and 1V present the results of the dynamic moddhwxogenous;;, under
the specifications without and with time dummies, respebtivSimilarly, columns V and
VI present the results of the dynamic model with endogemrgusinder the specifications
without and with time dummies, respectively.

The results of Table Il show that, regardless of the methadti@ispecification used, the
relationship between investment in tangible assets and ftaw uncertainty is always
strongly negative. The strength of this relationship, aasneed by the coefficient in front
of 0;;, depends on the method and the specification used. In dartieend maybe not
surprisingly, within the specifications with time-fixed edts, the strength of the relation-
ship between corporate investment and cash flow uncertdintinishes to some extent.
However, even within these specifications, the relatignsbimains strong, both statisti-
cally and economically. This observation is important lseathe time variation ia;;
comes entirely from VIX, and one might suspect that the imghip between corporate
investment and;; shows up in our results because of the years when VIX is jpdatly
elevated (e.g. around economic recessions). The fact thding a strong relationship
between investment and cash flow uncertainty, even aftaradtimg for time-fixed ef-
fects, suggests that our measure of uncertairty,captures more than just time-specific
economy-wide events.

The GMM estimates of the;; coefficient from dynamic panel data models - specifications
[l to VI - rely on over-identifying moment restrictions. Test for the validity of the over-
identifying moment restrictions we employ the standardy&artest. We notice that for
all specifications the Sargan test is significantly difféerieom zero, and, therefore the
validity of the over-identifying moment restrictions cartrbe rejected. Incidentally, we
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also notice that across all specifications, the test of gigmificance of the independent
variables comes up always significant.

Another interesting take away from this table is the refeiop between corporate invest-
ment and the GDP growtly“P”. For all specifications, this relationship is strong and
positive. That is to say, an increase in GDP growth stimslptesitively corporate invest-
ment in tangible assets. In the neoclassical growth model tlzerefore in our model as
well, GDP growth is associated with aggregate output growhparticular,¢&”" and
cash flow growth are related. From this perspective, one ltak bf ¢g&”* ando;; as
complements: whilg&P" is informative about the conditional mean of cash flows,

is informative about their conditional variance. Thus, thiationships between corporate
investment and eithes&”” or o;; suggest that an increase in the conditional mean of
firm cash flows has a positive impact on corporate investnmetatrigible assets, while an
increase in the conditional variance of firm cash flows hagjathe impact.

To better grasp the economic impact of these empiricalioglstips, we propose a simple
numerical experiment. Suppose that the average cash flosvtaimty were to drop from
its 2009 level to a pre-crises level, say 2005. Then the geecarporate investment in
tangible assets would increase by 1.2%imilarly, if the GDP growth rate in 2009 were
to drop to the GDP growth rate of 2005, the average corponatssiment would increase
by 1.37%, in absolute terms, and 8y78%, relative to the investment in 2069.

B. Investment in intangible assets

Many of the results of the previous section can be extenddadtamgibles 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 assemplicates 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 camgtto fit aggregate moments of
corporate activity from the NIPA tables. However, this aygwh is difficult to use at firm

8Based on the times series of cross-sectional averagesastinent and uncertainty measures in Figures 3
and 1, we notice that between 2005 and 2009 average invesimemgible assets dropped fra25.47%
to 18.83%, while averager increased fron2.76% to 4.36%. Thus, if o were to drop to the 2005 level,
investment would increase by0.880 x (2.76% — 4.36%) = 1.4%. Relative to the level of corporate
investment in 2009, this increase becorme’/18.83% = 7.48%.

%Following the approach from the previous footnote, GDP dhovate drops fron2.69% in 2005 to
0.19% in 2009. In particular, ifgSP" were to increase to the 2005 level, investment would inerdss
0.547 x (2.69% — 0.19%) = 1.37%.
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level because some of the aggregate quantities in the NiR&stare not available at firm
level.

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 anspmesit. This means that
the book value of intangibles assets acquired throughaliaggitl investments should be on
the balance sheet, while the book value of intangible assepsired through expensed in-
vestments should not. Therefore, the challenge is to medsebook value of intangibles
assets that are not on the balance sheet.

Our view is that a good measure of the stock of intangibletabghould 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
kl, = (TAj — CAy — PPENT,) + > (1—6")""R&Dj,, (20)
T

s=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 of’, captures the portion of the stock of intangibles capital tha

the result of investment in intangibles assets that ardalggad. For a drug company (e.g.
Merck) or a tech company (e.g. Cisco) this component willtaimbalance sheet items
such as "Goodwill” and/or "Intangibles Assets”.

The second component bf, is an attempt to capture the portion of the stock of intaregibl
capital that is the result of R&D investments. Our compongm®issentially a cumulative
sum of all past R&D expenses, adjusted for depreciation. $8arae a depreciation rate,
s, of 10%, which corresponds to amortizable life - the length of time it takes research
and development investments to be converted into comnmhe@raducts - 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 DrutysiAistration'® We
have experimented with various values #r ranging from0% to 20%, and our results
are qualitatively unchanged. These additional resultsiza#able upon request.

We define investment in intangible assets as the percentagee ink’, and we denote it
with Intan;;. We choose to work with investment net of depreciation nathan simply
investment to economize on the assumptions about depoegcrates for intangible assets.
Recall that we had to make an assumption about the depoeciatie,s’, of intangible
assets that are acquired with research and developmemsogpeHowever, it doesn’t
necessarily follow that intangible assets acquired withiteized investments depreciate

105ee Damodaran (2009) for more on the amortizable life ofarebeand development.
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at the same rate. In fact, one would have to make an assungiimut the depreciation
rate of intangible assets acquired with capitalized inmesits, because we only observe
the stock of these type of intangible assets.

Now that we have a good measure of intangibles investmentare/geady to explore
empirically the relationship between intangible investirend cash flow uncertainty. We
employ the same methods and specifications as in the presemii®n. Specifically, we
estimate the models (18) and (19), where we now;gdb equal Intap.

Table 11l reports the results. The recurring theme acrdssatiel specifications, | - VI,
is that the empirical relationship between investment tarigible assets and cash flow
uncertainty,o;;, is strong and negative. In particular, this relationslsipabust to time
fixed effects and to dynamic panel estimation methods. éstemgly, the relationship
between investment in intangible assets and the GDP grgwtfY,, is only positive and
statistically significant in only two of our specificationBhis suggests that like investment
in tangible assets, investment in intangible assets is @ra@ken cash flow uncertainty is
elevated. However, unlike investment in tangible assetgstment in intangible assets is
not necessarily stronger when the economy expagfd?1 is high).

To gauge the economic impact of the empirical relationskeipvben investment in intan-
gible assets and cash flow uncertainty, we perform a sinxarcese as with investment
in tangible assets. Suppose that the average cash flow aintgrvere to drop from the

post-crises level in 2009 to a pre-crises level, such as.2088&n the average corporate
investment in intangible assets would increasd 18$%.%*

C. Corporate employment

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 investmentsiinan 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 @ihpaunt importance in

the typical macroeconomic paradigm, we do not attempt t& 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.

Based on the times series of cross-sectional averagesasitinent and uncertainty measures in Figure 3
and 1, we notice that between 2005 and 2009 average invesimietangible assets dropped from.04%
to 3.81%, while averager increased from2.76% to 4.36%. Thus, if o were to drop to the 2005 level,
investment would increase by1.165 x (2.76% — 4.36%) = 1.86%.
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One such measure that is likely to be highly correlated wighunobserved human capital
investment is employment change. This measure is simplgrihaal rate of change in the
number of employees in a firm (change in number of employess frast year divided
by the past year number of employees), and we denote ithuitly;;. While this measure
is arguably subject to potential problems (e.g. How acelyato firms report the current
number of employees on payroll etc), the one clear advamifigging this measure is the
fact that data on the number of employees is available at éuel| Most importantly for
our goal, this measure is likely to capture one of the mosontamt stylized facts around
economic recessions/expansions: firms reduce labor meestduring economic reces-
sions and increase labor investment during economic eigatsFigure?? 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
labor demand in response to innovations in cash flow unogytaiVe employ the same
methods and specifications as in the previous two sectigmscifgally, we estimate the
models (18) and (19), where we now ggt to equal Emp. We report the results in
Tables IV.

Our findings support overwhelmingly a strong negative refeship between employment
change and cash flow uncertainty. This relationship is rofousme fixed effects as well
as estimation methodology. Incidentally we notice thatethie estimates for the strength
of this relationship are particularly sensitive to time theffects, these estimates from the
specifications with time dummies are still statisticallgrsficant. We also notice that
the relationship between employment change and GDP graighig strong and positive
only in specifications without time-fixed effects. Thesaulsssuggest that like investment
in tangible or intangible assets, corporate employmenh@haleclines as a result of an
increase in cash flow uncertainty. However, unlike invesiinretangible assets, corporate
employment change does not necessarily increase as aotaunll increase in the GDP
growth rate.

Just as in the previous two sections, we can gauge the ecommpact of the empirical
relationship between employment change and cash flow @iggriwith the following
exercise. Suppose that average cash flow uncertainty wehepofrom the post-crises
level in 2009 to a pre-crises level, such as 2005. Then theageecorporate employment
change would increase hiy87%.13 We can further recast this percentage improvement
in employment change in terms of number of jobs. Averageegde employment in
the U.S. in 2008 wad30 million, while average employment change across firms was
-2.59%1* Relative to 2009, a drop in cash flow uncertainty to the 2008l lould add

123ee for instance Boileau and Normandin (2002), ReinhartRogbff (2009), IMF (2010), and Verick
(2009).

3Based on the times series of cross-sectional averages dbymgnt change and uncertainty measures
in Figure 3 and 1, we notice that between 2005 and 2009 averagiyment change across firms dropped
from 5.58% to —2.59%, while averager;; increased fron2.76% to 4.36%. Thus, ifo;; were to drop to the
2005 level, employment change would increase-y171 x (2.76% — 4.36%) = 1.87%.

¥pccording to the historical establishment data (Table Baiyle available by the Bureau of Labor Statis-
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2.43 million jobs to the econonly. These are large magnitudes, suggesting that firms
adjust swiftly their use of labor to counteract the negaitmpact of large innovations in
cash flow uncertainty.

V. The financial crisis of 2007-2008

In this section we ask whether the strength of the relatigsshetween cash flow uncer-
tainty and corporate investment and employment changésthgt state of the economy.
A casual look at the time variation of our measure of cash flogeuainty in Figure 3
reveals thawb;; is substantially more elevated during the late financiadesithan prior
to the crises. This leaves open the possibility that thetioglships between cash flow
uncertainty and corporate investment and employment cadiftezent across different
states of the economy. To test whether this is indeed the w&sestimate the strength of
these relationships from two different periods surrougdire late financial crises, namely
2004-2007, and 2008-2011.

We use each of the three econometric models proposed betoreely the fixed-effects
panel model (18) and the dynamic panel models (19), witreeimdogenous or exoge-
nous assumptions aboat;. To facilitate the comparison of the estimated coefficients
across the two periods, we normalized the cash flow uncgrtaieasures (interacted
with a dummy variable indicating the periody;:1{04—o7y andeitlgos_11y to have unit
standard deviation. We denote the normalized cash flow messgross the two periods
with 7t 104—o7y @andai: 11311}, respectively. Table V summarizes the results from each
econometric model for either type of corporate investmedtfar corporate employment.

Regardless of the econometric model used, the results wotifat the relationships be-
tween cash flow uncertainty and corporate investment andogmpent are strong and

negative in both the pre-crises and post-crises periodaeMer, the results also underline
a novel and interesting pattern. Namely, that both corpadratestment and employment
are more sensitive to changes in the cash flow uncertaintgunedn the post-crises pe-
riod rather than in the pre-crises period. The formal testluéther the slope coefficients
are indeed different across the two periods rejects theimutiost specifications. These
results suggest that the strength of the relationshipsdmtvweash flow uncertainty and
corporate investment and employment depend indeed on dbe @t the economy. In

particular, any corporate and government policy directsdatd reducing cash flow un-
certainty in order to stimulate corporate investment/eyplent should be more effective
during time of economic of distress.

tics.
15The number of jobs added as a result of the increase in theogmpht change is simpB.43 = 1.87% x
130 million jobs.
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VI. Robustness

In this section we explore the robustness of our results tmgés in the econometric
model specifications. In particular, we want to understahether the main results are
robust to the choice of projecting variables for constngthe cash flow uncertainty mea-
sureo;:, the process of constructing the stock of intangible asgslinear assumption
in the panel data models, and the sample size.

We start we the choice of projecting variables. An importstep in constructing;; is
identifying conditional variables that could be infornvatiabout the conditional variance
of cash flow uncertainty. We use the volatility indéX X as our sole projection vari-
able. An alternative to VIX is the policy uncertainty indesoposed by Baker, Bloom,
and Davis (2011). This index captures three aspects ofypaticertainty, namely the fre-
qguency of references to policy-related economic uncdstamthe Google-media catalog,
the number of tax measures set to expire in future years, aallifithe dispersion among
economic forecasters about government spending and Giellpriel.

We replace VIX with this policy uncertainty index and constra new uncertainty mea-
sure using the same exact methodology as we used in comsfrugt. We denote the
new uncertainty measure wittf; 2. Figure 4 plots the time-varying component and the
firm-specific components of 25, Notice that there is tremendous variation over time
in the cross-sectional distribution of firm-specific comeots. In particular, when com-
bining the time-varying component with the time-varyingtdbution of the firm-specific
component we obtain that the time series of the averageslefeigBD can depart sub-
stantially from the time-series of the levels of the timey¥ag component alone (which
is based on BBD’s policy uncertainty index).

Next we then re-estimate the empirical relationships betvemrporate investment/employment
andoZPP using the econometrics models (18) and (19). We considesahe specifi-
cations of these models as the ones in Section |V, Tablesvil We find that when cash

flow uncertainty is measured usirag‘fBD , the relationships between corporate invest-
ment/employment and cash flow uncertainty is still negadive statistically significant.

To illustrate, Table VI reports the estimates of the dynapaicel-data model (19) for cor-
porate investment in both tangible and intangible assetsedss corporate employment.

In each instance of the model and regardless of whether timmerdes are present or not,

the coefficient in front o655 is always negative and statistically significant.

To gauge the economic impact of the negative relationshgie/den corporate invest-
ment/employment and?5P | we use the same hypothetical exercise that we perform in
Section IV. Namely, we compute the change in either corparatestment or corporate
employment as a result of a change in the average levef6f’ from the post-crisis level

of 2009 to a pre-crisis level, such as 2005, 2000, 1995, 00.188ble?? presents the re-
sults. For ease of comparison we also show the results wieerath flow uncertainty is
measured using;;. We notice that the numbers that we obtain are consistenssithe
two panels when the comparison year are 2005, 1995, or 1888pbso much when the

19



comparison year is 2000. This is because the BBD index isvela low during the tech-
nology boom period (1995-2000), while the VIX is relativadlevated during the same
period (the correlation coefficient between VIX and BBD's fholicy uncertainty index
is only 0.4).

We also consider two other candidates for the projectiniplbes used in constructing
oit, namely the news component of the BBD index and the industrgt equity return
volatility. The latter is computed from the equity returmés series of the Fama-French
industry portfolios. In both cases we obtain strong and tegeelationships between cor-
porate investment/employment and cash flow uncertaintgsémesults are not reported
but available upon request.

Next we turn to the construction of the stock of intangiblgital. When measuring in-
vestment in intangible assets we use proxy for the capéidhlend expensed components
of the stock of intangible capital. For instance, in (20) wexy for the capitalized com-
ponent with TA — CA; — PPENT,. This measure is certainly highly correlated with the
stock of capitalized intangible assets, but it is also amimated by other type of assets
such as financial assets (e.g. commodity futures posititm)s Eo address this potential
issue, we consider also an alternative measure of capitbtangible assets which picks
up more carefully these type of intangible assets. This areds the variable INTAN in
Compustat. According to the Compustat definition this \@eaccounts for certain types
of intangible assets which are capitalized when acquirethesof these intangible assets
include patents, client lists, etc. One problem with thigalzle 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¥c. 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 exmarirwith depreciation rates
ranging from 0% to 20%.

We find that our main results are robust to using these atteenameasures for the capi-
talized and expensed components of intangible capitals&d hesults are not reported in
here but are available upon request.

A common specification assumption across our econometriel mata models is their
linearity in the explanatory variables. This assumptiondsnecessarily consistent with
the investment dynamics in many models of the firm, includiag model in Section II.
For instance, in our model, optimal investment in equatitl) epends on the marginal
g in a very non-linear fashion. In our econometric specifwative use Tobin’s Q as a
proxy for marginalg, and we assume that Tobin’s Q affects linearly corporatestment
or employment. To test for the possibility that the intei@ttbetween marginaj and
corporate investment/employment is non-linear we repla®en’s Q with two variables
that are nonlinear in Tobin’s Q, namely the square root ofiTel) and the inverse of
the square-root of Tobin’'s Q. We have also considered otberep coefficients either
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above or below 1. In all cases, we obtain that even when weuatdor a potentially
non-linear relationship between investment/employmeict Bobin’s Q, the relationship
between corporate investment/employment and cash flowtaity is still negative and
strongly significant.

In the process of constructing our measure of uncertaintye typically exclude outlier
observations (bottom 1% or top 99%). It is possible thatdluservations are themselves
informative to some degree. To address this issue we cahstmank-based measure of
cash flow uncertainty and re-run the tests using this new mmeasstead o&;;. We find
that the results do not change significantly.

Finally, our results are robust to different sample periddgarticular, the negative rela-
tionships between corporate investment /employment astu ftawv uncertainty is present
in the sample period 1987-1999 as well as 2000-2011. Thesétseare not reported in
the paper but are available upon request.

VIl. Discussion and Conclusions

An important stylized fact of the U.S. aggregate corporativigy is that corporate in-
vestment declines rapidly in the period leading to an ecaaagatession, but rebounds
equally rapidly in the period following a recession. Fortamce, Figure 3 shows that cor-
porate investment reached pre-recession levels withiry@aBs following the recessions
of 1991 and 2001.

However, the late financial crisis of 2007-2008 challenddd stylized empirical fact,
as corporate investment post-recession grew painfully alod failed to rebound to pre-
recession levels. This observation has puzzled economigp@icy 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 financi@isy 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 bedmfethey 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 invesstropportunities if firms
assign larger conditional variances to future cash flows as@ result, the marginal q of
their investment opportunities declines.

Our argument is rooted in a theoretical framework, but efimtd by the empirical tests
on the U.S. corporate date.

We construct a measure of cash flow uncertainty and showlhtsatteasure is strongly
negatively related to corporate investment in tangible emangible assets as well as
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corporate investment. Furthermore, the impact of the cashihcertainty on corporate
investment and employment activity is significantly strenduring the post-crisis period
of 2008-2011 than during the pre-crisis period of 2004-2@@ding up to the crisis.

These findings have significant policy implications. To wfipolicy makers would like
corporations to increase their investment activity, thegud 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 thesdarenmental and tax reforms
would encourage corporations to invest more and hire mop®mes.
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VIIl.  Appendix

Substituting the optimal demand for labor and the wages b@okthe definition of firm

cash flows we obtain
1—7 10

T =« w, ? + pky. (21)
11—«

Writing this equation fort + 1 and using the optimal investment rule and the capital
dynamics gives the dynamics of firm cash flows in the text, wibe functionH is
defined as follows

0 1—7 0 1o, =1

H(wy,pt) = p9—|—1+a1—0j w, ™ = p(l=7)(1 — ) cwip, *. (22)
To obtain the dynamics of the shadow cost of capitalwe first notice that one can obtain
an equivalent way of characterizing the first order conditid the investment decision
by substituting directly the capital dynamic equation ie thvestors/consumers utility
function and then taking the first derivative with respecttoThis yields

0
Ul(ctalf) = BE; [UI(MH) g;l} ) (23)

whereuw is the indirect utility of the investors/consumers. We natitute in this equa-
tion the Envelope condition

Omy _ Om

after noticing thatg’,;:f = a%; and obtain the dynamics @t in the text, where the

function G is defined as follows

l1—«

l-a 1 1-1
G(wit1, P15 €041) = (L= 7)a(l —a) 7@ [Apt+1]°l*wt+1a +p—(1-6)—e1. (25)
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Figure 1: Cash flow uncertainty measure: For each firm we agtinhe cash flow un-
certainty measure;; as described in equation (17). This measure is the produat of
time-invariant firm-specific componeny/;, and a firm-independent time-varying com-
ponent,/VIX,. The vertical bars in the plot show the distribution (5%, 25%%0, and
95% percentiles) of the firm-specific component over times dbitted line between the 25
and 75-percentiles is the cross-sectional average of firesespecific components. The
continuous line shows the time-varying componeft, I X ;, divided by 100. Finally, the
dashed line shows the cross-sectional average;afthe product of the cross-sectional
average of the firm-specific component and the time-varyomgponent/V I X ;).
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= = =|ntangible stock consists of capitalized intangibles only
Intangible stock consist of capitalized and expensed intangibles

Ratio of intangible stock to tangible stock

0.2 ’ ’
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Figure 2: 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 capitaieegensed intangible capital
is measured as book assets minus current assets, minugpettpr plant and equipment,
and plus the sum of current and past R&D expen3gs, , (1 — 10%)"~*R&D;, ad-
justed for a 10% annual depreciation. The stock of tangibfgtal is measured as net
plant, property and equipment.
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Figure 3: Corporate investment and employment: The ploivshbe cross-sectional av-
erages of employment changEmp;;, corporate investment in tangible asséfayng;:,
and corporate investment in intangible assétstan;;, over time. All time-series are
normalized by their time-series median levels.
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Sample statistics (1987-2011)

Statistic Tangii1y Intangiry Empjpy  97°7  ow MA;;/BA;; CFy/Kiu—1) Cai/BA;x BD;t/BAy

Mean 0.2242 0.1043 0.0506 0.0000 0.0409 1.6339 0.5552 D.950 0.1991

Median 0.1769 0.0791 0.0170 0.0269 0.0309 1.2948 0.3172 870.1 0.1807

Stdev 0.1737 0.2941 0.2094 0.1177 0.0397 1.1079 1.0457 9£2.12 0.1637

Min -0.3561 -0.9999 -0.9998 -0.6206 0.0002 0.2146 -50.2491 0.0000 0.0000

1% 0.0062 -0.7604 -0.4408 -0.5705 0.0020 0.6295 -0.7426 006.0 0.0000

25% 0.1029 -0.0341 -0.0380 0.0165 0.0170 1.0528 0.1455 290.04 0.0545

75% 0.2920 0.2405 0.1020 0.0407 0.0515 1.8115 0.6550 0.80720.3058

99% 0.8437 0.9111 0.8958 0.0889 0.2146 6.1641 4.7248 13.6450.6621

Max 0.9983 0.9999 1.4892 0.4159 0.6547 24.9554 9.9999 89.96 0.9510
Sample correlation coefficients (1987-2011)

Variable Tangiit1y Intanigery Empigpny  97°7  ow MA;;/BA;; CF;/K;u—1) Cay/BA;  BDj/BA;

Tang;(i41) 1.0000

Intan,q,,, 0.1468 1.0000

Empye1y  0.2937 0.2480 1.0000

gerr 0.1169 0.0559 0.0797 1.0000

it 0.1257 -0.0023 -0.0064 -0.0034 1.0000

MA;;/BA;; 0.2921 0.1656 0.1665 0.0734 0.2093 1.0000

CFit/Ki(t—l) 0.3569 0.1126 0.1226 0.0296 0.1314 0.3253 1.0000

Ca;/BA;; 0.3000 0.0962 0.0738 0.0208 0.1091 0.2195 0.5689 1.0000

BD;:/BA; -0.2867 -0.1420 -0.0829 0.0218 -0.1780 -0.2703 -0.2725 2998 1.0000

Table I: This table reports sample statistics and cormiatbefficients between variables used in our empiricayamall'ang; ;1)

is investment in tangible assets and is measured as thefaapital expenditures at tintet- 1 to capital stock at time. Intan;,1)

is investment in intangible assets and is measured as tbeofdhe change in the stock of intangible capital betweandt + 1 to
the stock of intangible capital at tinte The construction of the stock of intangible capital is didee in Section IV.AEmp; 1)

is employment change is measured as the ratio of the charipe imumber of employees betwetandt + 1 to the number of
employees at time. ¢&P* is the annual real GDP growth; is our measure of cash flow uncertainty, MABA,; is the ratio of
market assets to book assets;;fBA ;; is the ratio of cash to book assets,igKi(t_l) is the ratio of cash flows to capital stock, and
BD,;/BA; is the ratio of book debt to book assets.



Dependent variablel'ang; ;1) = Investment in tangible assets betweemd? + 1
Sample period: 1987-2011 using all COMPUSTAT firms

Independent
variables I Il 1] v Vv VI
Tang; - - 0.258**  0.268**  0.263**  0.259
- - (16.83) (17.24) (17.21) (2.54)
gebr 0.676™*  0.211* 0.547**  0.235 0.529**  0.27r
(10.90) (2.83) (9.87) (2.10) (9.63) (2.40)
Ot -0.927* -0.587* -0.880** -0.813* -0.740"* -0.540

(-6.11)  (-3.23)  (-5.61)  (-2.82)  (-5.59)  (-2.51)

MA;/BA;  0.032** 0.031"* 0.027** 0.028" 0.029**  0.029
(8.00) (7.63)  (5.36) (5.15) (5.83) (1.48)

CFi/Kip_1y 0034 0.032* 0023 0026* 0025 0.028*
(10.37)  (10.12)  (3.92) (4.10) (3.97) (4.27)

Cay/BAy 0.007**  0.009** 0.009** 0.01F** 0.010**  0.011*
(6.90) (8.45) (3.40) (3.60) (3.52) (2.82)
BD;/BAy -0.165** -0.171** -0.135** -0.11F*  -0.140°* -0.112

(-12.47) (-12.83) (-3.83) (-2.90) (-5.59) (-0.31)
Sargan test of overidentifying moment restrictions

Test - - 2(1102)  x2(887)  x2(1048) x2(905)

Value - - 1222.6**  990.8** 1167.0**  1004.9*
Tests of joint significance of independent variables

Test F(6,59) F(28,59) x*(7) x2(29) X2(7) xX2(29)

Value 103.0**  95.5%** 965.2**  1202.2** 1009.4** 1097.3**

Time dummies No Yes No Yes No Yes

No. Obs. 25120 25120 21402 21402 21402 21402

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

Table II: This table reports the relationship betwdemestment in tangible assets
Tang;+1), Mmeasured as the ratio of capital expenditures betwesrdt + 1 to capi-
tal stock at timet, and the cash flow uncertainty measurg, Columns | and Il report
the results from panel-data regressions, with or w/o tikedfieffects. Column Ill and IV
report the results from dynamic panel-data models, with far tme dummies, and as-
sume that;; is exogenous while the rest of the variables are endogei@miamn V and
VI report the results from dynamic panel-data models, withvé time dummies, and
assume that all variables, includimg;, are endogenous. All specifications include the
following additional explanatory variablegs’”F, MA;; /BA;, Ca¢/BAit, CFit/K;;—1),
and BD;/BA;;. These variables are defined in Table I. In addition, all Sjpations
include firm-fixed effects, and errors are clustered by itrgufkeported coefficients are
estimated via GMM using the method in Arellano and Bond (39%or all columns,

robust t-statistics are reported in parentheses.
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Dependent variablefntan; 1) = Investment in intangible assets betwegemdt + 1

Sample period: 1987-2011 using all COMPUSTAT firms

Independent
variables I Il 1] v \Y, VI
Intang - - 0.075** 0.080* 0.077** 0.078**
- - (5.13) (5.30) (5.31) (5.26)
gebr 0.557**  -0.237 0.264 -0.449 0.301 -0.627
(4.25) (-1.66) (1.76) (-1.18) (1.98) (-1.61)
Ot -1.268** -1.03r -1.1658* -1.625*  -1.141¥* -1.047
(-4.92) (-2.53) (-2.87) (-2.65) (-2.97) (-2.04)
MA;;/BA; 0.028**  0.028**  0.024 0.020 0.025 0.019
(5.04) (4.82) (2.39) (1.96) (2.53) (1.84)
CFit/Kjt-1) 0.012* 0.011* -0.032  -0.006 -0.034  0.007
(2.90) (3.14) (-2.13) (-0.35) (-2.19) (0.38)
Cay/BA; 0.003 0.007*  -0.003 -0.003 -0.000 0.006
(1.81) (4.79) (-0.28) (-0.31) (-0.31) (0.52)
BD;:/BA -0.175*  -0.192** 0.035 -0.001 0.057 -0.019
(-6.01) (-6.97) (0.30) (-0.01) (0.51) (-0.13)

Sargan test of overidentifying moment restrictions

Test - - 2(534)  x2(463)  x%(522) x2(428)

Value - - 593.8* 521.5* 581.9* 478.6
Test of joint significance of independent variables

Test F(6,59) F(27,59) x*(7) x> (26) X2(7) x2(26)

Value 33.18*  40.28** 61.63** 120.56** 68.2**  135.22**

Time dummies
No. Obs.

No Yes No Yes No Yes
19348 19348 14069 14069 14069 14069

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

Table lll: This table reports the relationship betwéesvestment in intangible assets
Intan;41), measured as the ratio of the change in the stock of intangépital between
t andt + 1 to the stock of intangible capital at time and the cash flow uncertainty
measureg;;. Columns | and Il report the results from panel-data redpess with or
w/o time-fixed effects. Column Ill and IV report the resultserh dynamic panel-data
models, with or w/o time dummies, and assume thats exogenous while the rest of
the variables are endogenous. Column V and VI report thdtselsam dynamic panel-
data models, with or w/o time dummies, and assume that akblas, includingo;;,
are endogenous. All specifications include the followinditidnal explanatory variables:
9P MA;/BA;, Cay/BA, CFyt /K, (;—1), and BD;/BA;;. These variables are defined
in Table I. In addition, all specifications include firm-fixeflects, and errors are clustered
by industry. Reported coefficients are estimated via GMMgishe method in Arellano
and Bond (1991). For all columns, robust t-statistics apemed in parentheses.
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Dependent variablelZmp; ;1) = Growth in number of employees betweeand? + 1
Sample period: 1987-2011 using all COMPUSTAT firms

Independent

variables I Il 1] v Y, VI

Empy - - 0.076**  0.072**  0.074** 0.075**
- - (5.31) (5.11) (5.16) (5.29)

gebr 0.713*  -0.029 0.739*  -0.119 0.839* -0.156
(8.65) (-0.23) (7.49) (-0.51) (8.71) (-0.70)

Oit -1.20**  -0.967* -1.171r* -0.738 -0.994**  -0.614
(-5.61) (-3.33) (-5.33) (-2.29) (-4.90) (-2.48)

MA;;/BA; 0.028**  0.028*  0.028**  0.005 0.024*  0.006
(6.95) (6.93) (3.90) (0.23) (3.90) (0.96)

CFit/Kjt-1) 0.018** 0.016* -0.007 -0.000 -0.008 -0.009
(4.67) (4.58) (-0.76) (-0.07) (-0.89) (-1.11)

Cay/BA; 0.002 0.004 -0.004 0.004 -0.005 0.002
(1.09) (2.24) (-0.84) (0.69) (-0.96) (0.38)

BD;:/BA -0.147* -0.153** -0.000 -0.112 -0.023 -0.134
(-6.62) (-7.29) (-0.01) (-0.51) (-0.32) (-1.76)

Sargan test of overidentifying moment restrictions

Test - - Y2(723)  x2(601)  x3(848)  x%(611)

Value - - 820.8** 659.9* 966.1** 670.6*
Tests of joint significance of independent variables

Test F(6,59) F(27,59) x*(7) X2 (28) X2 (7) 2 (28)

Value 46.94**  48.18**  270.90™* 424.45* 272.9**  431.9*

Time dummies No Yes No Yes No Yes

No. Obs. 21828 21828 18006 18006 18006 18006

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

Table IV: This table reports the relationship betweenployment change Emp; 1),
measured as the ratio of the change in the number of emplbpdesent andt + 1 to the
number of employees at tintieand the cash flow uncertainty measurg, Columns | and
Il report the results from panel-data regressions, with far time-fixed effects. Column
Il and IV report the results from dynamic panel-data mogeish or w/o time dummies,
and assume that; is exogenous while the rest of the variables are endoger@nlamn
V and VI report the results from dynamic panel-data modei) ar w/o time dummies,

and assume that all variables, including, are endogenous. All specifications include the

following additional explanatory variablegy’”F, MA;; /BA;, Ca¢/BAit, CFit/K;;—1),
and BD;/BA;;. These variables are defined in Table I. In addition, all Sjpations
include firm-fixed effects, and errors are clustered by itrgufkeported coefficients are
estimated via GMM using the method in Arellano and Bond (39%or all columns,
robust t-statistics are reported in parentheses.
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ve

Dependent variable; ;. 1)

Tangi+1) Intan;qy1) Emp;t1)

Model: 0] () (1 () (1 (1 0] (1 (1

gerr 0.431**  0.307* 0.334**  -0.049 -0.539 -0.714  0.552**  0.453 0.453*
(5.46) (2.96) (3.24) (-0.22) (-1.72) (-2.18) (3.61) (2.54) (2.60)

oit * 1yog—113 -0.050**  -0.056**  -0.057** -0.160** -0.156** -0.161** -0.090"* -0.103** -0.099**
(-3.43) (-3.98) (-4.29) (-4.81) (-4.00) (-3.99) (-4.53) 504 (-4.93)

oit * 1joa—o7y -0.038*  -0.043** -0.049** -0.135** -0.126** -0.144** -0.08r** -0.087** -0.083"*
(-2.71) (-3.24) (-4.04) (-3.81) (-3.66) (-3.88) (-3.74) 4.60) (-4.36)

MA;;/BA; 0.040**  0.025 0.038" 0.038 0.077 0.105**  0.035**  0.049* 0.049*
(6.86) (1.76) (2.99) (2.26) (2.29) (3.23) (4.58) (2.89) 8.

CFit/K;4—1)  0.018™  0.001 0.000 0.000 -0.035 -0.017 0.005 -0.014 -0.015
(5.61) (0.16) (0.09) (0.06) (-1.84) (-0.78) (2.09) (-1.80) (-1.91)

Cait/BAit 0.013**  0.021** 0.019* 0.006 0.010 0.016 0.003 0.001 0.002
(7.17) (3.32) (3.02) (1.84) (0.60) (0.88) (1.49) (0.21) 3.

BD:/BA -0.146**  -0.415** -0.363* -0.322** -0.016 0.152 -0.126  -0.229 -0.234
(-4.50) (-3.19) (-2.88) (-4.21) (-0.05) (0.45) (-2.33) 29) (-1.54)

Xt - 0.240** 0.246™* - 0.005 0.004 - -0.013 -0.015
- (7.10) (7.19) - (0.18) (0.11) - (-0.42) (-0.46)

Tests of whether the coefficients @f; x 11os_113 andoy; * 1(04_o7} are equal
Test F(1,58) x*(1) x*(1) F(1,58) x*(1) X*(1) F(1,58)  x*(1) x*(1)
Value 16.19**  7.73* 3.08 0.85 2.93 1.42 2.14 6.86 7.01*
Sargan test of overidentifying moment restrictions
Test - x2(160)  x%(167) - Y2(150)  x%(135) - x2(230)  x?(238)
Value - 195.3 205.3 - 172.4 157.3 - 301:1* 309.9**
Tests of joint significance of independent variables

Test F(7.58) X*(8) X*(8) F(7.58)  x*(8) X*(8) F(7,58)  x*(8) X*(8)

Value 87.58*  397.37** 354.2**  24.99*  37.79*  44.08*  31.08**  149.57* 143.2**

No. Obs. 7378 5588 5588 4675 3052 3052 5698 4097 4097

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

Table V: This table reports the relationship between invest, z;;,), and the cash flow uncertainty measusg, around the
financial crisis of 2007. Columns I, II, and IIl for each typkilovestment report the results from the panel regressiodatdhe
dynamic panel model with exogenoug, and the dynamic panel data model with endogengusrespectively. We focus on the
subsamples 2004-2007 and 2008-2011 around the cusiss replaced by two variables;;1p4_q7y anda;1{0s—113 Which are
each normalized to have unit variance over the correspgralibsamples. The rest of the variables are defined as in Table
estimation is performed in the same manner as describediasH- IV.
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Figure 4: Cash flow uncertainty measure: For each firm we agtinhe cash flow un-
certainty measureZ5P as described in equation (17). This measure is the produet of
time-invariant firm- specific componeny7;, and a firm-independent time-varying com-
ponent,/ BBD,, whereB B D; is the policy uncertainty index of Baker, Bloom and Davis
(2011). The vertical bars in the plot show the distributi®fo( 25%, 75%, and 95% per-
centiles) of the firm-specific component over time. The dbtiee between the 25 and
75-percentiles is the cross-sectional average of thesesfignific components. The con-
tinuous line shows the time-varying componegtB B D;, divided by 100. Finally, the
dashed line shows the cross-sectional average;aofthe product of the cross-sectional
average of the firm-specific component and the time-varyorgponent/ BB D).
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Independent Dependent variahig; , )

variables Tang;4+1) Intan;g4q) Emp;41)

gePr 0.608**  0.412** 0.121 0.029 0.319* -0.255
(11.53) (4.08) (0.91) (0.11) (3.97) (-1.59)

oBBD -0.304**  -0.19r -0.302  -0.285%  -0.475** -0.493**
(-4.26) (-2.06) (-2.21) (-2.03) (-3.84) (-3.34)

MA;;/BA; 0.022**  0.019**  0.020* 0.011 0.042~*  0.027**

(5.02) (4.27)  (2.84)  (1.89)  (7.17)  (6.75)

CFi/Kiq_;y ~ 0.010*  0.009*  0.004 0002 0007  0.004
(4.03) (330)  (0.70)  (0.62) (2.14) (1.72)

Cay/BAi 0.016** 0.015*  0.004 0.014*  0.008  0.01F*
(6.32) (552)  (0.83)  (3.97) (2.44) (3.79)

BD;:/BA;: -0.170**  -0.112*  0.162 0.018 0.037 -0.083
(-4.87)  (-3.04)  (1.85)  (0.19) (0.60)  (-1.49)

Tit 0.249**  0.250°* 0.071"* 0.052**  0.029 0.011

(19.76) (19.55) (5.29) (4.13) (2.28) (0.88)
Sargan test of overidentifying moment restrictions

Test 2(1102)  x3(832)  x2(534) x2(1129) x*(723) x*(1129)

Value 1268.7*** 948.8** 694.9**  1258.9** 939*** 1235.7
Tests of joint significance of independent variables

Test (M) xXP29) (M XP25 P XP(28)

Value 1410.7* 1727.3** 73.5**  185.4** 276.68™* 603.8**

Time dummies No Yes No Yes No Yes

No. Obs. 35207 35207 21689 21689 24539 24539

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

Table VI: This table reports the relationship between itwesit, z;, 1), and the alter-
native cash flow uncertainty measuee; ?P. This measure of cash flow uncertainty is
constructed using the policy uncertainty index of Bakepdsh and Davis (2011). For
each type of investment, columns '(I)’ and '(ll)’ report thesults from a dynamic panel
data model with or w/o time-fixed effects, whes¢’B? is assumed exogenous while
the rest of the variables are assumed endogenous. All spitifis include the follow-
ing additional explanatory variablegZ””, MA;;/BA;;, Ca¢/BA;:, CFit/K;;_1), and
BD,;/BA;;. These variables are defined in Table I. In addition, all $jpations include
firm-fixed effects, and errors are clustered by industry. driegl coefficients are esti-
mated via GMM using the method in Arellano and Bond (1991Y. dflocolumns, robust
t-statistics are reported in parentheses.
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Li(t+1)
Year Tang;41) Intan;qqq) Emp;41) Emp;41y(Million Jobs)

Panel A: Change im;, ;1) wheno;; changes

2009 0% 0% 0% 0

2005 1.4% 1.86% 1.87% 2.43
2000 0.35% 0.46% 0.47% 0.61
1995 1.37% 1.81% 1.82% 2.37
1990 0.53% 0.70% 0.71% 0.92

Panel B: Change im;(; 1) whenoZ52 changes

2009 0% 0% 0% 0

2005 1.33% 1.32% 2.07% 2.69
2000 1.33% 1.32% 2.07% 2.69
1995 1.28% 1.27% 2.01% 2.61
1990 0.67% 0.66% 1.05% 1.36

Table VII: This table reports the changes in the averagesinvent and employment
measures as average uncertainty changes from the levedtt@@he levels in one of the
following comparison years: 2005, 2000, 1995, and 1990 s@& lestimates are computed
as product between the coefficient in front of the cash flowettainty measure - column

lll in Tables II- IV and columns 1, 3, and 5 in Table VI - and theange in the average
cash flow uncertainty between the levels in 2009 and the levehe of the comparison
years, under the assumption that the distribution of firee#je coefficients of 2009 re-
mains unchanged for the comparison year. Panel A agegs a measure of cash flow
uncertainty, while Panel B use$; . This latter measure is based on Baker, Bloom and
Davis(2011)’s policy uncertainty index.
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