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Abstract

My dissertation examines how financing frictions affect &tmtynamics. In particular,

| incorporate financing constraints into a neoclassicastment framework augmented
with aggregate and idiosyncratic uncertainty and exogestachastic discount factor.
Financing constraints are defined as collateral and diddmmstraints. Specifically,
firms’ only source of external finance is debt secured by t@lateral assets.

The first essay, "Effects of Financing Constraints on InvesttiiCash Flow Sensi-
tivities in a Dynamic Framework,” studies how financing fienis affect the relationship
between corporate investment and internal funds. | demateshat the model is suffi-
cient to replicate the major empirical evidence on the imfbgeof financial constraints
on corporate investment. On the one hand, supporting Hatkasbard and Peterson
(1988)'s argument, given a cash flow innovation, firms thaefaght financing con-
straints have high propensities to invest and low propiesdit pay dividends, because
they invest not only to utilize the profitable investment oppnities but also to relax
financing constraints they face. On the other hand, as a yynamic feature of the
model, firms that face tight financing constraints don’t exdtall their credit lines in
the anticipation of future bad contingencies. Contrary tplga and Zingales (1997)'s
argument, the model illustrates that existence of unetlizredit lines is compatible
with the presence of financing constraints. As a result, tbdehcan reproduce quan-
titatively the empirical evidences of Fazzari, Hubbard Beterson (1988) and Kaplan
and Zingales (1997), and reconciles the controversy betwesm.

The second essay, "Effects of Financing Constraints on C3estion of Stock Re-



turns,” investigates the extent to which financing constsagxplain documented cross-
sectional variation in risk and expected returns. | show, t@nsistent with Fama and
French (1995) and Chan and Chen (1991), the value and sizeymsnaire rewards

for systematic risk. Due to financing constraints, value siand small firms are dom-
inantly composed of financially distressed firms with low ita@lpcapacity and/or ex-

cessive leverage. Given that these financially distress®ad fienefit during economic
expansions and suffer during economic downturns, the highsure to systematic risk

leads to high risk premiums.
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Chapter 1

Effects of Financing Constraints on
Investment-Cash Flow Sensitivities in a

Dynamic Framework

1.1 Introduction

A growing body of research argues that changes in either nghver internal funds
will affect firms’ investment behaviors if capital markete amperfect. One of the most
pronounced capital market imperfections is financing ifvitd. Fazzari, Hubbard and
Peterson (1988) propose that because of external finangatigris, a firm’s optimal
investment level depends both on the availability of inwesit opportunities and on
the availability of internal funds. Starting with Fazzatliubbard and Peterson (1988),
several studies examine the influence of financing frictmmsorporate investment by
looking at the empirical sensitivity of investment to chaagn cash flow, but they have
conflicting results. Fazzari et al. document excess seitgitif investment to cash flow
for firms that pay low dividends, and suggest that investsiantertaken by firms that
are more likely to face financing constraints are more seasi their cash flows. Fol-

lowing Fazzari, Hubbard and Peterson (1988), Hoshi, Kgshya Scharfstein (1991),



Fazzari and Peterson (1993), Calomiris and Hubbard (1991t and Himmelberg
(1996, 1998), and several others subsequently supporrzdifaHubbard and Peterson
(1988)’s findings. However, Kaplan and Zingales (1997) fimdience that firms with
unutilized credit lines exhibit higher investment-casflgensitivity than firms with-
out any available credit line and interpret this result adevwce that firms that appear
less financially constrained exhibit greater investmexsthdlow sensitivities.

Despite the popularity and significance of this literatlitde attention is given to
the theoretical foundations. | develop a theory that is ceffit to replicate the empiri-
cal evidence on the influence of financial constraints ona@ate investment. Specifi-
cally, I incorporate the financing constraints into a nessileal investment model with
aggregate and idiosyncratic uncertainty. Despite the comapproach of formaliz-
ing financial constraint as cost constraints, in this thesis assumed that financially
constrained firms face quantity constraints instead of cosstraints. The quantity
constraints come into play when borrowers restrict debetsdrured by collateral. In
this setting, potential borrows cannot borrow more tharr tb@lateral value even if
they are willing to pay more than the market interest rate.

The main reason for quantity constraint assumption is trexetis an extensive lit-
erature supporting the relevance of quantity constraimigigcally and theoretically.
A large credit rationing literature, starting with JaffeedaRussel (1976), Greenwald,
Stiglitz and Weiss (1984), and Stiglitz and Weiss (1981ppsuted by empirical liter-
ature by Kashyap, Stein, and Wilcox (1993), Kashyap, Lanamak Stein (1994) and
Petersen and Rajan (1994, 1995), suggest that unavailaifikxternal funds is more
relevant than the higher cost of external funds in limitirg8’ investments. Further-
more, as Kaplan and Zingales (1997) show, investment-cashifhplications of a
model with costly external financing depend on the specifaperties of production
and cost functions since in equilibrium the slope of marowst of external funds
should be equal to the slope of marginal productivity of gtagent. In a quantity con-

straint framework, however, capital demand and capitaplsuare not equal in equi-



librium and therefore implications of the model do not dep@m the sophisticated
assumptions about marginal productivity and marginal figsttions. Another advan-
tage of the quantity constraint is the endogeneity of thenfimy constraint. Since
firms with higher collateral are able to borrow more, they oasest more into assets
that will serve as collateral and as a result their abilitipdorow will be even higher. In
other words, the endogeneity of financing constraints caplignthe effect of a cash
flow innovation on investment spending. The dynamic refesiop between investment
and borrowing constraint, which is called the "credit nllgr effect” by Kiyotaki and
Moore (1997), cannot be directly captured by a cost comgtie@mework. Finally, the
secured debt assumption simplifies the numerical solutidheomodel considerably;
it is not needed to solve for the interest rate since the seladebt assumption implies
risk-free debt.

To investigate how financial frictions affect firms’ behawpl develop a partial
equilibrium model where heterogeneous firms make rationahfiing and investment
decisions in a dynamic framework under aggregate and idmayic uncertainty. All
firms have access to the same decreasing return to scal®kegifor a single homo-
geneous good and their capital structures change over himgsponse to idiosyncratic
shocks. A firm’s investment policy is determined by the faflog trade off: a higher
investment rate translates into higher expected profitshagiter borrowing capacity,
which can increase the investment rate even further, bisiatiadicates higher expected
volatility of profits. In a dynamic framework with a concavalwe function, firms’ op-
timal debt policy and investment policy are determined leytthde off between higher
profits and higher volatility.

Firm financing and investment decisions produced by the if@le important im-
plications for the cash flow sensitivity of investment unfleancial constraints. First
of all, the model presented is able to reproduce the mainrgapevidence on the in-
fluence of financial constraints on corporate investmentd tihat firms with low cash

flows take on more debt, invest more and pay fewer dividendggeheral, low cash



flow firms are small firms without any cash savings. Low cash flaws borrow more
than high cash flow firms and use the proceeds to increaserhestment rate both to
relax the financing constraints they face and to utilize flgbér return associated with
small size, independently of their future profitability. éde findings support Fazzari,
Hubbard and Peterson (1988)’s argument about the infludrizeacial constraints on
corporate investment and they are consistent with the étapavidence presented by
Fazzari, Hubbard and Peterson (1988), Gilchrist and Hirhergl(1995) and Allayan-
nis and Mozumdar (2001) on the excess sensitivity of higblystrained firms.

In addition to replicating the major empirical evidences thodel resolves the de-
bate about financing constraints. The model suggests thabfoe firms the existence
of unutilized lines of credit is compatible with the preseraf financing constraints.
The logic behind this result is as follows. As well as curreohstraints, future ex-
pected financing constraints have considerable impactsnvastiment and financing
decisions. If forward looking firms expect to face financirapstraints in the future,
they will partially protect themselves with buffer stockiscash or unused debt capac-
ity. As a buffer against cash flow variation firms may find it tceective, relative to
asset liquidation, to maintain reserves of liquid assetshis respect, the model is the
consistent with the Myers and Mafluj (1984) for which finamciconstraints induce
precautionary cash savings. The excess liquidity induggatécautionary motives im-
plies that in a dynamic framework, a firm may be able to investerat the margin at
a moment in time and be financially constrained at the same tiFhis feature of the
model reconciles the controversy between Fazzari, HubdvaddPeterson and Kaplan
and Zingales by showing that unused debt capacity is not d gmasure of degree of
financial constraints.

Although the model supports the argument that cash flows igwnéficant impact
on firms’ investments, its predictions are inconsistenhwiitancial accelerator litera-
ture like Bernanke, Gertler, and Gilchrist (1996) and Oliaed Rudebusch (1996) that

suggest stronger cash flow effects on investment after ggenbtight money. Rather,



the model predicts lower investment-cash flow sensitivitsirty economic downturns.
While Bernanke, Gertler, and Gilchrist also modeled financiogstraints as endoge-
nous borrowing capacity, their one period model ignoresdhtures that stem from the
dynamic framework like precautionary motives and change®ntinuation value of a
firm due to counter-cyclical price of risk and persistencyajductivity shocks. The
main ideas of my model are as follows. Given that the borrgvaiapacity is inversely
related to liquidation value, following an adverse aggtegahock, firms experience
a reduced access to credit, which is consistent with the rezapevidence provided
by Kashyap, Stein, Wilcox (1993) and Bernanke, Gertler, aitch@st (1996). In my
analysis, tighter credit conditions and persistency ofatoeluctivity shocks force firms
to maintain excess liquidity to meet future bad contingescin the meantime, adverse
aggregate shocks reduce investment demand through loagugdivity and expected
continuation value through counter-cyclical discounésatBesides, lower investment
demand and lower continuation value increase the valuevadetid payments. Over-
all, constrained firms borrow less, invest less and make rdimidend payments in
bad states of the economy and the lower productivity, loveettiouation value and
stronger precautionary motives dampen the cash flow satsiif investment during
an economic downturn. In good states of the economy, howkrancing and invest-
ment policies of the constrained firms are pretty differdfigher productivity, lower
discount rates and relaxed financing constraints stimblgteer borrowing and invest-
ment rates and lower dividend rates. Given that firms useaarportion of cash flows
to finance investment and investment increases furthengfradditional debt, the cash
flow sensitivity of investment magnifies under a good aggeeghock.

Finally, the model has some implications on corporate tlidqui Using the approach
adopted by Almeida, Campello and Weisbach (2005), | measumésfpropensity to
save cash out of cash inflows. As Almeida, Campello and Welsbaggest cash flow
sensitivity of cash is an important measure of the signifieaof financial constraints.

In my model, precautionary motives promote cash holdings bsffer against future



contingencies when a constrained firm starts a period wisiitige slack or zero debt.
In overall, model entails positive cash flow sensitivity asb. More than ever, during
recession lower internal funds, lower propensity to inees&t persistency of aggregate
shocks induce stronger precautionary motives. The outadritee model is consistent
with the empirical evidence of Almeida et al., and providddiaonal support on the
relationship between financial constraints and firm dynamic

This chapter is largely an extension of the work of Aimeidd &ampello (2004)
that use an endogenous collateral constraint in a simplgened framework, which
does not capture dynamic behavior of firms’ investment pesic To capture the dy-
namic effects, | integrate the same financing constraint me@classical investment
framework with time-varying price of risk as well as aggriegand idiosyncratic un-
certainty.

Moyen (2005) also adopts a similar finance framework to erantihe cash flow
sensitivity controversy. In support of KZ, Moyen (2005) firthat high cash flow firms
have investment policies that are more sensitive than Ik faw firms. The main
difference of the theoretical model of Moyen (2005) is tharfalation of financing
constraints. In Moyen’s model, constrained firms cannohgkaheir debt policy; they
cannot issue or retire new debt. Additionally, Moyen assuthat future discount rates
are fixed. My model, on the other hand, illustrates that acting for counter-cyclical
discount rates and debt financing constrained by collatatak increase the cash flow
sensitivity of a constrained firm substantially.

Gomes (2001) is another paper that studies theoreticalgffiect of financing con-
straints on cash-flow sensitivity of investment in an enwinent where heterogeneity
and financial decisions are central to understanding firm&stment behavior. Using
an industry equilibrium model Gomes shows that financirgiims are not sufficient to
generate significant coefficients on cash flow. The key diffees between my model
and that of Gomes are that I: 1) formulated financial consti@s endogenous quantity

constraint instead of cost constraint; 2) allow the corponato save; and 3) incorpo-



rate aggregate uncertainty. In my model, the endogenefipaficing constraint gives
rise to the credit multiplier effect that improves the inweent-cash flow sensitivity
of the constrained firm. On top, the aggregate uncertaindyisneffect on discount
rates increase the cash flow sensitivities even further.r@dicting Gomes’s results, in
the current model, financing frictions are sufficient to getes significant coefficients
on cash flow. Gomes objects to the common practice of measiumestment-cash
flow sensitivities and argues that cash flows contain inféienaabout the relationship
between real investment demand and future investment tpptes. However, the in-
ferences of this chapter is not likely to be driven by suches Bince the importance of
financing constraints on firm dynamics are fortified by thehdéswv sensitivity of cash
test which use a financial variable as an endogenous vaaahidpposed to a real vari-
able. For unconstrained firms, changes in cash holdingdéhotidepend on current
cash flows or on future investment opportunities so thereiseason to ascribe that
significant coefficient of cash flow variable to its abilityftwecast investment demand.
The remainder of the first chapter is organized as followsti&e 1.2 describes the
model. Section 1.3 discusses the calibration and the sironlmethodology. Section
1.4 presents the quantitative properties, and Sectionrégepts the empirical impli-
cations of the model. Finally, Section 1.6 concludes. Treedption of the numerical
method that is used to solve for the value function and theyalles of the firm and

tables and figures are attached in appendix.

1.2 Model

In this section, | describe my version of the neoclassicatstment model studied.
Time is discrete and the horizon is infinite. The industryapgated with continuum
of competitive firms that produce a homogeneous producsuras the price of capital

is one and competitive firms take this price as given. Firnve la@cess to the following



production technology for converting capitilnto outputy;:

yi = €72k, (1.1)

where O< a < 1, andx, andz are the aggregate and idiosyncratic productivity shocks
at time t, respectively. Each firm experiences a differeiusighcratic shock and this
results in heterogeneity between firms. Batlandz follow stationary autoregressive

stochastic processes;

Zu1 = PoZ + 026, (1.3)
wheree) ; ande,, are 11D standard normal shocks for all ©, px andp, are persistence

measuresy™ ando? are conditional volatilities an# is average productivity level.
Since my focus is on the implications of collateral consiran production side of
the economy, following Berk, Green and Naik (1999) and Zh20§%), | parameterize
directly the pricing kernel that is necessary in the vatratf future cash flows, without
explicitly modeling the consumer’s problem. In this segtithe pricing kernel can be
considered as the marginal rate of substitution of a reptaee agent. Specifically, |

assume

logMy,1 = 1098 + (X — %+1) (1.4)

Yt = Yo+ y1(% — X), (1.5)

where My, ; denotes the stochastic discount factor from time t to t+1ndg > 0,

vo > 0, andy; < 0 are constant parameters. The price of risk is time varymd) a
negativey; ensures thay, is decreasing with demeaned aggregate productivity shock.
The counter-cyclical price of risk generated by the modellmamotivated by the time-
varying risk aversion implied by the external habit modelCampbell and Cochrane

(1999).



At the beginning of period t, a typical firm decides whethecontinue activity or
to liquidate after observing productivity shocksandz. If it chooses to continue, it
commences production with the given level of capital, itgpaynonnegative fixed pro-
duction cost,f, and it pays down its current debt. Next, it decides how muodhwvest,
how to finance the investment (internal or external fundsy laow large a dividend
to pay to its shareholders. The funds required to obtaineksibcapitalk,; for next

period, given the current stock kg will be represented by the investment functign,
it = kpr — (1 - Ok, 6€[0,1] (1.6)

wheres is the depreciation rate of capital. When the firm is finangiaéalthy, there is
an adjustment coshyi;, k), which is a quadratic and symmetric function of the invest-
ment and capital level.
Nl k) = 5% (L.7)

Financial markets are imperfect in the model. Equity finegas not available in
the model. There are only three potential sources of fundsent cash flow, inter-
nal savings and external borrowing. Firms are constrairethé® amount of external
funds available for borrowing. Lenders impose a collateosistraint requiring that the
debt service is less than the liquidation value of the firm.aAssult of this collateral
constraint, any firm can borrow or lend only at the currentketrisk free rate;. Bor-
rowing is one period debt but it can also be considered astiemg debt with a floating
rate. Each period the firm decides whether to issue morelggbt by, to retire debt,
b1 < by, or to roll over the existing delt,; = b, at current interest rate. In the
presence of financing constraints, firms may want to retamesof their internal funds
as cash. To accommodate such policies, the state variablallmied to be negative.
Since negative debt can be considered as lending in the matlehb, andb,,; are
negative, the previous inequalities in absolute valuesyinmgreasing, decreasing and

rolling over the existing cash savings, respectively.



In any given period, investment spending,debt servicep(1 + ry_;), dividends
paid to equity holdersg;, as well as adjustment cosi(i;, k), and fixed production
cost, f, can be financed by internal cash flows,and one period debit,;. A firm is
liquidated if it doesn’t have enough funds to pay the fixed,cbs Given the optimal
decision rules in the continuation case, if the followinggunality holds then the firm

chooses to liquidate since it will fail to pay the fixed costase of production.
Ye =it = B(1 + riea) + bya — h(in k) < f (1.8)

When the firm is liquidated, its assets are sold, the debt paymemade and any
residual left is distributed as dividends.
If the value of the firm at time tis denoted g, b, X, z) then the dynamic problem

facing is :

V(ki, b, X, ) = (X e ¥ Abgy = rab — L,,<bfx — it — h(in k) — £+ (1.9)

+1,Mt+1,

ff Mt+1V(kt+1a bt+1, Xi+1, Zt+1) X Q(dXt+1/Xt) X Q(dzt+1/zt),

subject to
dk = Yt + Abrg — reaby — 1p.,<0)bfpx — it — h(in k) — f (1.10)
Abg = by — by (1.11)
(1 +robrs < kiya(1-0) (1.12)
d >0 (1.13)

whereQ(x.1/%), andQ(z,1/z) are Markov transition matrixes of aggregate shock x
and idiosyncratic shock z as defined above gnd the cost of holding cash. The
cost can be viewed as a tax disadvantage since corporatenaxally exceeds the tax

on interest income or as an agency cost since managers n&y fuinds from value-

10



maximizing activities. A convex cost structure ensures B-defined firm problem.

The collateral constraint is modeled in the form of limitdddgeability of assets
using Hart and Moore’s (1994) inalienability of human cajpétssumption. The produc-
tion technology requires not only physical investment, dgb entrepreneur’s human
capital as inputs. Because of inalienability of human cépiitee entrepreneur cannot
credibly commit her input to the production process. Conseatly, as Hart and Moore
(1994) show, the entrepreneur faces credit constraintsisnsetting; he can only bor-
row up to the expected value of the firm in liquidation. Thipeyof constraint is also
studied by the influential papers Kiyotaki and Moore (1997 &€ooley and Quadrini
(2001).

The dividend non-negativity constraint derives from theumsption that equity
financing is not available in the model. | imposed a dividemh-negativity con-
straint like many recent studies (e.g., Moyen (2005), Sa@nd Zhang (2004), Whited
(1992)) to be able to focus on the impacts of collateral gangt Without the non-
negativity constraint, when a firm needs additional fundslitpay a negative dividend,
which is equivalent to costless equity financing and theatethl constraint would not
have any impact on firm’s problem.

Let ¢, andu; denote the Lagrange multipliers associated with the coedtistraint,
equation 1.12 and the dividend constraint, equation 1dspactively. It is possible
to solve the constrained optimization problem above usieditst-order conditions of
equation 1.9 with respect @.1, b1, ke andb; and complementary slackness conditions

onu, andg,. The first-order condition with respectivekq,, positiveb,,; and negative

andby,, are:
Vs,
E(Miazp ™) = (1 + /xt)(g +1)= (1) (1.14)
E(Mmav”l) = ¢(L+ 1) — (L+ ) (1.15)
6Vt+l
E(Mt+1 ) = (1 +u)(1 - 2bx) — (1 +1y) (1.16)

11



respectively.

Equation 1.14 states that the firm invests up to the point evtiex shadow cost of
capital equals the marginal increase in next period’s edgoediscounted value. Since
an extra unit of investment relaxes the collateral constréne shadow cost of capital
decreases igy. If the firm chooses to borrow, equation 1.15 states thatntdves up
to the point where the benefit of an extra unit of debt todayakqthe marginal loss
in next period’s expected discounted value. Similarly,agmun 1.16 states that when
holding cash is optimal, the firm saves up to the point wheeectist of an extra unit
of slack today equals the marginal benefit in next periodfgeeied discounted value.

The envelope conditions are:

N ad
= L) (1.17)
=4+ 1) (1.18)

The intuition behind equation 1.17 is that when the valueegated by an additional
unit of capital is high or when the internal funds generatgcab additional unit of
capital is low the demand for external funds will be high aschaesult the dividend
constraint is more likely to bind. Similarly, equation 1.4&8ys that when the decrease
in value by an additional unit of debt is high or if the interpaid on debt is high then

the dividend constraint is more likely to bind.

Using the first order conditions and envelope conditions é&asy to show that:

E(My1ftte) = 1‘f 0 (1.19)

We can defingy in terms of present and future risk free interest rates aediccon-
straint multipliers by iterating equation (19).
oo k-1

=B (] | Rl (1.20)

k=1 j=0

12



whereR, is equal to (1+ ry). Equation (20) shows the relationship between dividend
and collateral constraints. Collateral constraint bindenédver the firm is willing to
borrow more money than its liquidation value. If the firm iselly to be bounded by
the collateral constraint today or anytime in the futurentthe demand for the external
funds increases in the anticipation of future and divideostraint also binds. If the
model didn’t have collateral constraint then the firm coudatdnborrowed without any

cost when it needs external fund and the dividend constwaotd never bind.

1.3 Calibration

A closed form solution for the model does not exist so | calieithe model and solve it
using numerical methods. All parameters are calibratedaatinty frequency. Follow-
ing Kydland and Prescott (1982) and Gomes (2001) the caghitakx is set to be 0.3.
The monthly depreciation rate of capitais set to be 0.01 which is consistent with the
estimates of Cooper and Haltiwanger (2000).

The parameters driving the dynamics of productivity shaalescalibrated follow-
ing Zhang (2005). The monthly persistence parameter ofeagde shock Xy, is set
to be 0.983 and the monthly conditional volatility ofy, is set to be 0.0023. These
estimates are consistent with the quarterly values used bleZand Prescott (1995).
The monthly persistence parameter of aggregate shqek i5 set to be 0.97 and the
monthly conditional volatility of zg-, is set to be 0.1. These parameters are consistent
with the empirical evidence of Pastor and Veronesi (2003).

The pricing kernel parametefs y,, andy; are calibrated to match the average
Sharpe ratio, the average real interest rate and the viylatilreal interest rate where

real interest rate and the maximum Sharpe ratio as:

1 1
Zetmig? (1.21)

R ElMed B
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ot[My1] Verm(ern — 1)

St = EdMea] o (1.:22)

where
Hm = [vo + y1(% = X)I(L — px) (X% — X) (1.23)
om = ox[yo + y1((% — X)] (1.24)

B, vo, andy; are chosen to be.@94, 50 and-1000, respectively, which give an av-
erage Sharpe ratio of 0.42, an average annual real intextesof 2.0 percent and an
annual volatility of interest rate of 0.028. These momengsaline with the empirical
literature (e.g., Campell and Cochrane (1999).

The adjustment cost parameters chosen to be 15 following Zhang (2005) and it
is consistent with the empirical estimates of Whited (19%2)lowing Moyen (2005),
the cost of cash holding is chosen to be 0.05. Finally, | calibrate the fixed cost of
production f to be 0.025. Table 1.1 summarizes the key pasmalues in the model.

Given these parameter values, | solved the model numericalliteration on the
Bellman equation. The solution produced the value funcig, b, X) and the policy
functionsK/(k, b, X) and, B{(k, b, X). Section 1.7.1 describes numerical procedure to
solve the individual firm’s maximization problem in more @&t To be able to study
the effects of collateral constraint on the policy decisidrihe firm in more detail, |
also solve the model for a firm that can raise unlimited exiiumds through negative
dividends. The resulting value function and policy funns@re denoted by,(k, b, x),
K\ (k, b, x), B(k, b, x). As discussed before without non-negativity constraintsen
the firm needs additional funds it will pay negative dividendhich is equivalent to
costless equity financing and the firm can act as an uncomsttdirm. Comparing
constrained and unconstrained firms gives us a better sérdie=otion of changes

resulting from the financing constraints.
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1.4 Quantative Properties

| start by analyzing the properties of the value functiors @ptimal policy functions of
the constrained and unconstrained firms. Since my focustisenehaviors of the con-
strained model, | will use unconstrained model results &onparison purposes. | first
consider the behavior of investment function, which is defiby equation (6). | scale
the investment by the book value of assets, k. Figure 1 ph&optimal investment
ratesl,/k, I./k for different aggregate and idiosyncratic shocks. To stinyeffects
of idiosyncratic productivity shock z, the aggregate piddhty shock level x, is fixed
at its long run average leval and similarly, to study the effects of x, z is fixed at its
long run average lev@ Several interesting patterns emerge from investmentitumc
analysis. In general, investment rates of both constraameldunconstrained firms are
increasing in productivity level and decreasing in the firees Any firm, constrained
or unconstrained, will invest more when it faces better pobitity shocks. Lower
investment rate with larger asset size is a direct outconteeohegative relationship
between the marginal productivity of capital and the firnesiz

Figure 1.1 plotd,/k andl./k under different aggregate productivity shock levels.
I./k is significantly lower thar,/k when the firm size is small. Unlimited financing
capability gives the unconstrained firm an edge in investiwiien capital level is low.
When unconstrained firm’s cash flow is low, it can still reaghfiitst best investment
level using costless, unlimited external financing. It paggative dividend which is
equivalent to equity financing. When the initial debt holdaighe constrained firnB,,
is zero, borrowing limit has an indirect effect on the lowdewf investment rate of the
small constrained firm. Figure 1.2 pldss for different level of aggregate productivity
shocks. Although small firms cannot reach unconstraineeldesf investment, they
still do not borrow up to their limits. More borrowing traasés into higher level of
production, which implies higher expected profit and high#atility of profits. Lower

borrowing level is a direct consequence of the trade off betwlarger expected profits
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and higher volatility of the profits. The positive probatyilof a series of bad shocks
prevents firms from extra borrowing because if they choodetoow more today, in
case of a series of bad shocks, the firm size will shrink in tharé, the cash flow
will decrease significantly and accordingly, the borrowtogstraint will bind. Due to
binding borrowing limit and insufficient internal cash flotescover the fixed cost of
production, the firm may get liquidated. In other words, miebét today increases the
possibility of being constrained in the future and thereftorrowing limit has indirect
impacts on the low levels of borrowing and investment of timal constrained firm.
As the firm size gets bigger, the internal cash flow of the camstd firm become
sufficient to reach to the desired rate of investment, anaddmstrained firm’s invest-
ment rate catches up with the unconstrained rate. With bgdeggte productivity
shocks, it even exceeds the unconstrained rate. A low aggrepock reduces the in-
vestment rates of all the firms in the economy through tweaeddifit channels. First,
it reduces the investment rate directly by lowering the nmaigproductivity of invest-
ment. There is also an indirect effect associated with xctwktems from time-varying
discount rates. When a bad aggregate productivity shockhi@tsconomy, the discount
rate increases and therefore for a given increase in thetimeat rate, the increase in
expected continuation value of the firm will be lower. In atherds, the contribution
of investment to current firm value is lower so a bad shock ceduhe propensity to
invest through higher discount rates. As a result of the laavgimal productivity and
the high discount rate, the unconstrained firm chooses teedse the firm size and
give the proceeds to the shareholders as dividends. The ¢argstrained firm prefers
to disinvest as well but still./k is significantly higher tham,/k. Due to the positive
probability of a series of bad shocks and probability of gaionstrained in the future,
the constrained firm acts more conservative and tries totaiaia higher level of cap-
ital as a cushion for possible bad times. Due to adjustmeshicash holding costs, it
is cheaper to maintain a higher capital level relative tinglsst and save the proceeds

as cash; therefore constrained firm prefers carrying unyyatock capital over holding
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cash as a cushion.

As noted, financial constraints have indirect effects orewgriaged firms’ invest-
ment decisions under aggregate shocks. Constrained firng laeoowing and they
end up depressing their investment rates. The gap betwemmsinained and con-
strained firms’ investment rates is higher under good aggeeshocks relative to bad
shocks. We can deduce that financing constraints bind wialged constrained firms
more in economic booms compared to recessions. The reasamdiéis is the si-
multaneous impact of aggregate shocks on current prodycnd continuation value.
Given that current productivity is higher and future lookghter, investment demand
amplifies. Current cash flow increase as well but the incraaggernal funds is not
adequate to compensate the increase in investment demanw flBms still pass up
the borrowing option, the gap between internal funds andstment demand explain
the significance of the financial constraints. This gap dishies with firm size because
while cash flow increases with capital level, investment @edhdecreases with it. In
other words, financing constraints is not very restrictioe large firms. During bad
times, the internal fund and investment demand diminishukaneously but the gap
between them is lower compared to that in good times.

In Figure 1.2, the investment rates follow a similar pattedmen analyzed as a
function of idiosyncratic shock z. The only exemption is tase when the firm size
is very small and the idiosyncratic shock is negative. Thed@gnal volatility of z
is larger than the conditional volatility of x, thereforeethash flow of a firm is more
sensitive to changes in z. When a negative z hits an extraotlyirsmall firm, firm’s
cash flow drops substantially. The borrowing constraintibiand the cash flow cannot
cover the fixed cost. Consequently, the constrained firm casurgive and the firm
gets liquidated. A firm that is close to the liquidation boandborrows up to the limit
and increases its investment rate as much as possible toam@yefrom the boundary.
Briefly, a small constrained firm is very vulnerable to negatdiosyncratic shocks and

when it faces one, investment rate becomes very sensitii@dmal cash flows and
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available external funds.

| also want to note that the significance of financing constsais higher under
negative z compared to positive z. The effect of z on intefurads dominates its effect
on investment demand. This is not surprising given thatsgharatic shock z is not
related to future discount rate while the internal fund istiyasensitive to changes in z
due to its high conditional volatility.

Finally, | want to study the effect of stochastic discounierassumption on invest-
ment rates. Figure 1.3 plots the optimal investment ratesaainstraint firm for differ-
ent aggregate shocks under constant discount rate and@stmotliscount rate assump-
tions. Investment rates barely move with aggregate shocklgrconstant discount rate
assumption. Due to low conditional volatility of x, the pradivity and internal funds
vary slightly with different aggregate shocks. Under sastlt discount rate assump-
tion, however, x has an effect on both current productivitg axpected continuation
value; therefore the effect is amplified. In good times, séstic discount rate model
produces higher investment rates compared to constamioliscate model because not
only today, but also future looks brighter. Similarly, indoames, stochastic discount
rate model produces lower investment rates compared tdargrdiscount rate model
because the decline in expected continuation value on pheftihe drop in current cash
flow depresses the investment demand significantly. Brieflgstment rates produced
by stochastic discount rate model are more sensitive toeggtg productivity shocks
compared to that produced by constant discount rate model.

Figures 1.4 and 1.5 depict the borrowing policies of a camstd firm with zero
B. and positiveBg, respectively, under different aggregate and idiosyncistocks.
The most noticeable trend in Figure 1.4 is the tendency te.sa@kie tendency to save
stems from the dynamic feature of the model. In contrast ®meriod models, in a
dynamic model, firms act strategically taking expected iooiation value of the firm
into account, as well as current profitability. A forward kg firm may want to save

some cash as a buffer against the possibility of future fimgn@onstraints. While cash
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holdings require a reduction in current, valuable investisighe extra slack tomorrow
will reduce the constrained firm’s reliance on external foiag and it will allow the
firm to utilize more from the future profitable investment oppnities. Therefore, a
constrained firm’s cash policy is determined by a trade ofiveen the profitability
of current and future investments. Precautionary motigdsold cash that is derived
from this trade off under financing constraints is importemexplaining the excess
cash holdings of the firms. In this sense, the chapter cané#to cash management
literature by presenting a theory that will help explainthg empirical evidence.

An initially zero indebted constrained firm borrows in twcsea. The first case is
when the firm’s size is small and it faces a negative idiosgticishock. Shocks are
very persistent and the firm rationally anticipates anoliael shock in the next period.
As discussed earlier, if the firm size gets too small, the wamsed firm can not survive
after a negative z. Therefore, to avoid liquidation, the fiwvhose size is close to the
liquidation border, borrows up to the limits and enlargesfttm size. The second case
is when the firm size is significantly large and the economgdacbad aggregate shock.
As mentioned before, under a bad aggregate shock the vakieming firm discounts
expected continuation value heavily and the dividend padey is valued more by the
shareholders. If the firm is far from the liquidation boungatrchooses to borrow up
to the limit and pay the proceeds as dividehds.

A noticeable pattern in Figures 1.4 and 1.5 is that the bangisaving level is
higher/lower during good aggregate shock periods but léwgrer during positive id-
iosyncratic shock periods, and vice versa. This result stieom the trade off between
the higher expected profits and higher volatility of profitattare attributable to higher
borrowing and lower saving. Due to the counter-cyclicaterof risk, a constrained

firm becomes less risk averse under a good aggregate pnatjustiock and prefers to

1Borrowing at the limit under bad aggregate shock and zeosjgicratic shock occurs when the firm
size is greater than 6. This part is not included in Figurdsabhd 1.5 because due to small figure sizes it
would be hard to identify the borrowing and saving patterhemthe capital level is less than 6. Figures
are available upon request.

19



borrow more/save less and uses the proceeds to increasenere and the expected
profit level. If the firm is hit by a positive z, however, thekigverness of the firm does
not change and the concern of higher volatility dominateshigher profitability ex-
pectations and accordingly, when the firm is large enougtefeps to borrow less/save
more when it faces a more favorable idiosyncratic shock. t€hdency of constrained
firms to save less in good times and save more in recessionsoiglacumented in
empirical cash management literature by Almeida, Campeltb\deisbach (2005).

Another rule evident from the figures is that the optimal lefedebt depends not
only on the capital level and productivity shocks but on theent level of debt as well.
As the current debt level increases, holding everything etsmstant, the optimal bor-
rowing level also increases. Finally, the debt policy istfyrpersistent and decreasing
with the firm size.

Figure 1.6 illustrates the optimal investment policy of astoained firm with posi-
tive B, under different productivity shocks. As the zero debt l@asde, the investment
rate of an indebted firm is a non-decreasing function of bdu¢helggregate and idiosyn-
cratic shocks and also, the investment rate is more semsdivdiosyncratic shocks
when the firm is close to the liquidation border. Possibiityuture bad shocks and the
threat of liquidation forces small firms to borrow more andgeist more. On the other
hand, larger firms have larger cash flows and they don’t relgxdernal borrowing to
finance their investment. Large firms borrow only to pay mawdénds when they
face a bad aggregate shock.

Another way to see this is to look at the raBt/(1-6)K’ for different capital levels.
By definition, this ratio is less than or equal t@ 1n general, the ratio is a decreasing
function of the firm size and firm productivity. In the first gdof Figure 1.7, it seems
like the borrowing constraint never binds under differeggr@gate productivity shocks

at small capital levels because the constrained firm neaehes to the limiting point 1.

2A shortcoming of the numerical procedure is that discréitineof the state space limits the ability
of the model to borrow at the boundary.
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In fact, when the firm is extremely small, the collateral domist binds. As discussed
above, firm can not survive due to lack of internal cash flow amding borrowing
constraint and hence, the equity value goes to zero. Thatyshe ratio is undefined,
instead of 1, for very small capital levels even though thest@int binds. The same
logic applies to idiosyncratic shocks. Besides, the smatl tinder negative productiv-
ity shock borrows on the limit point and the collateral coasit binds.

Gomes, Yaron and Zhang (2003) find that firms are more consttan good times
of the economy. Gomes, Yaron and Zhang (2003) define finarotingtraints as eq-
uity financing cost. As productivity increases, a firm’s propity to invest increases
and higher investment requires more external financing vigsults in higher cost of
external financing. In other words, firms are more financiedipstrained under good
productivity shocks and financing premium is pro-cyclicBhe pro-cyclical financing
premium is consistent with the results presented for unégex firms. Since unlever-
aged firms prefer not to borrow unless they are small and diotve in the firm-level,
debt to equity ratio is not a good measure of financing comssrdor them. As dis-
cussed earlier the gap between their internal funds andtiment demand increases
in good times and financing constraints bind them more. Theoowe of my model
differs from Gomes, Yaron and Zhang (2003)’s results when irinitially leveraged.
In my model, the significance of financing constraints is ¢ernyclical for leveraged
firms. The intuition behind this is simple. In a collaterahstraint framework, financ-
ing constraint is endogenous in the liquidation value offiime and as investment level
increases, the borrowing capacity increases as well. bgeer firms are highly risky
and they need to invest in collateralized assets both tease production and to relax
the financing constraints. Under a good productivity shoogdit multiplier effect in-
duces higher investment rates, and accordingly less lgrithancing constraints. On
the other hand, under a bad productivity shock, the numberdabted firm liquida-
tions increases substantially as a result of the limitingst@ints. Firms that are close

to liquidation want to over invest to move away from the ldption boundary in antic-

21



ipation of persistent bad shocks but they hardly service therent debt using external
financing and they are bounded by the collateral limit. Lowmgestment rates result
in lower borrowing capacity and binding financing consttainTherefore, financing
constraints bind more under bad productivity shocks.

We now focus our attention on the impact of financial slackguFeé 1.8 depicts
the investment rates of constrained and unconstrained fiamthsslack for different
productivity shocks. One interesting point is that investirrate of the unconstrained
firm does not depend on the slack. This is not a surprisingtresasidering that the
unconstrained firm can effectively optimize its investmeié by using unlimited ex-
ternal financing. The constrained firm, on the other handesiomes cannot reach to
the desired level of investment on account of financing camgs and limits its invest-
ment to the available funds. Financial slack helps consdifirm to relax the financial
constraint it faces and reach to the unconstrained levetvastment. Moreover, the
liquidity reduces the likelihood of being constrained ie flature. According to Figure
1.8, when the constrained firm does not have enough assethévage the sufficient
amount of internal funds for investment, it uses the initedh stock it has to finance its
investment. In view of that, investment rate increases arehghe adequate amount of
slack, it reaches to the unconstrained level. For a ceméemval, it is even exceeds the
unconstrained level. The difference is the precautionavgstment against the possi-
bility of future bad shocks and shrinking firm size. The dexidetween precautionary
investment and precautionary savings is related to equafidl4 through 1.18. As the
equations state a constrained firm prefers production @&ng in three cases: (1)
When expected future internal funds generated by an addltiont of capital is high;
(2) When next period interest rate is low; (3) When total casllihg cost is high.
While positive idiosyncratic shock raises production digantly, a good aggregate
shock simultaneously raises the current cash flow and reched period interest rate;
therefore persistency of productivity shocks cause higieeted value creation with an

additional unit of capital. Accordingly, the constrainedrs with good productivity

22



shocks and/or high financial slack prefer extra productieer cash holding.

1.5 Empirical Implications

1.5.1 Summary Statistics

| start by simulating the model for 2000 firms and 500 monthelyQ283 firms sur-
vived at the end of 500 months. The default rate is 0.29% partguy which is lower
than the average exit rate, 1.2 % per quarter, in the sampiaontifacturing firms ana-
lyzed by Evans (1987a). The default rate is lower than datadme constrained model
guarantees that firms never default on their debt paymemrt&®ul occurs only when a
firm cannot pay the fixed productivity cost because colldmyastraint prevents firms
from choosing a debt level that is too burdensome to servidbe following period
after facing an unexpectedly low productivity shock.

| assume that all firms are initially identical. | drop the i) observations to
minimize the effect of a possibly suboptimal starting poirtie resulting firms’ capital
levels range between 0.07 and 2.2. Figure 1.9 plots theysttate distribution of the
surviving firms’ capital levels.

Table 1.2 reports a set of moments generated under the banklparameters in
Table 1.1. The data source for moments of real interest ea@ampbell, Lo and
MacKinlay (1997), for the debt-asset ratio is Hennessy andt&li{2006), for cash
holding-asset ratio is Almeida, Campello and Weisbach (2005 the rate of invest-
ment Livdan, Li and Zhang (2005) and for the rate of disinvesit is Abel and Eberly
(2001).

Overall, Table 1.2 shows that the collateral constrainedehdoes a reasonably
good job in matching this set of basic moments. The close tie@fit of the model
to the first three moments is not surprising since the modalready calibrated to
match the average annual Sharpe ratio, interest rate aatlliplof interest rate. The

investment and disinvestment rates are sensibly closeetdata. While many studies
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are able to match the investment rate, they have difficulti@satching disinvestment
rate, especially under quadratic adjustment costs. Imtioidel, collateral constraints
drive the high rates of costly disinvestment. Since theatethl constraints limit firms’
access to external funds, when they are short of internalftimey have to disinvest to
create the extra funds. Disinvestment generally occurswiilras face bad productivity
shocks and they don’t have sufficient internal funds to sertheir debt payments and
to pay the fixed production cost, simultaneously. Finallfilev both debt and cash
holding rates are quite close to the real data moments, Haiearatios are a little
lower than the real values. The reason behind this is theamomg of the model to
account for simultaneous debt and cash holdings. The maodsl ot allow borrowing
for saving purposes, which reduces both borrowing and gaites. | also want to note
that even though the average debt to asset ratio is highertrexrage cash holding to
asset ratio, the fraction of observations with cash hoklia@.54. In other words, firms
hold cash, for precautionary purposes, more often thandbdyorrow but the level of
cash is less than the level of debt.

Table 1.3 displays some of the constrained firm’s investrbehivior in greater
detail. Table 1.3 presents the means and correlation ceeffscfor capital stocki;,
beginning of period Tobin’s Qi ;_1, cash flonCF;;, investment;, dividendsD;, debt
issuesB;, and finally the productivity shocks andz ;. Specifically, | define cash flow,
CFi;, as the beginning of the period funds and Tobin's@, as the market to book
value of assets.

CFit=Yit — bitriz-1 — okt — f (1.25)
Qit = (Vit + bite1)/Kigea (1.26)

Cash flow, investment, dividend and debt variables are stgl¢ide capital level.
In this model aggregate shocks and idiosyncratic shocks; are the variables that
represent investment opportunities. Summer (81) motiieear relationship between

the investment capital ratio and Tobin’s q using a quadeatjustment cost framework.
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According to the Table 1.3, the beginning of the period Tbinis a good proxy for
the investment opportunities for this model as well becahsecorrelation coefficient
of Qi1 with x; andz; are fairly high, 0.54 and 0.42 respectively. The reason ef th
higher correlation between Tobin’s q and aggregate shothei€ounter-cyclical dis-
count rates. Tobin’s g takes into account not only the vateated today but also the
expected value that will be created in the future. While be#ndz; affect firm’s pro-
ductivity level, onlyx; has an effect on discount rates. Singehanges the way a firm
discounts expected continuation value as well as the ptmitycTobin’s q responds
more to variations in compared to variations in;.

The correlation between the cash flG#;; andx; andz; exhibits a different pat-
tern. While the correlation coefficient betwe€ir;; and x; is almost zero, the coef-
ficient is pretty high forICF;; andz;. While bothx, andz; affect the productivity in
the same direction their impact on the debt service is dffer The aggregate shock
doesn’t have much impact on the debt level but the interdstvaries with it. De-
pending on the sign dB;;, which determines whether a firm is borrowing or saving,
impact of the interest rate will differ. On the other handjlels ; andB;; are negatively
correlated, the interest rate remains constant. As a resghrdless of the sign @,
an increase/decrease in idiosyncratic shock level with alsrease/decrease the cash
flow.® In addition, higher volatility ofz, results in higher sensitivity in cash flows.

Another interesting relation to explore is the relatiopshetween dividend rate
and productivity shocks. The dividend rate is negativelgatesl to aggregate shocks
but positively related to idiosyncratic shocks. The exptan is very similar to the
previous cases. As a result of the counter-cyclical distmtes, in a good state of the
economy the discount rate is low and thus the expected a@iton value of the firm
is high. This reduces the dividend ratio and increases thestment rate. In contrast,

a higherz; promotes both investment rate and dividend rate since theuptivity is

STable 1.3 records the correlation coefficients betwgeandB; .1, andx andB;t.1 but due to the
persistence of the shocks, their correlation vBthis very close to the reported values.
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high and the discount rate is constént.

The rest of Table 1.3 is intuitive. The cash flow is positivetyrelated with the
investment and dividend rates and negatively correlatéla te borrowing rate. When
there is an increase in the internal funds, firm uses thesisfumraise capital, to make

dividend payment and to retire some debt.

1.5.2 Investment-Cash Flow Sensitivities

In this section, | investigate the cross-sectional propemf the model. My intention
is to find out whether the model presented with the collateoalstraint can produce
a cross section of investment-cash flow sensitivities tleatahstrates similar pattern
with the real data. The most popular approach to test inastimash flow relationship
is the Q model. According to Q model, under the assumptioredfiept capital mar-
kets, a firm’s investment decision is mainly determined hysetations of future profit
opportunities, which is usually estimated by the ratio & tharket value of assets to
their replacement value.

In an influential paper, Fazzari, Hubbard and Peterson (1988gest that under
financing frictions, in addition to the availability of prtdble investment opportunities,
the availability of internal funds is also an important detmant of a firm’s optimal
investment policy. To account for the financial frictionse tQ model is adjusted to
include cash flow variable as a proxy for the availability ofernal funds. A firm
that faces financing constraints should exhibit positivestiment-cash flow sensitivity.
Since Fazzari et al., it has been a common practice to tegirds=nce of financing
constraints by checking whether investment-cash flow geitgicoefficient that is ob-
tained from adjusted Q model is significant for the firms thatiari are thought more

likely to face financing frictions.

4A higherz, promotes dividend rate if the firm is not close to liquidatmundary.
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Specifically, the adjusted Q model of investment can be evriéts follows:
I CF
(R)it =a + Q1+ a2(?)i,t + Uiy (1.27)

where the fixed firm effecd, the investment g sensitivitg;, and the investment-cash
flow sensitivitya, are the coefficients to be estimated ands the error term.

There are several influential empirical studies that spétsample of firms accord-
ing to different criteria that are used to identify the degoé financing constraints that
a firm faces and then examine if the cash flow coefficient i®bffit across the groups
of firms. To explain the empirical evidence provided by thsgglies | split the data
generated by the constrained model according to diffenentdharacteristics identified
by different criterion and report the regression coeffits@btained under each criteria.
For comparison purposes, Table 1.5 reports the empiriadihfys of the related studies.

First, following Fazzari et al., | separate simulated saipio groups based on div-
idends paid out to shareholdeB, /K;;. The sample consists 450 time period and 1283
firms that survived over this period, which are 577350 olet@as in total. | compute
the average dividend over this sample and the observat@hsiave a dividend payout
higher than the average is called the low retention groupsandarly the observations
that have a dividend payout lower than the average is cdiledigh retention group.
Given that Tobin’s g included in the regression accountsiferinvestment opportunity
set of the firm, in Table 1.4, Panels A and B, the cash flow coefftiaéstimate of the
high retention group is higher than the coefficient estinaditine low retention group,
(0.22 > 0.03). According to the model, firms that are more constrainefifancing
constraints pay fewer dividends and retain more of theionme to be able to finance
their investment, and accordingly, their investments aoeensensitive to the fluctua-
tions of their cash flows. The estimates are consistent Wehfindings of Fazzari et
al., where the cash flow coefficient of most constraint firrd60.s higher than the

coefficient estimate of the less constraint group, 0.023.
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Second, in the spirit of Allayannis and Mozumdar (2001),sample split is based
on the beginning of period cash flo@F;;/Ki;. The advantage of using cash flow as
proxy for financing constraints is that it omits the curreatipd’s decisions. | compute
the average cash flow and categorize the observations tathah flows higher than
the average as high cash flow group and the rest is catega&#te low cash flow
group. According to Table 1.4, low cash flow group has higleshcflow-investment
sensitivity than high cash flow group,.20 > 0.04), similar to the evidence provided by
Allayannis and Mozumdar, (855> 0.151). Since the correlation coefficient between
cash flow and dividend is high, @&b), it is not surprising that both criteria provide
similar outcomes.

Allayannis and Mozumdar further argue that negative cash dloservations need
additional attention because they represent abnormas edsere levels of investments
hit bottom and can not respond to additional cash flow deslir&nce these outliers
does not add any value to the objective of measuring the inghdicancing constraints
on investment in normal situations, | run the same regrassiequation 1.27 using
only the positive cash flow observatioF; /K. The results are reported in Table 1.6.
Consistent with Allayannis and Mozumdar results the cash $lemsitivity coefficients
of the low cash flow group is amplified and it is still higher thiae high cash flow
group, (03986> 0.063). Similarly, Panel A and B of Table 1.6 show that the casl fl
sensitivity of the high retention group is amplified and istdl higher than the cash
flow sensitivity of the low retention group, .@183> 0.09).

Figure 1.10 explains these results further. It graphs tlezame investment and
dividend rates at representative cash flow realizations. Slitmulated sample from the
constrained model is sorted with respect to cash flow rdaizeiand then divided into
20 groups. For each group of the average cash flow realizataverage investment
rate and dividend rate are computed. In panel A, for negatigé flow realizations, the
plot is flatter compared to low but positive cash flow realmag. Since the slope of the

plot is reflected in the cash flow sensitivities, the estimatnsitivity coefficient of low
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cash flow group amplifies when negative cash flow observatomsiropped. As cash
flow increases further the plot becomes flatter and accoditige cash flow sensitivity

coefficient of high cash flow group is lower. The high cash fleaup consists of firms

with large capital size and/or firms with slack. Since botbréasing firm size and
cash savings relax the financing constraints that firms theecash flow sensitivities
drop as cash flow increases. Panel B shows the relationstweée dividend and cash
flow realizations. Since some of the low dividend observegicorrespond to negative
cash flow realizations the cash flow sensitivity of high rengroup is lower in Table

1.4 compared to Table 1.5. When negative cash flow obsergatiom dropped, the
correlation between cash flow and dividend increases sitgnifiy and high retention

group and low cash flow group provide very similar results.

Next classification criterion is the firm size. Gertler andoHard (1988) argue that
small firms are more likely to face information and incenfiveblems so they are more
likely to face financing frictions. After Gertler and Hublgd 988), Gilchrist and Him-
melberg (1995) check the presence of financing constraynggliiting firms according
to their sizes and they find that cash flow sensitivity of sifivais is higher than the sen-
sitivity of large firms, (0203 > 0.124). Following Gilchrist and Himmelberg (1995),
the sample is split according to the criterion that is basefirm size. Firms that are
smaller than the average size are called small firm size gengpthe rest is called the
large firm size group. For the constrained model provided,itee degree of financial
constraint depends both on the borrowing capacity and osi#eeof the firm’s cash
flows relative to its investment opportunities. Firm sizaigreat proxy for the degree
of financial constraint for firms without slack because bbathdutput level and the bor-
rowing capacity is positively related to firm size. Howewaack relaxes the financing
constraints by increasing the size of a firm’s cash flow kegfhe investment demand
constant and it reduces the cash flow sensitivity of investm8ince small firm size
group consists of small firms both with slack and without kJalse cash flow sensitiv-

ity coefficient of small firm group is lower than the coefficienf the previous groups
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but it still is significantly higher than that of the large firgnoup, (01559 > 0.02).
The results provided by Gilchrist and Himmelberg (1995) iatme with the results
produced by the model.

Fourth, the sample is divided into two groups to capture Kapnd Zingales
(1997)'s firm classification. This classification is basedtlo® amount of unutilized
credit available to a firm. Firms which borrow close to thekdit limits are called
low unutilized credit group and the rest is called high ulired credit group. Specifi-
cally, the sample split is between firms witB; {,;/((1 — 0)Ki 1) = 0.9 and firms with
(Bitz1/((1 - 9)Kit1) < 0.9. Consistent with the regression results of Kaplan and Zin-
gales (1997), firms that exhaust their available creditt@kiower cash flow sensitivity
than firms that do not utilize all the credit available to therhere are several reasons
behind this result. The first one is the fact that constrafirets do not always borrow
at the margin. Considering the possibility of being consediin the future, forward
looking firms will partially protect themselves with caslvisays or unused debt capac-
ity. The precautionary motives that stems from this dyngmeispective distinguish the
model from the static view of financing constraints emplopgdaplan and Zingales
(1997). In a dynamic framework the amount of unutilized dreschot a good proxy for
the degree of financing constraint a firm faces. The secorsdnaa that more than half
of the firms that borrow close to their margin have negativghdéows. As discussed
above, investment levels of firms with negative cash flowetaready hit bottom and
cannot respond to additional cash flow declines so negadisie ftows observations re-
sult in low investment-cash flow sensitivities. Finally,raal number of observations
in the low unutilized credit group are coming from large firmiso borrow at the mar-
gin to make dividend payments to shareholders after facatypgroductivity shocks.
Since changes in their cash flows will have a major impact eir thividend payments
instead of their investments, these observations redecavitrall cash flow investment
sensitivity.

Allayannis and Mozumdar (2001) showed that when the negatigh flow observa-
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tions are excluded from Kaplan and Zingales’s sample, thmated sensitivity of low
unutilized credit group is actually higher than that of higtutilized credit group. In
the spirit of Allayannis and Mozumdar, when | re-estimate $skensitivity coefficients
excluding the negative cash flow observations from the stedl data, the results in
Table 1.6, Panel G and H, are supporting Allayannis and Malaur(2001)’s findings.
The low unutilized credit group’s sensitivity coefficiestsignificantly higher than the
high unutilized credit group’s sensitivity coefficient$6 > 0.1057). What is more,
it is significantly higher than the sensitivity coefficiemall the previous classifica-
tions. This result is interesting but it is not surprising«cliding negative cash flow
observations from data implies leaving financially distezsfirms out of the sample.
A firm that issues debt when it is financially healthy typigalses part of the external
funds to invest, which will in turn increase its borrowingdanvestment capacities. As
discussed before, this so called "credit multiplier effestems from the endogenous
financing constraint and it increases the sensitivity oégtinent to internal funds. In
other words, a change in the availability of internal fundsew a firm is financially
healthy has dual effects on investment, and hence the meestcash flow sensitivity
is amplified.

Finally, following Moyen (2004), | compare the cash flow-@stment sensitivities
of the data simulated from the constrained model and thenstiined model. In con-
trast with the findings of Moyen, investment-cash flow sévisés of constrained firms
are higher than those of unconstrained firmsl40G 0.02). The difference in findings
is stem from the different definitions of financing consttaim our models. In Moyen
(2004), unconstrained firms do issue risky debt when they eggernal financing and
they face bankruptcy risk. Therefore, availability of imtal funds is an important deter-
minant of their investment policy and the unconstrainedigi®investment-cash flow
sensitivity coefficient is significantly greater than ze@Gmnstrained firms, on the other
hand, had access to external capital markets at some paivé past but they no longer

have access. They don’t have any control over their debtyaslb they only choose
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between investing and paying dividends. Under a positigh éi@w innovation, since

unconstrained firms can issue debt to finance additionakiment, their investment
rates increase more rapidly compared to constrained fimasstment rates and there-
fore, investment-cash flow sensitivity of unconstraineougris higher than cash flow
sensitivity of the constrained group,221 > 0.592).

In my model, unconstrained firms have riskless, unlimiteckas to external mar-
kets. Since unconstrained firms don’t face any type of fimanconstraints, the avail-
ability of internal funds is irrelevant for their investntgmolicy and their investment
cash flow sensitivity is insignificant. Constrained firms, lba tther hand, do have ac-
cess to the external capital markets but their access il their liquidation values.
Constrained firms may issue some debt in periods of high cask fmfinance invest-
ment or they may choose to stock up some cash in bad times teérature invest-
ment opportunities with internal funds. Therefore, thalatdlity of external financing
in the constrained model gives rise to significant investreash flow sensitivity coef-
ficients. Besides, the endogeneity of financing constraindeces the investment-cash
flow sensitivities even further because firms invest bottxpat the profitable financ-
ing opportunities and to relax the borrowing constraintsother words, credit multi-
plier effect gives more incentive to constrained firms taestv Furthermore, counter-
cyclical discount rate feature of the model, which doesxi'stedn Moyen (2004), also
contributes to the significant cash flow sensitivities ofstcained firms. After facing a
good/bad aggregate productivity shock, continuationevahia firm increases/decreases
SO propensity to invest also increases/decreases. Firthssiack, however, decrease
the investment-cash flow sensitivity of the constrainedigroecause slack relaxes the
financing constraint they face and constrained firms withksécts more like uncon-
strained firms. Therefore, the stochastic discount ratesavailability of limited bor-
rowing capacity, the possibility of cash holding, and thel@yeneity of borrowing
capacity simultaneously contribute to the cash flow seitsittoefficients produced by

the constrained model.
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1.5.3 Cash Flow Sensitivity of Cash

The model has significant implications on corporate liayidind its relationship to the
firms’ internal funds, as well. The relation between finahc@nstraints and a firm's
propensity to save provide us one more way to identify whefinancial constraints
are an important determinant of a firm behavior. As discugsetttail above, if for-
ward looking firms expect to face financing constraints infthiere, they will partially
protect themselves with buffer stocks of cash today. A gamstd firm cash policy is
determined by a trade off between profitability of currerd &rture investments. While
cash holdings as a buffer against future cash flow variatioang be cost effective rel-
ative to asset liquidation, higher cash savings requiredaateon in current, valuable
investments. Therefore, financial constraints are relstedfirm’s propensity to save
cash out of internal funds, which Almeida, Campello and Waa$l(2006) refer as the
"cash flow sensitivity of cash”. Unconstrained firms in thisdael have unlimited ac-
cess to external markets so they have no need for cash. Tlysiarsaiggests that while
constrained firms should display significant cash flow setitgibf cash, unconstrained
firms’ cash holdings should bear no significant relation &rtimternal funds since they
don’t face any financing constraints.

To test this hypothesis, | use the regression specificatan Almeida, Campello
and Weisbach and estimate the change of cash holdings fetraored and uncon-
strained model, controlling for firm fixed effects. Specifigd estimate the regression

equation
ACashHoldings

( K

CF
Jir=a& + Qi+ az(?)i,t + agKit + Uiy (1.28)

Size is included to the cash holding equation as an explanatriable because of
economies of scale arguments in cash management lite(@pier et al (1999)).a,
represents the cash flow sensitivity of cash.

The results of estimating equation 1.28 are summarized loheTA.7. For con-
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strained firms, the cash flow sensitivity of cash is positind aignificant. The sensi-
tivity estimate of cash is.@11. In other words, a constrained firm saves around 11
cents for each additional dollar of internal funds. Thesgilts are consistent with the
hypothesis that corporate liquidity is positively relatedinternal funds under finan-
cial constraints. The sensitivity estimate of cash is smaljative and insignificant for
unconstrained firm. Since unconstrained firms have no usasif there is no signif-
icant relation between cash holding and internal funds. &3tenates are in line with
the empirical evidence provided by Almeida, Campello andsi&ch (2006) that is
summarized in Table 1.7 as well. Using annual data, Aime@anpello and Weis-
bach test the presence of financing frictions using the ssgye equation 1.28 shows
that for each dollar of cash flow, a constrained firm will sak@uad 5— 6 cents, while

unconstrained firms do nothing.

Macroeconomic Dynamics

Another important issue to consider is the role that agdesghocks play in a con-
strained world in creating business cycle asymmetrieshiBigection, | explore how
investment policies change in response to an aggregat& #aicaffects firms’ ability
to generate cash flows.

According to the model presented, a firm’s collateralizaigeworth is pro-cyclical.
During booms, constrained investment increases and aogbydhe collateralized net
worth and external financing capacity also increase. Besiakesest rates are counter-
cyclical so interest paid for a loan is lower during booms.other words, it is easier
and cheaper to borrow during economic upturns. Conversehgdessions, it is more
difficult and expensive to borrow.

The analysis suggests that constrained firms’ investmectufitions may exhibit
asymmetries in business cycles. Investment upswings imbooay be sharper than
downswings during recessions. In upturns, higher prodigtilower discount rates

and higher financing capacity stimulate investment andowong, and dampen divi-
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dend payments. Since a good aggregate shock enhanceséfitenncing capacity and
higher external financing capacity increases the invediriugther, investment rates
may be very sensitive to movements in borrower’s cash flowoionis. In contrast,
the lower productivity, lower continuation value and sgenprecautionary motives re-
duce firms’ propensity to invest and increase their propgtsisave and pay dividends
during an economic downturn. As a result, cash flow sengitofi investment may be
lower in recessions.

To test this hypothesis, | estimate an investment equatitm two dummy vari-
ables,D! ,that equals unity during recessions and equals zero oteandDP that
equals unity during booms and equals zero otherwise. Sgayfil estimate the equa-

tion

| CF CF CF
()it = & + Qi + &(—)it + ag(Df * —)ir + ag(DP * —)ir + Uiy (1.29)
K K K K

The results of estimating equation 1.29 are summarized lneTA.9. The third
column reports the coefficient on the recession dummy tirnescash flow variable.
Recessions are defined as a large increase in the risk freeviath is related to the
changes in aggregate shock, x. Specifically, | consider iagb@r which risk free in-
terest rate raised at least 15 basis points to be the date métary contraction and
consider eight periods following the contraction as reloessFor constrained firms,
there is a reduction in the cash flow coefficient during recessalthough it is not sta-
tistically significant. The reduction in the cash flow invasnt sensitivity is about 13
percent. The fourth column reports the coefficient on thetbdammy times the cash
flow variable. | consider a period in which risk free interesie decreased at least 15
basis points to be the date of monetary increase and coreglarperiods following
as economic boom. For constrained firms, there is a signifioanease in the cash

flow coefficient during booms. The increase in the cash flostment sensitivity is
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about 19 percent. High productivity, high continuationueabnd cheap external funds
magnify cash flow sensitivity of investment during booms. explained above, these
asymmetric sensitivity coefficients in business cyclemsii®m two distinct features
of the model, which are credit multiplier effect of endogesaeollateral constraint and
stochastic discount rates. Higher cash flow sensitivity @bastrained firm during
booms is consistent with the empirical evidence presenyedlitmeida and Campello
(2004). Almeida and Campello (2004) finds that investmestidbow sensitivities of
constrained firms increase with asset tangibility and dasgiibility has a higher (pos-

itive) impact on constrained firms’ investment-cash flowssvrities during booms.

1.6 Conclusion

In this chapter, | have developed a partial equilibrium madestudy the relationship
between corporate investment and internal funds in a dyn&@mework under ag-
gregate and idiosyncratic uncertainty, counter-cyclfate of risk, and endogenous
external financing constraint. Specifically, financing d¢oast is defined as collateral
constraint, which is a function of firm’s liquidation valuéccording to the model,
a firm’'s investment and financing policy is determined by dédraff between higher
profits and higher volatility.

The solution of the model demonstrates that financial camgg play a crucial role
in investment and financing decisions of firms and their raesps to aggregate shocks.
Normally, small firms have high profitability but they havevieash flows, and low
access to credit lines. To utilize the higher return assedisvith small size and to
relax the financial constraints they face, small firms witifowancial slack, would like
to borrow more, invest more and pay less dividends relativarge firms. As a result,
supporting the evidence presented by Fazzari, Hubbard etedsen (1988), firms that
face tight financing constraints have high investment cash$kensitivities.

Even though small firms without any cash reserves have a nggrepsity to borrow
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and use these extra funds for investment, in general, they exhaust all their credit
lines in the anticipation of future bad contingencies. Imestwords, precautionary mo-
tives reduce investment and borrowing, and stimulate exoggdity. Contrary to Ka-
plan and Zingales (1997)'s argument, the model illustrtas existence of unutilized
credit lines is compatible with presence of financing cansts. As a result, the model
produces results that are inline with the empirical evigeotboth Fazzari, Hubbard
and Peterson (1988) and Kaplan and Zingales (1997), andci#e® the controversy
between them.

The model has important business cycle implications as. w€lbunter-cyclical
interest rates, persistent aggregate shocks and endagealtateral constraint imply
higher investment-cash flow sensitivity during booms anekeloinvestment-cash flow
sensitivity during recessions. Business cycle behaviorashdlow sensitivity of in-
vestment provides additional support to the argument thah@ial constraints are an
important determinant of firm dynamics.

Overall, | propose a model that is sufficient to replicaterttagor empirical evidence
on the influence of financial constraints on corporate imaest. There are several
promising directions in which this model can be extendedowhg borrowing and
financial slack simultaneously, one can study the cash nesneigt implications of
financing constraints in more detail. Finally, it is impartdo find out whether the
gualitative results of this chapter go through when firmsalawed to have costly

equity financing and/or risky debt.
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1.7 Appendix

1.7.1 Numerical Solution Method

| use value function iteration procedure to solve the irdinal firm’s problem. Opti-
mal value function and policy function are solved on a gricevehthe state space for
(k,b,x,z) is discrete. Piecewise linear interpolationsedito calculate the optimal in-
vestment, debt values and firm value that do not lie on the grlte grid for capital
stock is created following the method used by McGrattan 9).98he grid is defined by
the formulak; = k_; + a(exp(b(i — 2))) where i is the index of grid points. Coefficients
a and b are selected to provide 50 grid points between thevat®, k]. As in Gomes
(2001),k is defined ast(k, X, 2) — 6k = 0. Given the form of the profit functiork is
well defined. Any k greater thakis not economically profitable. The benefit of the
recursive construction of the capital stock grid pointsasihg more grid points closer
to the lower bound of k where the production function has figaést curvature.

The state space for b is more complicated, because debhtssisarestricted by the
collateral constraint, which in turn depends on the levelagfital stock. The state space
for b is specified by choosing feasible points that satistya¢ign (12) for each element
of the state space k. Since next period capital stock k' isehdrom a compact set
defined above, debt level is bounded above also. | set the lnovand of borrowing to
be -2 and on account of the cost of holding cash; it appears gufficient given that
there is no optimal debt rule chosen at the lower boundary.

The state variables x and z are transformed into discrete with the method de-
scribed in Rouwenhorst (1995), which can calibrate an ex@hgpersistent AR(1) pro-
cess that Tauchen and Hussey (1991) cannot handle. | used pagnts for x and 3

grid points for z. All the results are robust to finer grid @sin
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1.7.2 Tables and Figures
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Table 1.1: Parameter Values
This table lists the key benchmark parameter values usealt® nd simulate the model. The

parameters are either estimates from empirical studiesldirated to match a set of key moments in
the model to the U.S. data.

Parameter Value
Capital Share a 0.3
Depreciation Rate 6 | 001
Adjustment Cost 0 15

Persistence of Aggregate Productivity Shock ox | 0.983

Conditional Volatility of Aggregate Productivity Shock o | 0.0023
Persistence of Idiosyncratic Productivity Shock | p, | 0.96
Conditional Volatility of Idiosyncratic Productivity Sh&kc o, | 0.1

Pricing Kernel Parameters B | 0994
Yo S0
v1 | —1000
Cost of holding cash x | 0.05
Fixed Cost of Production f | 0.025
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Table 1.2: Simulated Moments

This table reports a set of moments generated under the ipanklparameters in Table 1.1. The data
source for moments of real interest rate is Campbell, Lo aratHKihlay (1997), for the debt-asset
ratio is Hennessy and Whited (2006), for cash holding-asdit is Almeida, Campello and Weisbach
(2005), for the rate of investment Livdan, Li and Zhang (20@&&d for the rate of disinvestment is Abel

and Eberly (2001).

Unconditional Moment Constrained Model | Data
Average annual Sharpe ratio 0.42 0.43
Average annual interest rate 0.0174 0.018

Annual volatility of real interest rate 0.027 0.03
Annual average rate of investment 0.15 0.13
Annual average rate of disinvestment 0.04 0.02
Annual volatility of investment rate 0.096 0.07
Average debt-asset ratio (net of cash) 0.26 0.3
Average cash holding-asset ratio 0.12 0.15
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Table 1.3: Means and Correlations
This table reports the means and correlation coefficiemsépital stockK;;, beginning of period
Tobin’s q,Q; -1, cash flowsCF;;, investmentd; ;, dividendsD;, debt issues; ;, and finally the produc-
tivity shocksx; andz ;. Cash flow, investment, dividend and debt variables areddal the capital level.

Kit Qit-1 CK'?t’t |I<I_|tt % B'K—tf X Zt
Means 096 | 288 | 036 | 015 | 029 | 0.16 | —2.90| 0.04
Correlations:
Ki 1.00
Qit1 -0.1 | 1.00
S 015 | 0.49 | 1.00
}'<— ~022| 041 | 031 | 100
5— 0.02 | 008 | 055 | —0.08| 1.00
BK— ~0.30| -0.18 | —0.46 | 0.13 | -0.36| 1.00
X, 034 | 054 | -0.02| 023 | -0.32| 001 | 1.00
Z 030 | 042 | 084 | 025 | 0.34 | -0.34 | —0.01 | 1.00
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Table 1.4: Simulated Investment-Cash Flow Sensitivities
This table reports the results of the cross sectional regmes of the monthly investment rates,
(lir)/(Kiy), on the firm fixed effects, beginning of period Tobin’s@,_1, and the cash flow scaled by
the capital level, CFi;)/(Ki:). Panels A through J report the coefficient estimates andts-f the
regressions that use different criteria to identify therdegf financing constraints.

Qit-1 )it Qs D)
Panel A : High Retention Group Panel B : Low Retention Group

0.0012 02261 00091 00361
(61.66) (6795) (21528) (2528)
Panel C : Low Cash Flow Group Panel D : High Cash Flow Group

0.0035 02034 00084 00409
(56.52) (5164) (21689) (2315)
Panel E : Small Firm Size Group Panel F : Large Firm Size Group

0.0039 01559 00083 00287
(59.38) (5211) (21227) (1800)
Panel G : Low Unutilized Credit Group Panel H :High Unutiliz€redit Group

0.0272 00399 00048 01395
(26.79) (2232) (14210) (7500)
Panel | : Constrained Model Group Panel J :UnConstrainedeé\/Gdoup

0.0041 013 003 004
(12012) (5421) (21032) (5154)
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Table 1.5: Empirical Investment-Cash Flow Sensitivities

This table reports the coefficient estimates and t-statshefitvestment regressions presented by

Fazzari, Hubbard, and Peterson (1988), Allayannis and khozm (2001), Gertler, and Gilchrist and
Himmelberg (1995), Kaplan and Zingales (1997), and Moy@d42. (i:/(Ki:) represents investment
rate, Q-1 the beginning of period Tobin’s g, andCk;;)/(Ki;) the cash flow scaled by the capital

level. Panels A through J report the coefficient estimatelsstemdard errors of the regressions that use

different criteria to identify the degree of financing coasits.

Qi1 ()it Qi (55)ie
Fazzari, Hubbard, and Peterson (1998):

Panel A : Most Constrained Panel B : Least Constrained

0.0008 0461 Q0020 00230
(0.0004) (0027) (Q0003) (0010)
Allayannis and Mozumdar (2001):

Panel C : Financially Constrained Panel D : Not Financialbn&trained

0.058 Q0355 Q054 Q151
(0.009) (Q015) (Q008) (Q013)
Gilchrist and Himmelberg (1995):

Panel E : Small Firm Panel F : Large Firm

0.0056 0203 Q027 Q124
(0.02) (0045) (Q013) (Q043)
Kaplan and Zinglades (1997):

Panel G : Likely Constrained Panel H :Never Constrained

0.070 Q340 Q009 Q702
(0.018) (Q042) (Q006) (Q041)
Moyen(2004):

Panel | : Financing Constraints Panel J :No Constraints

—-0.042 0592 -0.031 1221
(0.001) (Q005) (0023) (Q023)
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Table 1.6: Simulated Investment-Cash Flow Sensitivitieslikng Negative Cash

Flow Observations

This table reports the results of the cross sectional regmes of the monthly investment ratek, ((Ki ),

on the firm fixed effects, beginning of period Tobin's@,:-1, and the cash flow scaled by the capital
level, CF;})/(Ki ). Panels A through J reports the coefficient estimates atats-of the regressions that

use different criteria to identify the degree of financingsmaints.

Qit-1 )it Quit )i
Panel A : High Retention Group Panel B : Low Retention Group

0.0029 04183 00047 009
(38.86) (7946) (15528) (6Q90)
Panel C : Low Cash Flow Group Panel D : High Cash Flow Group

0.0039 03986 00051 0063
(50.41) (5083) (11668) (2298)
Panel E : Small Firm Size Group Panel F : Large Firm Size Group

0.0037 01945 00085 0019
(56.55) (5464) (22321) (409)
Panel G : Low Unutilized Credit Group Panel H :High Unutiliz€redit Group

0.0212 056 0004 Q1057
(1334) (3416) (16275) (7377)
Panel | : Constrained Model Group Panel J :UnConstrainedeViadoup

0.0048 015 001 0025
(12812) (6473) (28095) (5864)
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Table 1.7: Simulated Cash Flow Sensitivity of Cash
This table reports the results of the cross sectional regmes of the monthly change in cash holdings,
(%Oldmgs)i,t, on the firm fixed effects, Tobin’s )i, the cash flow scaled by the capital level, and
firm size, Ki;. Top panel reports the simulated data results. The bottamelpgaports results from
Almeida, Campello and Weisbach (2006).

Smulated Data

Qi (55 Kit
Constrained Firm

—-0.003 Q094 Q0027
(-7361) (11462) (4391)
UnConstrained Firm

0.0002 -0.006 -0.0012
(4571) 21) (-1.22)

Empirical Data

Qi (55)ia Ki.t
Constrained Firm

0.0029 00593 00019
(241) (453) (061)
UnConstrained Firm

0.0001 -0.0074 00001
(0.01) (-0.28) (Q05)
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Table 1.8: Macroeconomic Dynamcis
This table reports the results of the cross sectional regmes of the monthly investment rates,
lit/Kit, on the firm fixed effects, beginning of period Tobin's @1, the cash flow scaled by
the capital level CFi;/K;;, the cash flow interacted with a dummy variable that equaés during

recessionsly; « CFi:)/(Ki:) and the cash flow interacted with a dummy variable that ecoreé during
booms, Dtb % CFi,t)/(Ki,t)-

Qit-1 (%)i,t D{ * (C—K':)i,t DP * (%)i,t
0.0048 01303 -0.018 Q0244
(11392) (5118) (-6.5910) (1504)
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Figure 1.1: Investment Capital Ratio and Aggregate Shocks
This figure plots optimal investment capital ratios of coaisted and unconstrained firms as a function
of capital stock under different aggregate shocks.
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Figure 1.2: Investment Capital Ratio and Idiosyncratic Skock
This figure plots optimal investment capital ratios of coaisted and unconstrained firms as a function
of capital stock under different idiosyncratic shocks.
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Figure 1.3: Investment Capital Ratios Under Stochastic \ée@anstant Discount Rate
Assumptions

This figure plots investment capital ratios produced by tsitic discount rate model and constant
discount rate model as a function of capital stock undeedffit aggregate and idiosyncratic shocks.
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Figure 1.4: Borrowing Policy of an Unleveraged Firm
This figure plots optimal borrowing policy of an unleveradech as a function of capital stock under
different aggregate and idiosyncratic shocks.
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Figure 1.5: Borrowing Policy of a Leveraged Firm B=0.34
This figure plots optimal borrowing policy of a leveraged fiam a function of capital stock under
different aggregate and idiosyncratic shocks.
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Figure 1.6: Investment Capital Ratio of a Leveraged Firm B=0.34
This figure plots investment capital ratio of a leveraged fisva function of capital stock under different
aggregate and idiosyncratic shocks.
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Figure 1.7: Borrowing Limit
This figure plotsBi.1/((1 — 6)Ki+1) as a function of capital stock under different aggregatd an
idiosyncratic shocks.
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Figure 1.8: Investment Capital Ratio with Slack
The impact of aggregate and idiosyncratic shocks on thengptnvestment rates of the constrained firm
and the unconstrained firm as a function of financial slacknithe capital level is low (k= 0.09).
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Figure 1.9: Size distribution of the simulated firms.
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Figure 1.10: Investment-Cash Flow and Dividend-Cash FlowtRels
This figure graphs the average investment and dividend edtespresentative cash flow realizations.
The simulated sample from the constrained model is sortéud nespect to cash flow realizations and
then divided into 20 groups. For each group of the average ftas realizations, average investment
rate and dividend rate are computed.
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Chapter 2

Effects of Financing Constraints on

Cross-Section of Stock Returns

2.1 Introduction

In the last two decades, financial economists have docuhembeinting evidence on
the size premium for smaller companies and value premiunhifgr book-to-market
equity companies. Starting with Banz (1981) and Reinganur@1(jl& large body of
literature on size premium reported a negative relatiomeeh a firm’'s market cap-
italization and its stock performance. The notion of valuengmium is emerged from
Fama and French (1992) and Lakonishok, Schleifer and Vigh894) who showed
that firms with typical value characteristics such as lowkatto-book equity have a
tendency to outperform growth stocks, with high markebtmk equity. Some other
studies that report return premia for value firms are DeBondtTEhaler (1985, 1987),
Fama and French (1995, 1996, 1998), Jaffe Keim and Weste(fi®B9), and Davis,
Fama and French (2000). Based on the empirical evidence iecalaimed that a zero
net investment strategy such as short-selling growth staokl buying value stocks will
produce positive returns.

Although the existences of the value and size premiums amsid®ered to be an
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empirical fact, there is an ongoing debate on their sourEasna and French (1992)
regard the value premium as a reward for systematic risk enctintext of a linear
multifactor model. In addition, Fama and French (1995) shioat there is a book-
to-market factor in fundamentals such as earnings and. Jaéesa and French (1996)
argue that the value premium is related to firm leverage, hvban be considered as a
proxy for financial distress. On the size premium side, CharnGiren (1991) show that
small stocks with a high book-to-market ratios are firms teaently have performed
poorly and are vulnerable to financial distress.

Alternatively, some researchers have attributed the gbdesize and value effect to
investor overreaction, lack of efficient pricing abilitydadata-snooping biases; see for
example Lakonishok, Schleifer and Vishny (1994), HaugemhBaker (1996), and Lo
and Mackinlay (1990).

This chapter develops a structural model of firm behavioddrass the issues re-
garding the risk premia in the cross-section. | analyzertitezally firms’ market equity,
book-to-market, beta and expected return charactermssiégnctions of state variables
such as capital stock, current debt and productivity shasksy the neoclassical frame-
work of optimal investment (Abel and Eberly (1994, 1996)jpeSifically, | develop a
partial equilibrium model where heterogeneous firms makemnal financing and in-
vestment decisions under aggregate and firm-specific @mggrt The model has two
distinctive features. First, firms’ only source of exterfiabnce is debt secured by
their collateral assets. Second, discount rate is speafistbchastic discount rate with
time-varying price of risk.

| solve the dynamic investment problem and then study theceffof the financing
constraints on risk and expected returns using calibrat@hsimulation exercises. The
model has several important implications: (i) Financingsteaints and financial lever-
age reduce firms’ values and enhance book-to-market rdtip#s firm that is more
likely to be bounded with financing constraints, i.e. a firnthdow capital stock and/or

high financial leverage and/or low firm-level productiviéarns higher equity return.
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Intuitively, under limited financing opportunities, corahed firms’ capacity to in-
vest and future prospects are weaker than those of uncmestrrms. Hence, financ-
ing constraints lead to lower firm values and higher bookatirket equity ratios. The
extent of these effects depends on the likelihood of futunelibg constraints. Due
to the lower firm value and inferior future prospects, a firmttis more likely to be
constrained in the future carries a higher risk of liquidatand earns higher returns.

Financial constraints are more restrictive for a firm withl@w capital stock (ii)
relatively high current debt, (iii) low firm-specific prodingty due to the following
reasons. Collateral limit is an increasing function of castock; therefore lower cap-
ital stock leads to lower debt capacity. Given that small $irane very productive,
their investment demands are high but their internal fumddebt capacities are low.
As a result, small firms are more financially constrained.eaged firms, on the other
hand, cannot scale down without increasing the likelihdddjaidation under low pro-
ductivity shocks. While a risk-averse firm tries to avoid viiky, higher current debt
elevates the expected volatility of profits, raises theilked of getting constrained in
the future, and accordingly, boosts the liquidation presskinally, current cash flow
and investment demand are both functions of firm-specifidyctvity but cash flow
is more sensitive to firm-specific productivity relative tw@éstment demand so the gap
between internal funds and investment demand increases lovd firm-level produc-
tivity. Hence, firms with low firm-level productivity are metikely to be constrained.

The link between financial constraints and aggregate ptaayds more compli-
cated and crucial for the rest of the analysis. The stoahd&count rate is a negative
function of aggregate productivity. As future looks glo@mithe price of risk increases
and firms discount future value more heavily. As a resulthlsash flow and investment
demand diminish. The main findings show that unless a smaildiperiences a bad
firm-level productivity shock, the impact of lower investmelemand dominates the
impact of lower internal funds and the firm ends up being lesiially constrained

and less risky. However, financial constraints are mordylit@ be binding for small
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firms that experience low aggregate shock on the top of lowienral productivity. The
underlying reason is the persistency of productivity sisogid liquidation risk. The
severe decline in current cash flow pushes the firm down toidhelhtion boundary,
where internal fund is inadequate to cover the fixed cost aftemn exhausting the debt
capacity. To prevent liquidation, small firms borrow andesivat the limits to move
away from liquidation boundary even though the capital iy weproductive. Briefly,
likelihood of binding financing constraints and risk areatetl negatively with aggre-
gate shocks for small, unproductive firms but they are peaditirelated to aggregate
shocks for the rest of the firms.

In the view of these quantative properties of the model, éstigate the extent to
which the simulated data can explain documented crosg@eatasset price anomalies.
The main findings are (i) Small firm and value firm produced nrefiare superior to
those generated by large firms and growth firms, respecti@iglBoth book-to-market
equity and size are associated with persistent differenga®fitability, such that small
(value) stocks earn persistently lower returns on equiy thig (growth) stocks; (iii)
Small (value) stocks persistently have a tendency to holtd ddereas big (growth)
stocks have a tendency to hold cash; (iv) Size and value pragiare counter-cyclical.
Basically, the results of my theoretical model are inlinehvilie previously discussed
empirical findings and they support the argument that sizkaiue premiums are
rewards for holding stocks of firms under relative distress.

The intuition behind cross-sectional properties is shiggward given the quan-
tative properties discussed above. Firms with low progtitgtihigh leverage and/or
large capital stock have high book-to-market ratios in tlegleh. The first two types of
value firms are more likely to be constrained so they areivelgtdistressed. As noted
before, firms that are more likely to be constrained are msky and earn higher re-
turns. Although the last type of value firms, the large firmnas very risky, the first
two types of firms dominate the value group in the simulatidda average, the high

book-to-market firms are riskier than low book-to-markehfrand they earn a positive
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return premia for the risk spread.

Another implication of the model is the persistent spreasivben the profitability
of value firms and growth firms. In my model, precautionary iuest promote cash
holding as a buffer against future contingencies if the traimged firm starts a period
with zero debt or positive slack. An initially unleveragedrfichooses to borrow if
and only if it is an unproductive small firm. In addition, theld policy implied by the
model is pretty persistent. In other words, unproductivalswalue firms, whose book-
to-market ratios are already high, choose to borrow anditiasicing policy enhances
their book-to-market ratio even further. For 11 years adothe portfolio formation
period, on average, value firms hold positive debt whereastgrfirms hold cash. The
persistency of value and growth firms’ debt policies leadni® persistent dispersion
between their profitabilities.

Similarly, firms with low capital stocks, low productiviseand relatively high fi-
nancial leverages have low firm values. With the same intuidiescribed above, small
firms are relatively distressed and earn a risk premia owgffibns. Also, they are
persistently leveraged on average and have lower profttabdmpared to big firms.

Financing constraints are the main driving forces of theeg@remium in the model.
Both small firm effect and book-to-market effect are amplifieaier the constrained
model because liquidation risk is higher when there is hfinancing. Incorporating
the financing constraints into a neoclassical frameworkptingal investment model
to analyze the theoretical effects of financing constrammntsisk and expected returns
is the main contribution of this thesis. The dynamic featfréhe model, in addition
to financing constraints, brings about the precautionartive® of the forward look-
ing firms and impacts constrained firms’ financing decisiams their risk and return
structures even further. For example, although some fialintiealthy, less distressed
firms cannot reach to the unconstrained investment lewvey, $hll avoid debt in antic-
ipation of future contingencies and they end up earning t@gelity returns than their

unconstrained counterparts.
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The stochastic discount rate with time-varying price ok ssumption facilitates
studying the cyclical behavior of the risk and expectedrretu For example, the risk
spread between value and growth firms are counter-cyclictié model. For a dis-
tressed value firm, current cash flow is vital for survival. elxo higher productivity
and lower interest rates, cash flow improves under betten@uom shocks and risk
level drops. A growth firm, on the other hand, is more riskyemuktter conditions be-
cause, as noted above, the gap between investment demamdeandl fund increases
with aggregate shocks. Therefore, the risk and return dpiieatween value and growth
firms are counter-cyclical.

Moreover, under time-varying price of risk assumption, riin@del produces higher
value and size premiums relative to constant price of riskiaption. The model with
counter-cyclical price of risk discounts future more hgain bad times compared to
a model with constant price of risk. With lower continuatmvalue, a firm’s propensity
to disinvest will be higher in bad times. However, firms widtatively high financial
leverage cannot scale down without increasing the likelthof liquidation and con-
sequently they became more risky and earn higher returdsig#o higher value and
size premiums in bad times under counter-cyclical pricasif assumption compared
to the constant price of risk assumption.

The findings of the chapter are consistent with the empigealence provided by
Fama and French (1992, 1995) and Chan and Chen (1991). Due maifigacon-
straints, value firms and small firms are relatively more fonalfy distressed and the
financial distress risk expands during economic recessaadscontracts during eco-
nomic booms. As a result, financial distress is a systemiagticfactor, and value and
small firms that face financial distress risk earn higherrstuThese results show that
the so called cross-sectional anomalies are indeed censigith rational expectations.

This chapter sits at the intersection of two lines of redear€he first line is a
new and growing line of research, pioneered by Berk, GreenNaikl (1999), that

provides rational explanations for value premium based mimal firm-level invest-
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ment decisions. Berk et al. (1999) show that the relative atetd growth options
versus assets-in-place captures the size effect in expestierns while the systematic
risk in assets-in-place is linked to the book-to-marke¢@fin a dynamic real options
model. Building on the work of Berk et al. (1999), a series ofgyasuch as Gomes,
Kogan and Zhang (2003), Carlson, Fisher and Giammarino (2@@4 Zhang (2005)
relate stock return dynamics to firms’ real investment dens&s Gomes, Kogan, and
Zhang (2003) extend the work of Berk et al. (1999) to a geneyailierium model and
show that expected returns and firm characteristics artecethrough beta. Carlson,
Fisher, and Giammarino (2004) argue that a monopolisticdidynamic investment
model with operating leverage and finite growth opportesittan produce asset betas
containing time-varying size and book-to-market compdsefinally, Zhang (2005)
incorporates asymmetric adjustment costs into industmlieggum model and shows
that value firms with excessive unproductive capital cagd@ve more difficulty than
growth firms in scaling down their capital stocks especidilying economic downturns
and hence earn higher risk premiums.

Although, all these studies provide an economic rationatde relationship be-
tween expected returns and firm characteristics, they aayd on all-equity financed
firms and none of them explicitly model financial leverage. Mgsis is substantially
different from all those above because | introduce finareiarage into the produc-
tion model to capture the effect of financial distress on s#section of stock returns.
The significance of financial leverage is also validated hyeoecent empirical re-
search. The studies such as Griffin and Lemmon (2002) ancéMasand Xing (2004)
show that cross-sectional features of stock returns, ssitiessize and book-to-market
effects, are much stronger for firms with high financial leggr and hence with low
credit quality. Basically, Griffin and Lemmon (2002) provideidence that the value
premium is most significant among firms with high probalabtiof financial distress,
and Vassalou and Xing (2004) demonstrate that both size aoktHo-market effects

are concentrated in high default risk firms. This chapt@sttd provide a theoretical
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foundation to the documented effect of financial distrescmmss-sectional risk and
return by incorporating financial constraints into a nessileal framework of optimal
investment with debt financing.

This chapter is also related to a second line of researchd#as with credit mar-
kets and frictions. Some theoretical studies such as &tigihd Weiss (1981), Myers
and Majluf (1984), and Hart and Moore (1998) suggest thairmational asymme-
tries, costly monitoring and contract enforcement prolsidead to imperfect substi-
tutability between internal and external funds and resulinancing frictions that limit
firms’ access to external financing. These studies claimuhatailability of external
funds is more relevant than higher cost of external fundsmitihg firms’ investments.
The theoretical claim is also supported by empirical litera by Kashyap, Stein, and
Wilcox (1993), Kashyap, Lamont, and Stein (1994) and Peteend Rajan (1994,
1995). Some recent papers like Kiyotaki and Moore (1997)n€® (2001), Cooley
and Quadrini (2001) and Cooley, Marimon and Quadrini (20@3Jl\s models of in-
dustry equilibrium where a fraction of heterogeneous firnestmunded with quantity
constraints. These papers show that financing imperfecitam explain some styl-
ized facts about aggregate output and industry dynamiesgikwth and investment.
This chapter takes the results of these studies as evideatrancing imperfections
like credit constraints can facilitate understanding egseing dynamics as well since
investment policies and other firm dynamics will be refledtestock prices. Accord-
ingly, | focus on the effects of financing imperfections oass-section of returns rather
in a partial equilibrium model with time-varying price oK.

As a final point, Gomes, Yaron and Zhang (2006) adopt a sirap@roach to this
chapter, and investigate whether financing constraintgjaamtatively important for
the cross-section of returns. Using GMM to estimate thehstsiic investment Eu-
ler equation imposed on stock returns, they argue that tleeafofinancing frictions
in explaining the cross-sectional returns is insignificamiess the effect of financing

constraints is pro-cyclical. The main difference betwega models is the nature of
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financing constraints. While Gomes et al. (2006) formulizariring constraint as
cost constraint; in this thesis, following the extensivedit rationing literature, it is
assumed that firms face quantity constraints. Accordingeaaésults implied by quan-
tity constraint, financing frictions are significant in ealing cross-section of stock
returns. Besides, the cyclicality of financing constraiatsndogenously determined in
the model and depends on firm-specific variables. For exarfgidigger firms, the
total effect of financing constraints is indeed pro-cydlimat for smaller unproductive
firms and/or leveraged firms the effect is counter-cyclical.

The chapter is organized as follows. Section 2.2 illussraéibe theoretical model.
Section 2.3 describes the calibration methodology. Seid presents the quantitative
properties of the model. Section 2.5 presents the empingalication of the model.

Section 2.6 concludes.

2.2 Model

In this chapter, | use the same neoclassical investmentirtiates presented in section
1.2. For the sake of completeness, | briefly outline the firdysamic maximixation
problem in this section.

If the value of the firm at time tis denoted g, b, X, z) then the dynamic problem

the firm facing is :

V(ki, b, X, ) = (X e ¥ Abgy = rab = L,a<bfx — it — hin k) - f+ (2.1)

+1,Mt+1,

f f Mes V(K 1, Doz X1, Zi2) X Q(@%ee2/%) X Q(lzes1/2),

subject to

dt = yt + Ab[+1 - rt_]_bt - 1(bt+1<0)btz+l)( - it — h(it, k[) - f (22)

yt = Xt+ztk?’ (23)
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Abt+1 = bt+1 - bt (24)

= ket - (L O 25)
NG k) = 3% (26)

(L +r)ba < Kea(1-6) (2.7)
d>0 2.8)

where K is capital stock, b is debt holding, f is fixed prodoctcost, x and z are aggre-
gate and idisyncratic productivity shocks, respectivelys the capital sharej is the
depreciation ratey is the cost of holding cash amds the adjustment cost parameter.

Both x; andz follow stationary autoregressive stochastic processts;wi

X1 = )_((1 - px) + pxX + o-Xet):.la (29)

41 = pz4 + O'zftz+1a (210)

wheree ; ande;,, are IID standard normal shocks for &l @, p, andp, are persistence
measuresg™ and o* are conditional volatilities and is average productivity level.
Q(X+1/%), andQ(z.1/z) are Markov transition matrixes of andz, respectively.

Finally, the pricing kernel is formulazed as:

logMts1 = 1098 + y1(X — Xer1) (2.11)

Yt = Yo+ y1(% — X), (2.12)

where M, ; denotes the stochastic discount factor from time t to t+1hndB > O,

vo > 0, andy; < 0 are constant parameters.
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2.3 Calibration

As mentioned in Chapter 1, a closed form solution for the madels not exist so |
calibrate the model and solve it using numerical methods. CRtibration and numeri-
cal solution are based on the work presented in sectionstl.3.d.1. The calibration

parameters are presented in Table 1.1.

2.4 Qualitative Properties

| start by analyzing the properties of firm characteristmsch as firm value, book-
to-market equity, beta and expected return. For compagswposes, | will present
the key properties of both the constrained and unconstidines. Understanding
how model behaves without financing constraints serves asuaah starting point to
evaluate the effects of financing constraints. The firm attaratics are analyzed as a
function of three state variables: aggregate productshiyck x, idiosyncratic shock z,
and firm capital level k. The fourth state variable, debt ldyes set to be 0, unless
stated otherwise. Through out the analysis, to study tleeesfiof two of the variables,

the third one is set at its long-run average level.

2.4.1 Value Function

| first consider the behavior of value function. Figure 2.pidts the firm value, v, as a
function of aggregate productivity shock X, idiosyncratimck z, and firm capital level
K.

First, notice that financing constraints reduce firm valgmisicantly. Unlimited
financing capability gives the unconstrained firm an edgenwestment. Effectively,
when unconstrained firm’s cash flow is low, it can still reaishfirst best level of in-
vestment using costless, unlimited external financingaytsmegative dividend which

is equivalent to equity financing. Financing constraintstlee other hand, have an in-
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direct effect on small constrained firm’s investment ratertwing rate and value. As
noted in the first chapter, Figures 1.1 and 1.4 illustrate th@eneral, an unconstrained
firm’s investment rate is higher than that of a constrained &nd yet, the constrained
firm does not utilize its borrowing capacity. The indirecteet is attributable to the
positive probability of a series of bad shocks in the futufée intuition behind this
is the following. Although small unlevered firms cannot feanconstrained levels of
investment, as in Figure 1.4, they still do not borrow up &irthimits to increase their
investment rates. A higher borrowing level translates higher level of production,
which implies higher expected profits and higher volatibfyprofits. Due to the pos-
itive probability of a series of future bad shocks and thelllilood of being bounded
by financing constraints in the future, the risk-averse tooMooking constrained firm
reduces the expected volatility of its profit via lower errfinancing and lower in-
vestment rates, which result in a lower firm value.

Figure 2.1 shows that the spread between constrained andsirgined firm values
is higher for small firms with lower idiosyncratic produdtivshock z even though the
constrained investment rate actually exceeds its unainett equivalent. This is again
intuitive, because under the bad shock, the firm that is ¢#®e liquidation boundary
borrows up to the limit and increases its investment rate ashnas possible to move
away from the boundary. In that case, even though, the imezdtrate actually exceeds
that of its unconstrained equivalent, it’s firm value dropbstantially. The persistency
of idiosyncratic shocks and high probability of future lidation dampen the expected
future value of the constrained firm, and accordingly, aurk@alue of the constrained
firm shrinks. To sum up, a constrained firm’s value is lowenthaimilar unconstrained
firm’s value because the constrained firm either cannot rdaebptimum investment
level of its unconstrained counterpart or it has a lowerriekpected value.

Second, the value function v is increasing and concave iitatdpvel k for both
constrained and unconstrained firms. When idiosyncratickshs fixed at its long run

average levet, as a result of the decreasing return to scale feature oéttmblogy, v
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has a steeper slope for lower values of capital. In other syanahaller firms have more
growth opportunities. The same logic applies to unconstchifirms when aggregate
productivity shock x is set to b& and v is analyzed as a function of k and z. A
comparison of bottom plots of Figure 2.1 indicates that far@nconstraints work to
reduce the slope of v for very low values of capital under loabsiyncratic shocks. The
reason is the following. The conditional volatility of z iarger than the conditional
volatility of x, therefore cash flow of a firm is more sensitigcechanges in z. When
a negative z hits an extraordinarily small firm, firm’s cashvflirops substantially and
the borrowing constraint binds. As a result, cash flow camower the fixed cost f
and the firm gets liquidated. A firm that is close to the liqtiola boundary faces a
high probability of getting bounded by the financing constiaand getting liquidated.
Hence, the value of a small constrained firm that is close&ditjuidation boundary
is very low and the slope of v is almost flat for extraordinasmall firms that face a
negative idiosyncratic shock z.

Finally, the value function v is increasing both in aggregand idiosyncratic pro-
ductivity shocks. This pattern is also noticeable in Fig2ui2 which illustrates value
function of constrained and unconstrained firms for diffeéreapital levels. In both
Figures 2.1 and 2.2, sensitivity of unconstrained firm’siealith respect to aggregate
shock x is higher than that with respect to idiosyncraticcéto This result stems from
counter-cyclical feature of the discount factor. While bathnd z affect firms’ pro-
ductivity levels through cash flows, only x has a direct dffat discount rates. Thus,
a change in x has an impact on expected next period firm \&lid;,1V;.1] through
M, 1. In particular, an increase i increase€[M,,,], and hence raises the continua-
tion value of the firm and vice versa. The sensitivity of a ¢m@ised large firm is close
to the sensitivity of its unconstrained counterpart. Thesom is the following. Di-
minishing marginal return assumption induces lower maigmoductivity for higher
levels of capital. In addition, the cash flow is positivellated to the capital level. Due

to lower investment demand and higher internal funds, thereal financing demand
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of a large firm is low. Besides, the collateral limit definedhe tonstrained model is
positively related to the capital level so larger firms ateve¢éd to borrow more even
though they need less debt financing. Consequently, comsttdirms with large cap-
ital stocks can act more like unconstrained firms and théiregaare more sensitive to
aggregate shock x compared to idiosyncratic shock z.

According to the lower plots in Figure 2.1, however, under tbnstrained model,
the value of an extraordinarily small firm is more sensitigeidiosyncratic shock z
compared to aggregate shock x. The same trend can be obseRigdre 2.2 as well.
Since there is a fixed production cost in the model, such a froonsidered as finan-
cially distressed and the level of current cash flow is cidoiaits survival. Consistent
with the data, the volatility of idiosyncratic shock z is hey compared to aggregate
shock x so sensitivity of cash flow with respect to idiosyticrahock z is higher than
that of aggregate shock x. To sum up, high sensitivity of fomty distressed firms’

values to idiosyncratic shock z can be attributed to the bagiditional volatility of z.

2.4.2 Tobin's Q

Next, | consider Tobin’s Q, which is the market value of egulividend by the book
value of equity. Tobin’s Q has received much attention inehwpirical literature as
a popular proxy of growth opportunities. Figure 2.3 revehtsrelationship between
Tobin’s Q and aggregate productivity shock x, idiosyneratiock z, and firm capital
level k.

Tobin’s Q follows a similar pattern with the firm value furmtiv. In general, firm-
level Tobin’s Q, TQ, is decreasing in capital level k and eaging in idiosyncratic
shock z. However, the relationship between TQ and z for atcained firm is reversed
for lower capital levels under a negative idiosyncraticdhds explained above, a dis-
tressed firm that is close to the liquidation boundary facesgla probability of getting

bounded by the financing constraints and getting liquidat&dnsistent with Figure
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2.3, under a negative idiosyncratic shock, growth optiaresrent valuable much for
distressed firms. In addition, consistent with Figure 2etel of Tobin’s Q of a con-

strained firm is significantly lower than that of an unconsied firm. Since financing

constraints dampen a firm value through direct and indirféets described above, TQ
is also lower for firms facing financing constraints.

Figure 2.4 plots Tobin’s Q of a constrained firm that is finaheeth debt. Ac-
cording to the figure, debt financing reduces TQ consideralitys result stems from
the relationship between debt financing b, and firm value wwAdave seen in equa-
tion 1.17,b, andv; are inversely related. Debt financing reduces firm valuectlye
through current interest payments, and indirectly thraugher expected profit volatil-
ity. Higher volatility of expected profits raises the probiépof binding future financ-
ing constraints and liquidation, and therefore expectédréuvalue of the firm drops.
In turn, growth opportunities and TQ are also reduced.

Overall, my model predicts that financing constraints reduen value, investment
rate and Tobin’s Q, and the magnitude of these effects deesda the capital level k,

idiosyncratic shock z and aggregate shock x, and increasiebi b.

2.4.3 Book-to-Market

Figure 2.5 depicts the constrained and unconstrained fisowk-to-market ratios with
respect to aggregate productivity shock x, and idiosyrcediock z for different cap-
ital levels. Book-to-market equity, the reciprocal of Tdbi, is commonly used in
asset pricing literature to predict expected returns. Qnlesowell-established features
of financial data is the fact that firms with high book-to-netrkequity that are com-
monly referred as value firms tend to consistently delivghbr returns than firms with
low book-to-market equity that are referred as growth firldsaumber of interesting
patterns emerge from plots.

First of all, the value spread, defined as the dispersion ok{io-market between

value and growth firms is higher for lower levels of capitak éapital level rises, the

76



probability of financial distress decreases and in retim@yalue spread shrinks.

Second, Figure 2.5 shows that idiosyncratic productivityck z is the main source
of the value spread, controlling for size. Book-to-marketiiggis a non-increasing
function of idiosyncratic shock z, controlling for size atebt level. For a given point
of time, among firms with the same capital and debt levels,sfithat face positive
idiosyncratic shocks have lower book-to-market equity parad to the ones that face
negative idiosyncratic shocks.

Finally, the value spread is higher in recessions (low x) that in expansions (high
X) but the difference is less pronounced for small consgé@iirms. As discussed above
for unconstrained firms and constrained big firms, the firnieal is more sensitive to
aggregate shock x since x affects both the current cash flovdseount factoiMy, ;.
As aresult, during an economic boom future prospects gghtar and current idiosyn-
cratic shock z doesn’t have a big impact on book-to-mark& & an unconstrained
firm. However, due to financial constraints, a small consé&difirm relies more heavily
on current cash flow and current cash flow is more sensitivéidgyncratic shock z. In
view of that, even during an economic boom a small constdHiine’s book-to-market

ratio, and accordingly the value spread, relies heavilydarsiyncratic shock z.

2.4.4 Expected Return and Beta

Last of all, | investigate how risk and expected return al&tee to firm characteristics,
within the constrained model. Figures 2.6 through 2.9 depicess returr[RY, ] -1+,
and risk,B;, as functions of capital stock k, borrowing level b, aggtegaroductivity
shock x, and idiosyncratic productivity shock z. These fgunave several important
indications for my inquiry.

To begin with, both the expected excess return and betaakexie capital stock k
and productivity shock z. In other words, in both constrdiaad unconstrained mod-

els, small firms and less productive firms are riskier and bayher expected returns.
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As mentioned in the first chapter, Figure 1.1 indicates thairivestment rates of small
firms respond to cash flow more strongly than those of largesfirin view of that,
when small firms face different productivity shocks theyefdaigher adjustment costs
and their dividends covary more with both aggregate andsyaiioratic shocks. This
means that firms with low book values are more risky and eayindniexpected returns.
The empirical evidence documented by Berk (1996) confirmsiduative correlation
between book value and average returns. In addition, FRydrehows that size effect is
higher for firms with low z than for firms with high z, especyalor constrained firms.
As mentioned before, financial constraints are more likelya binding for small firms
with low z and hence small constrained firms with low idiosytic shock z earn very
high returns. Finally, as shown in Figure 2.6, the size ¢ffecounter-cyclical which
is documented by Lettau and Ludvigson (2001).

Next, Figures 2.6 and 2.8 indicate that whilencreases with aggregate shock x,
expected return decreases with x. This is not a countettir@uwesult considering that
price of risk is counter-cyclical. Expected return is theduct of risk and price of
risk. The model suggests that x ghdre positively correlated. As x increases, both the
internal funds and the expected future value of the firm im®ee Higher expected future
value results in higher investment demand. Since gsks positively correlated with
aggregate shock x, it can be deduced that the increase stingat demand dominates
the increase in internal funds. While the risk is higher, fatlooks brighter after a
good shock x and the price of risk shrinks. Although the fireefaa higher risk, the
price of risk in the economy is lower and the firm ends up eghiwer returns. In
other words, the impact of price of risk on expected returmigates the impact of
risk denoted by and therefore, expected return is negatively correlatéld aggregate
shock x. The only exception to the positive relation betweeand beta is the effect of
aggregate shock on the beta of a small firm that faces negdiogy/ncratic shock z.
When a small firm faces a negative z, the liquidation conceonsighte the investment

motives. Given that a good aggregate shock increases thentwash flow, it takes
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some of the liquidation pressure away and reduces the beta.

Figure 2.8 also shows that risk and return moves togetheerusual idiosyncratic
shock z and this is consistent with the previous argumemingikiat z doesn'’t affect the
price of risk.

Another important point that needs special attention isdiserepancy between
constrained and unconstrained model returns. Both Figérar®l Figure 2.7 show that
in most cases, firms face lower risk and earn lower expectadieunder constrained
model compared to the unconstrained model. This resultsearprising but it is intu-
itive. As discussed earlier, due to the anticipation of Hamtks and possibility of being
constrained in the future, risk-averse firms try to curtad €xpected volatility of prof-
its by reducing their external financing demands and inegdgss in the constrained
model. Therefore, a constrained firm’s future profitabiigyess volatile compared to
that of an unconstrained firm. However, this pattern is bnokben a constrained firm
that is close to the liquidation boundary faces a negatisyohcratic shock. Under the
liquidation risk, survival motives overcome precautignarotives and the constrained
firm borrows up to the limit and boosts its investment. As attary, constrained small
firm’s expected future volatility of profit, and accordinglypected return, exceed those
of the unconstrained firm under a negative z. This result msistent with the predic-
tions of Chan and Chen (1991) and Perez-Quiros and Timmern2@@0) who claim
that due to lower liquidity in tight credit market conditimrrelatively unprofitable firms
earn higher returns.

Finally, | want to point out the impact of financial leverage @onstrained firm’s
expected return. A comparison of Figure 2.8 and Figure M8trates that financial
leverage increases a constrained firm’s risk and expectechreAs discussed earlier,
financial leverage reduces firm value and Tobin’s Q due todrigblatility of profits
and higher likelihood of restricting future financing caastts. As a consequence
of the same rationales, financial leverage boosts the gskimf a constrained firm.

The risk and expected return of the leveraged firm relatedthady with productivity
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shocks x and z.

2.5 Empirical Implications

In this section, | study the time-series and cross-sedtiamalications of the model. |
construct 50 samples of data consisting 280800 firm-month data points. | assume
that all firms are initially identical. | drop the first 60 olvgations to minimize the

effect of a possibly suboptimal starting point.

2.5.1 Time Series

Book-to-market ratio, the reciprocal of Tobin’s Q, is comryoused in asset pricing
literature to predict expected returns. In this sectiosd simulated analysis to examine
the implications of my model for the relation between resusind book-to-market ratio
at the aggregate level both in monthly and annual frequeBpgcifically, | investigate
whether begging of period book-to-market ratio is a goodresbr of end of period
market return in a univariate regression. For ease of casyarl replicate closely
the empirical experiment in Pointiff and Schall (1999). [&aP.1 reports the estimates
derived by regression performed on the simulated data anciiiesponding empirical
regressions of Pointiff and Schall (1999). The simulateth ddatistics are the time
series averages that are averaged across samples.

Table 2.1 shows that the relation between beginning of peaggregate book-to-
market and end of period value-weighted market return isifsdgntly positive, both
in monthly and annual frequency. In section 2.4.4, | argined the expected return is
a decreasing function of aggregate shock x, which is the mhaumng force of time-
series fluctuations at aggregate level. The relation betweek-to-market and x is not
always monotone but Figure 2.5 illustrates that when idiosgtic shock is at its long
run average, 0, book-to-market is also a decreasing fundi. It follows that the

model can generate the direction of the univariate linelatios between the realized
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equity returns and book-to-market ratio, yet it undereates the magnitude of the
slope coefficient. The sensitivity of book-to-market rabaaggregate shock x is lower
compared to its unconstrained model counterpart for smmalkfiwhich may partially

explain the lower slope coefficient.

2.5.2 Cross-Section

This section establishes the key quantative results. kfatainly on the cross-sectional
relations between realized equity returns and firms’ charstics such as size and

book-to-market equity.

The Size and Book-to-Market Effects

Panels A and B of Table 2.2 compare summary statistics of myeinwith those re-
ported in Zhang (2005). Post-ranking average returns andngitional betas for 10
portfolios constructed by one-dimensional sort of stoakbaok-to-market and on size
respectively are computed on the basis of the simulatedipaB®ery panel of data
consist of 2008840 firm-month data points. | repeat the entire simulatiorti®@s
and report the average results of the sorting procedursasimulations. HML and
SMB portfolios are constructed following Fama and Fren®9g).

Panel A of Table 2.2 reports the mean and unconditional hatstics for 10 port-
folios sorted on the book-to-market equity. As it can becexti the model does a good
job in capturing the direction of the historical data. Bothktbrical and simulated data
panels exhibit a positive relation between average retanasbook-to-market equity.
HML return produced by the model appears to be lower thamitsiecal counterpart.
The magnitude of risk and average returns are also loweramtbdel. The reason
behind this is the general tendency to save and play safeeimtidel. As discussed
earlier, borrowing constraints lead to precautionary westj which give rise to lower

investment and external financing rates and accordinglyptaing constraints end up
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depressing the risk and average return levels. In additidhe precautionary motives,
absence of inflation in the model drags down the returns als Whe average return
levels catch up with the historical levels only for the highvo book-to-market port-
folios. The high book-to-market portfolios consist of talaly large firms with high
levels of capital stock and financially distressed firms wetlatively low levels of cap-
ital stock and/or high levels of debt. As discussed in sec®d@, book-to-market, risk
and average return are negatively correlated with capdtaksand positively correlated
with borrowing level. The high risk and return of distres$iechs dominate the lower
risk and average return levels of large, financially heafthms in the high book-to-
market portfolios and in the overall, their portfolio riskdareturns match well with
their empirical equivalents.

Similarly, Panel B of Table 2.2 reports the mean and uncmrdit beta statistics
for 10 portfolios sorted on size, which is defined as the ntavk&ie of the equity.
The empirical findings show that average return and markeewaf equity exhibit a
negative relation. Thus, small firms on average appear toreare than large firms. In
section 2.4.4, it is noted that the constrained model captile size effect when size is
measured as book value of equity. Lower plot in Figure 2usifiates that for a given
level of capital, market value of equity is positively redtto idiosyncratic shock z.
Provided that risk and return decreases with z, the sizetaff@actually stronger when
size is measured as market value of equity relative to bobalevaAs in the book-to-
market case, the model captures the direction of histodatd, yet the magnitudes of
average portfolio risks and returns produced by the siradldata are lower than their
historical counterparts. The risk and return of the smafiegfolio and SMB portfolio,
however, are actually higher than their empirical courdesp As a result of borrowing
constraints, firms with the lower market values are mosgydistressed ones with few
capital stocks and/or with high debt holdings and theseadised firms are very risky
and earn high returns.

To analyze the cross-sectional properties of the modehdurt replicate closely
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the cross-sectional regressions of stock returns on mhekat firm size and book-to-
market in Fama and French (1992). The market betas are eldtasing two-step pro-

cedure of Fama and French (1992). First, pre-ranking betasstimated by regressing
firm’s excess stock returns on market excess returns oveb6pasonths. Then, post-
ranking betas are estimated monthly for 100 portfolios trocged by two-dimensional

sort of stocks on market value and pre-ranking betas. Therpoking betas are then
assigned to each stock of its portfolio.

Table 2.3 summarizes the cross-sectional regressionagssmroduced by the sim-
ulated data and empirical findings of Fama French (1992). sityge coefficients are
the time-series averages of cross-sectional regressmahs-statistics are time-series
averages divided by the time-series standard deviations.

The first univariate regression report the cross-sectimiation between realized
equity return and market beta. The model does a poor job iicatipg the direction
of the relation. The slope coefficient of market beta produnethe model is negative,
small in absolute value and insignificant. The empiricgbslooefficient is insignificant
as well but it is positive. The negative, insignificant sigpeduced by the model could
be due to the fact that the relation between risk and returagponse to an aggregate
shock x is unclear. While for financially leveraged firms amdmall unproductive
firms the risk and return are both positively related withax,the rest of the firms in the
economy the risk and return move in opposite directionsspaase to x. As discussed
in Section 2.4.4, the negative relation between risk angdmainder x is attributable to
the counter-cyclical price of risk. As beta increases withigher aggregate shock x,
the price of risk decreases and the decline in price of riskidates the increase in risk.
Consequently, some firms earn lower expected returns debpitct that they carry
more risk and vice versa. Given that price of risk is not a fiomcof idiosyncratic shock
z, risk and return move together under different idiosyticrshocks. In accordance,
theoretically, the direction of the relation between betd geturn is unclear.

The other univariate regression estimates in the secondcamth rows of Panel
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B indicate that there is a significant negative relationgiepveen size and stock re-
turns, and a significant positive relationship between biekarket and stock returns.
While the direction of the relation is inline with the empaldindings, the model over-
estimates the size effect and underestimates the boolatketeffect. The univariate
regression estimates confirm the results in Table 2.2 whapbrts average returns of
10 portfolios sorted on book-to-market and size.

The analysis of joint regressions of beta, size and boakddket equity on stock
return suggest that size and book-to-market effects obdeirv the univariate cases
survive and each regressor enters with a correct sign.

Overall, the results are consistent with Fama and Frenc@2)1%uggesting that
both firm size and book-to-market equity have explanatovygran explaining average

returns, but the estimated beta has little or no-crossesedtexplanatory power.

Value and Size Factors in Earnings

In this section, | investigate the economic mechanism lakthia explanatory power of
size and book-to-market equity in explaining average retur present simulation evi-
dence that sheds light on the question about how size andtoemlarket equity relate
to economic fundamentals by analyzing the productivitfedénces between value and
growth firms. | show that (i) both size and book-to-marketiggare proxies for firm
productivity, (ii) controlling for one factor, the other ers still associated with persis-
tent differences in profitability, and (iii) book-to-matkequity and size capture partly
the cross-sectional variation in average returns thatase@ to financial distress.

Figure 2.10 depicts the average values of profitability andrfcial leverage for
book-to-market portfolios and size portfolios in the siatel data, for 11 years around
portfolio formation. Profitability is defined as the retum lbook equity and measured
by (Ak;: + dji)/(kj-1 — bji-1), where k denotes the capital stock, b denotes financial
leverage and d is the dividend payout.

Consistent with the empirical findings of Fama and French %), 9%o0k-to-market
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equity is associated with persistent differences in proifitg. Low book-to-market
stocks are, on average, more profitable than high book-t&ehatocks for 5 years be-
fore and after portfolio formation. In the nutshell, boaksharket equity wears at least
two heads: low values indicate sustained strong profitgphigh values indicate per-
sistent distress. In accordance, book to market equitgharcaptures cross-sectional
variation in average returns that is related to financidtels and growth opportunities.

Similarly, top right plot in Figure 2.10 shows that size is@& proxy for profitabil-
ity. Small stocks have persistently lower returns on eghign big stocks. Low market
equity says that market judges the prospects of a firm to bernetative to firms with
higher market values and the size factor in earnings is thecemf the corresponding
risk factor in returns. Firm size captures partly the cresstional variation in average
returns that is related to financial distress and asselaicep

In the constrained model, financial distress, growth opmities and asset-in-place
are closely related to financial constraints. To confirm buaik-to-market equity and
size subsume the effects of financial constraints on risleapdcted returns, | study av-
erage values of financial leverage for book-to-market pbo$ and size portfolios for
11 years around portfolio formation. Financial leveraga good proxy for financial
constraints in my constrained model since positive deldihgk increase the proba-
bility of financial distress via lower cash flow and higheratdity of future profits,
whereas positive cash holding acts as a buffer against slplity of future financial
constraints. Figure 2.11 shows that while small firms andeséirms hold positive debt
on average, big firms and growth firms hold cash on averagesisBaicy of finan-
cial leverage policy explains the persistency in profiiahilThis result suggests that
both size and book-to-market can largely capture the cgesteonal variation in equity
returns due to financing constraints.

Finally, following Fama and French (1995), | study the eagrbehaviors of firms
classified as low and high on book-to-market equity and sarallbig on size. As we

have seen in Table 2.3, the explanatory powers of size ankiioemarket equity sur-
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vive under a joint regression. Figure 2.12 shows that ctlimgdfor size, growth firms

earn persistently higher returns on equity than value fionsik years around the port-
folio formation. Figure 2.12 also shows that controlling fmok-to-market equity, big
firms have higher profitability for five years around formatjeeriod. Briefly, size and
book-to-market equity are collectively informative fatan profitability as they are in

equity returns. This result supports the findings in FamaFaedch (1995).

C. Cyclical Properties of Risk and Return

In this section, | analyze the cyclical properties of riskl@eturn. In Figure 2.5, we see
that a firm has a high book to market equity in three cases:h@wirm’s capital stock
is low and it faces a negative idiosyncratic shock z, (ii) wifiem carries significant
amount of debt, and (iii) when firm’s capital stock is high. &we firm with little cap-
ital stock that faces negative idiosyncratic shock z isekosthe liquidation boundary.
As we have discussed in Section 2.4.1, the current cash flovaesal for firms under
liquidation risk. Given that the current cash flow improvesler good economic condi-
tions, firm’s risk level and expected return diminish witlger aggregate productivity.
The second type of firms that are leveraged are also riskaer tihleveraged firms and
the gap enhances under bad productivity shocks owing teehigkerest rates, bad fu-
ture prospects, and higher distress risk. Besides, timgngprice of risk assumption
drives up the leveraged firms’ riskiness as well. Accordm§igure 2.13, the discount
factor is lower on average in a counter-cyclical price df nsodel compared to a con-
stant price of risk model. Since future value is discountextarheavily in bad times
of the economy, the continuation value is lower and proggnsidisinvest is higher in
recessions under time-varying price of risk. However, fimmith relatively high lever-
age cannot scale down without increasing the likelihoodopfitlation. Therefore, they
became more risky and earn higher returns in bad times uodater-cyclical price of

risk assumption relative to constant price of risk assuomptiThe effect of aggregate

86



shocks on riskiness of the last type of value firms is proicgtlunless the firm car-
ries a significant amount of debt. As noted in Section 2.4gt@between investment
demand and internal fund increases during good times sheefftect of aggregate
productivity on future value dominates its effect on cutreash flow and investment
demand of a financially healthy firm increases more than fesmal fund.

The growth firms are financially healthier and carry more dhoapportunities.
Since they face a higher adjustment cost to scale up in ederfwooms compared to
recessions, their risk level is increasing slightly witlgesgate shock x.

A similar analysis can be done for small and big firms. Smathdirare heavily
leveraged on average and more likely to be bounded by finaronatraints. Therefore,
their risk and return is counter-cyclical. On the contrdiryancially healthy big firms
are less risky than small firms and their riskiness increkbgletly with aggregate shock
X. Consequently, the risk and return of small minus big ptiasoare also counter-
cyclical.

Table 2.4 reports the average conditional portfolio batagoiod and bad times for
both the historical and simulated data. Four states of thedvare defined: (i) the
months with the worst 10 % observations of the expected nagtepremium; (i) the
remaining months with the expected market risk premiumvieéls average; (iii) the
months with the expected market risk premium above its aeebait other than the 10
% very best; and (iv) the months with the 10 % very best obsena Panels A and
B illustrate the conditional betas averaged across 50 sitoals. The data in Panel C
and Panel D are from Petkova and Zhang (2002). HML stand$iécaonditional beta
dispersion between value and growth firms and SMB standsh&oconditional beta
dispersion between small and big firms.

Consistent with the data, conditional beta spread betweleie nd growth firms
enhances during bad times, when expected risk premiumis &gl contracts during
good times of the economy, when expected risk premium is Aaeording to results,

small unproductive firms and leveraged firms dominate thaevgkroup and the risk
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level of value group seems to be an increasing function ofeggge shock x. Although
the direction of the relationship is right, the magnitudeh® beta dispersion is lower
than its empirical counterpart. A similar pattern is alssated in small and big

portfolios.

D. Predictability of Value-minus-Growth Return

Lastly, | will analyze the predictability of HML return. Téb2.5 reports a predictive
regression of the HML return on the value spread, the eamiagth spread, and de-
meaned aggregate productivity. The HML is defined as theevalinus-growth return.
Value spread is the log of the book-to-market spread betwagmand low portfolios,
and the earning growth spread is the log of the return spreaseen low and high
portfolios. Since it is a predictive regression, HML retisimeasured at the end of the
period and all predictive variables are measured at thenbawj of the period.

Earning growth and aggregate productivity are powerfutimters of HML return
in the model. The slope of demeaned aggregate products/gignificant and negative
in annual frequency so HML return is counter-cyclical. Tlegpe of earning growth
is positive and significant in both annual and monthly fregues. The value spread
is also a significant predictor in annual frequency but iedjotive power seems to be

less than the other two variables.

2.6 Conclusion

In recent years, the apparent abilities of value and sizgegfies to generate above-
average returns in US stock market are well documented.idrctiapter, | propose a
simple theoretical framework that can produce simultasoualue premia and size
premia in the cross section of equity returns and demomestna impact of financial
distress on these patterns.

To account for the financial distress, | incorporate finag@anstraints into a neo-
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classical industry equilibrium model with stochastic digot rate as well as aggregate
and idiosyncratic uncertainty. | investigate the extenwtoch financing constraints
explain documented cross-sectional variation in risk arpeeted returns. | define fi-
nancing frictions as collateral and dividend constraiSigecifically, firms’ only source
of external finance is debt secured by their collateral asset

| show that due to financing constraints, value firms and sfmals are dominantly
financially distressed. The financially distressed firm$&wotv capital capacity and/or
excessive leverage benefit during economic expansions wH#fet sluring economic
downturns. In view of that, the high exposure to systemasik leads to high risk
premiums.

While the directions of the value and size premiums are inwith the evidence,
the magnitude of the value premium is lower than its emgdicoainterpart. As de-
scribed, financing constraints and counter-cyclical potesk features of the model
can partially explain the value premium but there is stidmofor improvement. Some
other features of the economy that can potentially affes¢iagrices, like tax policies,
irreversible investment or costly equity financing, camdis integrated in the neoclas-
sical investment model. On the size premium side, it sedraglie model does a better

job in capturing the direction and the magnitude of the doentied size premium.
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2.7 Appendix

2.7.1 Tables and Figures
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Table 2.1: Time Series Regressions
This table reports the time-series regressions of valughted market return on aggregate book-to-
market ratio. Aggregate book-to-market ratio is definechassum of book values of all the firms in the
market divided by the sum of market values. The regressiaorslucted at both monthly and annual
frequencies. The first row of the panel reports the histbresults, corresponding to Table Il in Pointiff
and Schall (1999). The second row reports simulated dataasts. The average slopes and adjusted

R?s are in percentage. t-statistics are adjusted for auteladed residuals using Newey-West (1987)
method with 12 lags.

i = a+bx (K/VO) + &1

Monthly Annual

Sope t-stat Adjusted R? Sope t-stat Adjusted R?
Data 302 - 100 4218 - 1600
Model 174 366 305 2043 439 2031
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Table 2.2: Properties of Portfolio Sorted on Size and Boekttwket
This table reports the summary statistics of 10 book-toketgyortfolios (Panel A) and 10 size portfolios
(Panel B), including annualized means, m, and market hgtasth from historical data and model sim-
ulations. The average HML return (the value premium) anchtlezage SMB return (the size premium)
are in annualized percent. All the model moments are avdragess 50 artificial samples. All returns
are simple returns.

Panel A: 10 B/M Portfolios Panel B: 10 Sze Portfolios

Model Data Model Data

m B m B m B m B
Low 0.09 0.83 0.11 1.01 Small 0.20 1.65 0.18 1.47
2 0.09 0.81 0.12 0.98 2 0.15 1.21 0.16 1.40
3 0.11 0.82 0.12 0.95 3 0.11 1.17 0.15 1.33
4 0.10 0.88 0.11 1.06 4 0.10 1.15 0.15 1.26
5 0.11 0.91 0.13 0.98 5 0.11 1.12 0.15 1.26
6 0.10 0.94 0.13 1.07 6 0.11 1.02 0.14 1.21
7 0.12 0.98 0.14 1.13 7 0.09 094 0.14 1.16
8 0.12 1.03 0.15 1.14 8 0.08 0.87 0.13 1.11
9 0.16 1.09 0.17 1.31 9 0.05 0.81 0.13 1.08

High 0.15 1.19 0.17 1.42 Big 0.06 0.81 0.11 0.93
HML 0.03 0.11 0.04 0.14 SvB 0.03 0.25 0.02 0.12
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Table 2.3: Cross-sectional Regressions
This table reports the results of cross-sectional regrassf the monthly realized returrig;,;, on the
market betas, the firm sizeJogME, the ratio of book equity to market equity;g%. Panel A presents
the results from Fama and French (1992), Table Ill, whiledP&npresents the results from simulated
data. The slope and the t-Statistic coefficients are Famebbth (time-series) estimates.

B logME; log e
Panel A: Historical Data
0.15
(0.46)
-0.15
(2.58)
-0.37 -0.17
(1.21) (3.41)
0.50
(5.71)
-0.11 0.35
(1.99) (4.44)
Panel B: Smulated Data
-0.09
(0.68)
-0.31
(7.72)
-0.12 -0.36
(0.98) (5.15)
0.21
(3.01)
-0.29 0.22
(3.64) (4.41)
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Table 2.4: Cyclical Properties of Time-Varying Portfolio Bst
This table reports the average betas of 10 book-to-marké#ofios, and 10 size portfolios, in good and
bad times, defined by sorting on the expected market riskiprantour states of the world are defined:
"Worst” is identified with the worst 10 % expected market premm months;™" is the remaining below
average risk premium months other than the 10 % worst; "Hiésabove average risk premium months
other than the 10 % best; and "Best” is the 10 % best monthsiraimple. HML denotes the risk spread
between value and growth and SMB denotes the risk spreaebatsmall and big firm portfolios. Panels
A and B illustrate simulated data results. Panels C and Btithte empirical findings from Petkova and
Zhang (2002).

10 B/M Portfolios 10 Size Portfolios
Panel A Panel B
Worst - + Best Worst - + Best
Low 102 103 093 092 Small 101 106 118 170
101 103 103 092 2 101 104 118 124

103 090 097 095
0.93 093 088 094
091 089 083 094
0.87 086 088 096
0.88 088 092 103 Q90 093 086 085
0.98 097 101 111 083 088 088 084

9 110 111 114 124 9 086 088 088 084
High 116 118 121 144 Big 081 080 083 081
HML 0.05 009 013 023 SMB Q07 012 017 022

Q99 100 102 112
Q97 096 104 102
Q95 096 095 098
Q92 092 090 097

O~NO O WN
O~NO O bW

Panel C Panel D
Wor st - + Best \\brst - + Best
113 108 104 095 Small 108 118 127 160
100 102 103 098 2 116 125 129 146

101 101 100 092
094 093 097 109
0.89 088 090 099
0.86 090 097 115
0.79 088 102 128 109 111 112 117
0.75 089 106 133 104 106 108 113
0.77 098 120 158 9 Q98 101 105 112
High 087 109 0131 170 Big 094 094 094 Q93
HML -032 -015 005 040 SMB 022 021 016 015

113 117 122 137
110 115 117 128
108 113 117 129
108 111 114 125

—
@ooxlovm.hoowg
0O ~NO O~ W
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Table 2.5: Predictability of HML Return
This table reports from predictive regressions of HML ratupn, separately, the value spread, VP,
earning growth spread, EG, aggregate productivity, x. Bgeassion is conducted at both monthly and
annual frequencies. t-statistics, reported in parerghesé adjusted for autocorrelated residuals using
Newey West (1987) with 12 lags. The adjus®k are in percentage.

Panel A: Monthly Predictive Regressions

Intercept VP EG x-X  Adjusted R

0.006 Q009 0382
(1.99) (203)

0.010 Q016 0484
(2.96) (287)

0.009 —0295 (0842
(3.05) (-1.48)

Panel B: Annual Predictive Regressions

Intercept VP EG X-X  Adjusted R°

0.064 Q060 9161
(120) (296)

0.132 Q137 12173
(1.39) (359)

0.113 ~4.809 12415
(5.71) (-3.89)
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Figure 2.1: Value Function and Productivity Shocks
This figure plots firm value for constrained and unconstiifiens as a function of capital level k,
aggregate productivity x, and firm-level productivity z.

Constrained UnConstrained

Constrained UnConstrained
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Figure 2.2: Value Function and Capital Level
This figure plots firm value for constrained and unconstiifiens as a function of capital level k,
aggregate productivity x, and firm-level productivity z.

Constrained UnConstrained
k=0.15
k=0.15
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3
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UnConstrained
k=1
-2.84 -2.84

97



Figure 2.3: Tobin’s Q and Productivity Shocks
This figure plots Tobin’s Q for constrained and unconstrdifiens as a function of capital level k,
aggregate productivity x, and firm-level productivity z. blio's Q, v/(k — b), is defined as the ratio of
market equity and book equity.

Constrained UnConstrained

Constrained UnConstrained
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Figure 2.4: Tobin’s Q and Financial Leverage
This figure plots Tobin’s Q for an indebted constrained firnadisnction of its capital level k, aggregate
productivity x, and firm-level productivity z. Tobin’s @Q/(k—b), is defined as the ratio of market equity
and book equity. The borrowing level is held constant at 0.34

Constrained
B=0.34

10
8
6
o
=
4
2 |
0l ‘
-2.8 R
-2.85 . 15
10
-2.9
X
Constrained
B=0.34
8
15

10

99



Figure 2.5: Book-To-Market and Capital Level
This figure plots firm value for constrained and unconstiifiens as a function of capital level k,
aggregate productivity x, and firm-level productivity z.
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Figure 2.6: Beta and Expected Return for z= 0 and b=0
This figure plots expected return and beta for constrainddianonstrained firms as a function of capital
level k, and aggregate productivity Xx.
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Figure 2.7: Beta and Expected Return for x=-2.9 and b=0
This figure plots expected return for constrained and urtcaingd firms as a function of capital level k,
and firm-level productivity z.
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Figure 2.8: Beta and Expected Return for k=0.15 and b=0
This figure plots beta and expected return for constrainedds a function of aggregate productivity X,

and firm-level productivity z.
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Figure 2.9: Beta and Expected Return for k=0.15 and b=0.04
This figure plots beta and expected return for constrainedds a function of aggregate productivity X,

and firm-level productivity z.
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Figure 2.10: Value and Size Factor in Earnings - Seperately
This figure illustrates the relation between the book to mar&tio and firm profitability in the simulated
data. The firm profitability is measured by the return on sgtiiat is Akj: + djt)/(Kj-1 — bj-1), where
k: denotes the book value of equity,denotes debt holding amtiis the dividend payout. Panel A shows
the 11-year evolution of earnings on book equity for valud growth portfolios. Panel B shows the
11-year evolution of earnings on book equity for small argigmrtfolios. Time 0 in the horizontal axis
is the portfolio formation year.
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Figure 2.11: Value and Size Factor in Financial Leverage
Panel A illustrates the relation between the financial legerand book-to-market equity in the simulated
data. The plot shows the 11-year evolution of financial lagerfor value and growth portfolios. Panel B
illustrates the relation between the financial leverageraatket equity in the simulated data. The plot
shows the 11-year evolution of financial leverage for smadl big portfolios. Time 0 in the horizontal
axis is the portfolio formation year.
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Figure 2.12: Value and Size Factor in Earnings - Together
This figure illustrates the relation between the book to mratio, market equity and firm profitability
in the simulated data. The firm profitability is measured lgyrtturn on equity, that ig\kj: +d;t) / (Kjt-1—
bji-1), wherek; denotes the book value of equity,denotes the financial leverage ads the dividend
payout. The figure shows the 11-year evolution of earningdaok equity for size/book-to-market
portfolios. Time 0 in the horizontal axis is the portfoliafeation year.
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Figure 2.13: Properties of Pricing Kernal
This figure plots the key moments of the pricing kerf®IM;. 1], price of riskdn; = 02 My;1]/Et[Me1],
and Sharpe rati®; = o[M1]/E[M1], all in monthly frequency, against the aggregate proditgti
X. The solid lines are for the case with = -1000 and the broken lines are for the case witk: 0.
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