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Corporate liquidity and dividend policy under uncertainty
Abstract

We examine firm valuation with optimal liquidityetained earnings) and dividend choice under revenue
uncertainty that incorporates debt financing anckhaptcy costs. We revisit the conditions for diidi
policy irrelevancy and the role of retained earsiagd dividends. Retained earnings have a netiy@sit
impact on firm value in the presence of growth apsi high external financing costs and low defdask

High levels of retained earnings enhance debt dggdaa have a negative effect on equity value. Qxiie
directional effects of retained earnings on eqaitg debt values lead to a U-shaped relation with fi
value. Agency conflicts over dividend policy amaeqyuity and debt holders are more prevalent fordirm

with higher profitability, low volatility and higlevel of growth options.



1. Introduction

Miller and Modigliani (1961) have shown that divi@kpolicy is irrelevant in a frictionless market,
however, dividend irrelevancy does not hold in fitesence of costly external financing, default,risk
bankruptcy costs or costly growth options. Redentlopments using a contingent claim approachigeov
a promising framework for the analysis of investmeptimal capital structure and dividend policy
incorporating default risk and growth options. Tétiand of literature, building on Leland (1994 dslso
Mauer and Sarkar, 2005, Sundaresan and Wang, 200@®wever yet largely agnostic about corporate
liquidity and dividend policy. This is because thesodels assume that any excess cash is distribbuted
the form of dividends to the equity holders of fli, while, in periods of negative cash flows, fiven
resorts to external financing to finance the sladirtOne of the difficulties of incorporating ligdity choice
in a contingent claims framework is in dealing width-dependency arising from the fact that oneélsee
to keep track of the history of cash balancesmethiln this paper we build the theoretical framwin
order to investigate these issues in a conting&itncsetting. We provide a numerical model that
incorporates revenue uncertainty, path-dependguitlity choice (retained earnings), growth optiaiet
financing with risk of default, and costly exterfimancing. In our model retained earnings are lekthe
form of a liquid asset that earns a fixed per peiitterest and can be used to reduce future externa
financing costs and reduce the risk of costly defand the incurrence of bankruptcy costs. A nundfer
new implications are derived and a simple benchraagfytic model with growth options is used to fxeri

the numerical solutions developed.

First, we focus on an unlevered firm and we show thatittelevancy of retained earnings and
dividends holds only in the absence of default, nisider the condition that the return earned osimet
earnings is equal to the risk-free rate (used sodint rate) and in the absence of external fimgnoosts.
We show that the presence of default risk can eraategative impact of retained earnings on firlneva

since accumulated cash from earlier periods mdpiegone if the firm goes bankrupt.



Secondly, our results show that the higher the expectedfiterof the growth option and the higher
the external financing costs the more importantrtthe of retained earnings. On the other hand, vesvs
that external financing costs have minor impacfion values when their only role is to finance lidity
shortages necessary to avoid default. Lins eR@lL@) survey of CFOs from 29 countries and haveveho
that the main driver of holding liquidity is inde#uk financing of future investment opportuniti€drown
and Petersen (2011) show that cash balances mbaleenfirm to smooth R&D spending which is also in
line with evidence of the role of cash balancefnancing growth. Riddick and Whited (2009) develp
theoretical model allowing a precautionary moti¥é@ading cash and Palazzo (2009) shows that delsh r
firms may earn superior returns due to precautionawstives. Our model highlights the risks of defaul
may result in the opposite effect, i.e., the rifkawegone cash flows reducing or even eliminating

precautionary motive of accumulated cash.

Thirdly, we show that the incentive to keep high retaieadhings (low dividends) is affected by
firm profitability and the initial (accumulated) sfabalances available. For firms with low profitéiior
low initial cash balances, retained earnings mayeaufficient to avoid default, thus it is optirfer the
firm shareholders to reduce cash balances by pdygiter dividends (and resort to external finandimg
the future if needed). For firms with high profititly or high initial cash balances it is optimalrfthe firm
shareholders to increase the accumulation of calsimées further to avoid costly external finandimghe
future. The role of initial level of cash balan¢eghlights important differences for the behavibyoung

firms (with low initial cash balances) and more anatfirms (with higher accumulated cash).

Fourthly, we show that higher revenue volatility increasfadlt risk and thus reduce the

importance of retained earnings since equity helfar that they may be foregone.

Fifthly, we study the role of retained earnings in thesgmee of debt financing. We consider the
cases of first-best (firm value maximization) whadbo assumes that retained earnings are obtayneebib

holders in the event of default versus the sedmgi-solution (equity-value maximization) whichaals



assumes that retained earnings are distributeduityeholder prior to default. In the presence ebdthe
aforementioned effects of profitability, volatilitgrowth options and external financing costs cargito
hold but apply for equity value. On the other harigher retained earnings have an enhancingmalebt
capacity both under a first-best and under a sebestisolution since the risk of default is reducdtie
opposite directional effects of retained earningsequity and debt value may have a U-shape efiect o
firm value. We find that under first-best firm ualis more likely to be maximized at high plowbadien

the risk of default is low (high profitability, lowolatility) and in the presence of high value obgth
options and high external financing costs. A lowwiback is preferred at high levels of default @Esid
when the value of growth options and external faag costs are low. Under a second-best solution we
always obtain a solution of low plowback. Agencystsoover dividend policy exist when there are
deviations between the optimal dividend policy kestw the first-best and second-best solution. These
deviations are more prevalent for firms with higpeofitability, lower volatility, higher levels afrowth
options and external financing costs. Agency cestisnates do not exceed 2% of firm value underatgal

parameter values.

Finally, the role of investment timing within this contéxalso considered. We show that with low
initial profitability (and low accumulated earninfyem earlier periods) the firm has an advantagdelay
the exercise of the option in order to avoid imraégly incurring high external financing. When tlvenf
has a high initial profitability (and high accumidd earnings from earlier periods) then early egerc
becomes more attractive since it can enhance regeearly-on without the firm having to incur high

external financing costs.

Our paper is organized as follows. Section 2 prewvial literature review, Section 3 develops therttmal
framework, Section 4 provides sensitivity analyessl model predictions and section 5 concludes. An

appendix provides a benchmark analytic model andigees accuracy tests of the numerical model.

2. Literaturereview



Early theories of dividends include Miller and Maglifani (1961) dividend irrelevancy in a
frictionless market, theories incorporating theeeffof taxes (e.g., Brennan, 1970 and Miller anitiofss,
1978) and the use of dividends as a signalinghferfaiture growth prospects of the firm (e.g., Mikked
Rock, 1985)! The pecking order theory (see Myers, 1984) widchased on asymmetric information
suggests that retained earnings should be thesbitgtce of financing followed by debt and then gqui
Although our model does not capture asymmetricrinfidion it provides new implications about a
complementary relationship between retained easrémgl debt which is not highlighted in pecking orde
theory. Asymmetric information can be implicithamtured in our context by increasing the costs of

external financing.

Agency theories also provide prominent explanatiohfirms’ dividend decisions. Easterbrook (1984)
points out that higher dividend may provide a giboary mechanism that can reduce the manager-
shareholder conflicts since the have to resotiéattarkets for financing of investment opportusitid his

is similar to the “free-cash flow” argument of Jeng1986) which also predicts that larger dividemdsy

be optimal so as to reduce the incentives of masageexpropriate value from large accumulated cash
balances. In our model agency conflicts of this sort canitoglicitly captured by reducing the return
earned on accumulated cash balances (see alsouks\etral. 2010) reflecting the increasing agerasts

of maintaining high cash balances. Agency corsflister dividend policy between equity and debt aidd

L Our paper does not incorporate the effects of paigaxes and signalling.

2 A recent article in the Economist with a title “TRése of Distorporation” on Oct.26, 2013 points tireation of
many firms in the US adopting structures such astdtd.imited Liability (MLP) which keep no retainegrnings in
order to reduce the payment of corporate taxeeafatce a market disciplinary role for managerserket al. (2000)
point out that another positive side effects ohleigdividends is the increased monitoring rolensfitutional investors

which are clienteles in firms paying higher dividen



are under-researched. We solve for first-best (firnaximization) and second-best (equity-value
maximization) optimal retention policies and alsiscdss the impact of the risk of equity holders
distributing accumulated earnings prior to defaultclaim holders value and the value of the firdirth
and Uhrig-Homburg (2010) show the positive roldiguiidity in mitigating the agency costs betweebtde

and equity holders.

More recent theoretical developments include thmegd framework of Gamba and Triantis (2008)
who analyze a firm’s dynamic financing, investmand cash retention policies. With respect to the
positive effects of increased liquidity, they shésimilarly to us) that accumulated cash can be tsed
finance growth and to avoid issuance costs. Omégative side, they show that accumulated casla has
tax disadvantage relative to debt financing. Thesence of default risk with fire-sales or liquidatiat a
discount increases the role of cash balances,ult ies verify in our setting. Our model sharesesal/
similarities with their context, however, we shdvat the presence of debt financing and bankrupisysc
results in a U-shape relationship with retainedhiegs. Our simpler setting also allows us to cdhefu
examine the effects leading to the irrelevancyetdined earnings and dividends, the role of prioifitg

and revenue volatility.

Recently, Copeland and Lyasoff (2013) analyze devaned firm retention policy in the presence
of a growth option and costly external financingwever, their model does not allow for default rEsid
does not accommodate the effects of bankruptcyscBi$ser (2013) shows that cash have a real option
value since they can be used to avoid or reduceuig® costs; however, he does not discuss thefole
default risk, debt and bankruptcy costs. His madlelvs quadratic agency costs of free-cash flowgklh

implies an amplification of agency issues when dzalances are high. With respect to volatility, 3€is



(2013) shows similarly to our analysis that highelatility reduces the value of holding cash. Hoag\n

his model agency costs drive this result whereasiirmodel the main driver of this result is defaisk

Boyle and Guthrie (2003) study the effect of caglahces on the optimal timing of investment in
the presence of constraints. They show a V-shagesiment trigger as a function of cash balances: fo
small level of cash balances the investment triggeeduced (firm accelerates investment) and iigin h
cash balances an increase in cash balances rgsaltsincrease in the investment trigger (firm gela
investment). Hirth and Viswanatha (2011) explaiat tthe U-shape of the investment trigger with respe
to cash balances may be caused when the firm lealdhe trade-offs between present and future fingnc
costs. We show that in the absence of constriatspposite result may hold: firms with low casifances
may delay investment to avoid external financingtsovhereas, firms with high level of initial pitability
and initial cash balances may invest to acceléh&tenhanced benefits of the growth option sintereal
financing costs can be reduced with the use olabai cash. Asvanunt et al. (2010) model is alesaty
related to our model. However, in Asvanunt et 201Q) the cash balances can only be retained f®r on

period while our model allows cash balances todeeimulated over longer horizons.

Empirical evidence on dividend policy generallysisdhat dividend payouts are positively related
to profitability (measured by ROA) and size (measuby assets), and negatively related to growth
opportunities (measured by R&D/Assets) (see FardaFaench, 2001). Fama and French (2002) connect
these findings with the predictions of trade-oftiqgmecking order theories. They point out that tmpieical
result that firms with higher profitability and l@wgrowth opportunities pay less dividends is catesit

with trade-off theory. However, to our knowledgefaomal model makes these predictions explicitlyr O

3 In his empirical analysis, Kisser (2013) finds thash balances do not have a statistical significapact

on firm value, a result that demonstrates dividenelevancy. Our analysis shows under which coadgi such

irrelevancy may hold.



model provides the explicit link of dividend payauith growth opportunities showing that divideng/pat

is indeed negatively associated with growth opputies; however, we show that the effect of prduitity

on dividend payouts is much more subtle. We shaivebuity holders in firms that are less profitdivias
may actually have an incentive to increase dividesmlas to avoid foregoing accumulated cash ifuthes

in the event of default. On the other hand whenmdioperate with sufficiently high profits the firmay
more safely plowback earnings in order to avoigeul financing csots (since the risk of defaulbis).
Thus, we point out that the observed positive i@tahip between dividend payouts and profitabititsty
be due to other factors not explained by tradetfoébry? Bates et al. (2009) show an increase in cash
balances over time and that cash holdings areiyalgitassociated with volatility, market to book&R
and negatively associated with leverage. The efiEatarket to book and R&D is in alignment with our
model’s predictions of using accumulated cashriarfce growth. Furthermore, the negative effeciashc
holdings with leverage is consistent with seconskbelutions where the higher the risk of defahdtinore
likely that firm value is optimized at lower levead$ plowback. The positive effect of volatility arash
holdings in our setting can only be justified iétimcreased volatility is driven by a higher vatiegyrowth

options in which case firms accumulate cash inmt@énance the growth options.
3. Thetheoretical framework
3.1. Themode

We assume that the firm operates in 3 peribdd),t = T1 andt = T,. The last year of operations occurs at
T, where we assume that the firm stops its opemitéord distributes all extra cash as dividends or
defaults? Let P denote the firm's present value of revenues ovesrzon T; which follow a Geometric

Brownian Motion (GBM) of the following form:

4 Clientele effects may provide a plausible explamasince clientele effects may be more prevaletarige firms
attracting large institutional investors. Thus, fositive relationship between dividend payout prafitability (and
the size of the firm) may be due to efforts of ldrge firms to attract large institutional investor

5 For simplicity we will set the incremental perifth —T:) to be equal to the first stage period T



%P = adt + odZ (1)

wherea denotes a constant drift,is a constant volatility and dZ is the standardin®e processUnder
risk-neutrality or spanning assets assumption dimstant drift is replaced with the risk-free rat&urther,
it is assumed that the firm’'s revenues actuallywab a rate g *-6. Thus,d defines a form of dividend-

yield adjustment that captures competitive erosemtucing the growth of revenues. We allow per pkrio
operating costs to be different, thus, the opegativsts areC,,C,,C, for period 0, 1 and 2 respectively.

A corporate tax rate applies, thus, the after tax profits of the firer period are (P-C(1-), i=0,1,2.

We also assume that the firm has an existing cakimte att = 0 equal taX, and that the firm has the

possibility to raise debt &t 0. Debt will subsequently require a coupon paynie, per period in periods

1 and 2. In the event of default debt holders ol value of unlevered assets by incurring pribqaal

bankruptcy costb.

Furthermore, assumg, is the proportion of revenues retained in petied), T, . In the last period> any

retained earnings accumulated are assumed to Bepato the shareholders. Thefh— %) defines the
dividend payout of the firm in the correspondingiges. It is assumed that liquid assets are indestan
asset that earns, annually continuously compounded. We also assinaeiftearnings net of taxes in a
period and the available cash balances retained &axlier periods are not sufficient the firm neéals

resort to external financing which requires a dastThe external financing cost may include a fixedtc

componentF. and variable cost. which is proportional to the level of financingyréred. In practice,

the cost of external financing includes a fixed poment for the services of the underwriter (e . thie
road show, legal advice and preparation of prosis@écind also a variable component depending on the

amount raised in the new issue which may alsoaefleread costs. However, one may also consider tha
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the costs of external financing include agency<asising from asymmetric information. In this cése
firm may be required to issue securities at a diatto their fair value thus implicitly incurringnadditional
cost at the time of the issuance.

The firm has the option to expand revenues (gragtion) bye, >1 atT,; by incurring an additional cost
X e which may also result in an increase in revenué¢bkerast period by, >1. When the expansion of
revenues starts after investment we @et1,e, >1. In this section we assume no investment timing
exists. We relax this assumption in subsequeniosect

In order to obtain a solution to the above probieenbuild a forward-backward algorithm of exhaustive
search on a binomial tree by optimizing among arédie set of choices for retained earnings][01]

and x, J[01]. Att = 0 the firm chooses¢, J[01] which defines the level of retained earnings and
dividends paid to shareholders. The profits afer (), retained earningsx} and the dividends) for

periodt = O conditional on the choice of, are thus:
Mn,=(P-C,)-1)
Ry = %,[(P=Co)A-1) + X, )
Do = L= %)[(P~Cy)A-17) + X,]

Let I§t and\z denote the expected present value of debt andglgfiem value at respectively. The value
of the levered firm obtained by shareholders a0 is equal to the sum of dividends paymentsinbth

D, , the expected present value of the levered fiomffuture activities\-f0 and the value of debt financing

raised I§O :

Vo =max(D, +\Z) + é-o) 3
%o

11



The expected present value of the levered firm thedvalue of debt will be determined by taking

expectations using the binomial tree probabili(s=e below).

The levered firm value can also be equivalentlynfbas the sum of dividends and the expected vdlue o

unlevered assetgou and the expected present value of the net taxfitenéusing debfl EO:
Vo =max(, +\70u +T§o) (3)
%o

The expected present value of levered firm, delieuered assets and tax benefits are obtained uiséder
neutrality using a binomial tree approach. Weaistandard formulation of the lattice parametergtfe

up and down jumps and the up and down probabilities Cox, Ross and Rubinstein, 1979) which regjuire

e(r—J)dt _ d T
=————, p, =1- p,, wheredt =1 . We useN;, steps for
u—-d N,

thatu=e

Uﬂ,d:e—aﬂ:i, pu
u

the first Ty years. Then foeach end state value @& of the lattice afl, a new a lattice for the remaining
T, =T, years with sizeN, = (T, —T,)/T,N, is built. Thus, several lattices emanate, one feach ending

node afl.

Retained earnings of periog 0 earn interest, and thus becom®& = x,(P —C,)(L - r)e"*" in period

T,.

3.1.1. No financing needs at T,

At T, the mode of operations can be either to remain thi¢ option not exercised (mo8eor exercise the

growth option (mod&). When the profits net of any investments costspasitive, i.e, when:

NS=(R-C,-Cy)l-7)20 or M =(gP,—C, ~Co)L—7) - X; 20 (4)

12



then there are no financing needs.

The firm optimizes retained earnings Tatby choosingx, [J[01] so as to maximize the sum of the

dividends afl: and expected value of dividends of next perioulstdefine the unlevered profits at ds:
|—|lsU :(Pl_Cl)(l_ T) or rllEu :(elpl_Cl)(l_ T) (%)

Conditional on the new choice of retained earnikgstt = T: and depending on the mode of operations

being eitheiSor E we have:
R =X (M +%[(P-Co)=1) + X, [e"™)

D = Q- x)(M} +%[(P-C))A-1) + X, Je™™) (6)

Vi =My, +Vy,
TB! =7C, +TB;
V/ =D! +V,', i =S,E.

In equation (6) the new retained earnings.&ré determined as a proportian of the sum of the profits

of the current period and the accumulated earrvfigise prior period. The remaining of this sufin- X, )

is distributed as dividends. Since there is naukefinder these states debt value is obtaindueasuim of
current coupon plus the expected present valuelafatising from next period. The expected valdeslo

variablesare evaluated by building a tree forward conditiarathe current state of revenuesTgtthe
retained earnings kept & and the state (normal mo8er growthE). Finally note thals/li = Dli +\71i >0

,i=S,E sinceD! 20 and V, >0.

13



3.1.2. Positive financing needs at Ty
At T, and depending on the mode beBwr E if:
MZ=(R-C,-Cg)-7)<0or Ny =(eR -C, ~Cg)(l-7) - X <0 )

then the firm can only choose retained earnings fitee available liquid assets accumulated froniezarl

period thus:
R = %(%[(P~Cp)@-1) + X, Je"™) i =S,E ®)

Since in this state!"li1 <0,i =S,E only the amount of accumulated earnings from pr&viperiod that

was not distributed as dividend will be used tafice the shortfall. We call this the amount of fficiag

from retained earning$} and it is given by:
F = 1-x)(%[(P-Cy)A-1) + X, Je"™),i =S,E ©)

If M} +F' <0,i =S,E then the firm needs to resort to external finag@ind incur issuance cosits (if

it chooses to stay in operations). The issuances @odude a fixed and a variable component andrare

equal:

l. =Fc +Vvg(F +M,),i =SE (10)
where the amounE, +1M},i = S, E defines the deficit that requires financing.
This means that the valueTtunder this scenario is:

V) =max(1}+F' -1 +V, 0),i =S E (11)

14



If I'Ii1 + Fli >0 then costly external financing can be avoidedthnd:
V) =max(1}+F' +V, 0),i =S,E. (12)

If V,/ >0 then default is avoided and so debt value is:

B =Cy + 6]

TB =1C,+TB/, i =S,E. (13)

If Vli =0 then default is triggered and so:
Bl = L-b)(My, +Vi, +R)
TB =0,i=S,E. (14)

3.1.3. Optimization at T, and values at T,

The optimal value aE; will be obtained as the maximum between the vahder the normalS) or growth

option E) state:
AR mxlaX(V151V1E) (13)
In the last period we assume the firm distributeprafits and retained earnings as dividends. Thus
V, =max(1}, + R, 0) (14)

Whel’eRi2 = e(rX(Tz_Tl))Rli, n? = (PZ —C)(l_ T), |'|2E = (ezpz —C)(l— T), i=S E

15



If V, >Othen
B, =C,, TB, =1C, i =S,E. (15)
One the other hand, Vli = Othen default is triggered so:
B, = (L-b)(M, +R,) andTB, =0, i=SE. (16)

The appendix provides an analytic benchmark maatetife special case of no debt and liquidity choice
and in the absence of external financing costss Tdel is used to test the accuracy of the nuaderic
model. The results indicate that the numerical rhpdw®r/ides an accurate solution both in the absence

in the presence of growth options which is re-degunf using the numerical method to draw conclasio
on issues of liquidity choice in the presence ditdeostly bankruptcy and costs of external finagaihich

have been incorporated in the numerical model.

3.2. Model implications

In this section we discuss the main assumptionga@eds driving retained earnings/dividend choite i
our model and form our predictions which are therified in the following section via extensive

sensitivity results.

Firgt, our assumption of revenues following a GeomeBtiownian Motion (GBM) follows standard
practice in contingent claims models. This candreslered to be driven by the value of a commatiiy

the firm sells which drives the uncertainty in thedel (e.g., Mauer and Sarkar, 2005). Other paypszs
the GBM assumption as the driving process for tnmiags before interest and taxes (EBIT) (e.g., see
Goldstein et al., 2001, Hackbarth, et al. 2007)r @ssumption implies that the variance of revenues
increases with time and that longer the intervalsvben decisions increase both the upside and didevns

16



of firm’s profitability. This may have substantigffects on the choice of retained earnings (as sggpto
for example choice of using a mean-reverting proéasrevenues). A higher upside potential for rexes
may imply that retained earnings may not eventuadiyneeded in the future in order to finance shtstf
or even the growth option. In the case of a higkide potential, the firm may choose to distribiite t
earnings retained without further jeopardizing tihesty are foregone in the future so the risk oéfmme
cash flows is mitigated. On the other hand, howearrincrease in the downside values of revenues ca
resultin an increase in the risk that the firngsity holders will forego the retained earningshaf previous
periods (if the firm defaults). The GBM assumptago has implications for multi-stage decisiongsiit
well-known that in compound option settings therelation between the Brownian motions at different
points has an impact on firm value (see Koussig).eR013). The larger the distance betweensd®ti
points (in our setting between &nd T;) the lower the correlation between the Browniartioms which
implies less predictability of revenues of ds of . This obviously has an effect on planning and will
make commitment of resources either through newstments or higher retained earnings less likedy t
longer the distance between the decision points.

Secondly, our analysis adds two basic trade-offs for tha's shareholders regarding their choice
of the level of retained earnings. On the positide, higher retained earnings reduce externahdging
costs needed to finance a future shortfall or avtir@ption. In the presence of debt, retained egsican
also be used to avoid costly default and bankruptsts and thus may enhance the debt capacityeof th
firm and the tax benefits of debt. These rolestdined earnings can be clearly seen in equat®)ng11)
and (12) where the retained earnings can be udathtwe shortfalls or the growth option. Also guation
(14) the retained earnings accumulated can useediace the risk of default in the last period. @a t
negative side, retained earnings may be foregotieipresence of default risk (see equation 1ant14
where firm value can become zero and accumulatathesl earnings will be lost). Despite the risgefd
by equity holders that retained earnings are fo#teé event of default, the debt holders are btatehy the
higher level of retained earnings since in the egédefault the form part of the assets that carelsovered
net of bankruptcy costs (see equations 14 andTh&.implies that higher retained earnings may anba

17



debt capacity. In a subsequent section we alsoidemthe second-base case where accumulated cash
balances are distributed to equity holders priodédault, however, as we show debt values are still
enhanced at higher levels of retained earninge s risk of default is reduced.

Thirdly, our setting provides insights with respect torle of retained earnings in the presence
of growth options. First, in the case where theagihooption expansion of revenues starts immediaely
T4, then @ > 1 and the external financing needs may be retisioee available cash from the growth option
itself can be used to finance shortages (see emgadi and 7). In this case the role of retaininyiegs

from earlier periods will be reduced. When howether enhancement of revenues of the growth option
accrues in a future perid@ =1 e, >1) while the investment cosX needs to paid immediately then the

retaining earnings from earlier periods becomesiamt in order to reduce external financing coJtise
role of retained earnings is expected to be highemigher the accrued benefits)(and the higher the
external financing costs (see equations 9,10 ahd 11

Fourthly, our model assumes that retained earnings ardarhgdd form of a liquid asset that earns
a returnrx per period until they are eventually used to fregrowth investments or liquidity shortages,
distributed as dividends or end up in the handdebt holders in the event of default (or in thedsaaf
equity holders in the case of second-best solutiongontrast, Boyle and Guthrie (2003) use a sspar
process to describe the evolution of cash balawbésh allows a role for the volatility of cash batas®
However, their approach does not allow for the ysialof retention policies. Our assumption of fixed
return of retained earnings implies that retairethi@gs can be used to reduce volatility sincewmstates
the firm can use retained earnings to alleviatawefAs pointed out earlier this may have a bexafrole
in the presence of debt since it may enhance dgd#toity. On the other hand retained earnings may be

foregone if unfavorable states materialize.

6 They show that higher cash flow volatility resttighe firm investing earlier to avoid foregoingst flows in the
future.
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Finally, we note that the simple three period framewomsdwot have an impact on the implications drawn
from our study. Our model allows for retained eagsito have a role in two consecutive periods caqgu
the essential dynamics and trade-offs involvechindecision process. Furthermore, although our mode
does not distinguish between new debt or equityeissat T it still allows for external financing, thus
capturing the basic dynamic financing choices @ finm so that the role of retained earnings is not

overstated.

4, Numerical Results

In subsection 4.1 and 4.2 we analyse the conditimd&r which our model predicts dividend irrelewanc
and the factors that affect retained earnings/divitichoice for an unlevered firm. In section 4.3 we
incorporate the effect of debt and bankruptcy caesid in subsection 4.4. we investigate the efféct o

investment timing.

4.1.Dividend/retained earningsirrelevancy for an unlevered firm

In this subsection we present the numerical rest the cases where our model predicts dividend
policy/retained earnings to be irrelevant for afeuared firm. In this and subsequent results wethset
operating costs of the initial peridgh= 0 so as to allow for a sufficiently high retairlegtel if the firm

chooses a high plowbacék.

Figure 1 shows numerical results both in the presemd in the absence of a growth option. In butlse
cases we assume that operating costs and cougorerarin all periods (no default risk). We uselPG;
Co=C1 =C,=Cr =X =0,7 = 0.3, r =6 = 0.05,06 = 0.2,T1 =5, T.=10. Our parameters for the risk-free rate,

the volatility of revenues and the corporate tae e generally consisent with prior studies (esge

7 Equivalent results can be obtained when the indjp@rating cost is positive and we allow for atiahicash balance
Xo (see equation 2).
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Leland, 1994, Mauer and Sarkar, 2005, Goldsteal.2001 and Henessy et al. 2007). The 5-year horizo
reflects typical horizons for firm product developm (e.g., see Pennings and Lint, 1997, for aqadati

case of Philips in the multimedia busines®)e discuss the implications of varying other parmsein
subsequent sections. We also assume that the estmed on retained earnings equals the discotat ra
i.e,rx =r = 0.05. In the “without growth” case of panel A& wse ge,=1 and in the “growth” case of
panel B we use an option cost X 100 and £1, e =3 which assumes that the enhancement of revenues
of the growth option accrue in the future and tthesgrowth option cannot be self-financed. We yrel

the cases without = 0 ) and with external financing costg £/0.1). Henessy and Whited (2007) estimate
external financing costs to be between 5%-10.7%1ldipg on firm size. All fixed external financingsts

are for simplicity set to zero.

[Insert Figure 1 & 2]

Figure 1, panel A shows that in the absence ofultefisk and growth options, firm value is invariao

the proportion of profits retained earnings (eqlémtly the amount paid as dividends). As expeched t
level of external financing costs does not affbid tesult since there are no expected financirglsién

the absence of operating costs and risk of def@uit.investigation of the decisionsTatalso reveals that

a plowback equal to zero is optimal irrespectivaheaf level of revenues. We should note that a small
reduction in the return earned on retained earrfiogs ry = 0.05 torx= 0.04 would result in a break-down
of dividend/retained earnings irrelevancy. In tlse withry = 0.04 (<r=0.05) we find that firm value

decreases with retained earnings from 166.97 (ok40) to 163.56 (plowback =1). Similarlyyif= 0.06

& A 5 year horizon may be considered long sincedat@s a high range of potential revenue outcomés atd &
and reduces the potential of planning, in particulidh respect to retained earnings and futurerfoirdg needs (see
the discussion of previous section). We explorgtehdorizons in additional sensitivity results aegort our results
next. Our general implications do not change algmowe verify that shorter horizons allow for betpéasinning and
an improved role for retained earnings.
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(>r=0.05) then firm value is increasing in retaireatnings with a firm value of 169.77 (plowback t®)

177.13 (plowback =1).

In Figure 1, in panel B we investigate the casd aitgrowth option. Now, in the presence of external
financing costs retained earnings add some vahge setained earnings can be used to finance tvetlyr
option. In the absence of external financing costsjned earnings/dividends remain irrelevant enghe

presence of a growth option.

Figure 2 analyzes the case with positive operatirsgs thus allowing for the possibility of defaltt Figure
2 we keep ¢=Cr=Xo=0 and set €= C; = 80 (thus adding risk of default). In the “groWwttase of panel B
we set an option costp= 100 and £1, e =3. Figure 2, panel A shows that even in the rtsof
external financing costs, dividend/retained earmingcomes relevant when there is a risk of defewthis
case an increase in plowback (retained earningsalcreduces firm value. This result holds baththie
presence and in the absence of a costly growtbroftee Figure 2, panel B) and even when we adablar

external financing costs of 10%.

The reason behind the negative relationship betwetaimed earnings and firm value is that in trespnce

of default risk accumulated cash balances may tegfme in the future. In the presence of a groytion
(see panel B) the role of retained earnings magrteinced in the presence of external financingscost
However, for this particular set of parameters aogitive level of retained earnings is found to be
suboptimal. We will discuss in the subsequent saatases were the role of retained earnings willitiber
enhanced. At this stage it is important to firshsuarize the following result that relates to thelgvancy

of dividend policy.

® The case with external financig costs shows onlyamifferences with the case without external fficiag costs
and the lines essentially overlap.
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Result 1 (Dividend/Retained earnings irrelevancy for an unlevered firm). The amount of retained

earnings/dividends are irrelevant when:

a) the discount rat&)(equals the return earned on retained earninds (

b) there is no default risk (zero operating costjostly growth options

or

¢) there are no external financing costs.

Condition a) is necessary to obtain the retainedirgs/dividend irrelevancy result. When for exaenpl
conditions b) or ¢) hold and condition a) is vieldtthen the role of retained earnings is eithearokd
(when g>r) or reduced (when«r). On the other hand either condition b) or @ust also hold. If there
are no operating costs or costly growth optionsaisly external financing is not needed so conditip

is not necessary. On the other hand if there fimgneeeds (i.e., condition b is violated) then dbad c)
should hold to retain dividend/retained earningslé@vancy. Dating back to the seminal work of fill
and Modigliani (1961) dividend irrelevancy was ktkwith a frictionless market which may be related
condition c¢) above. Result 1 however highlights itheortant impact of default risk and costly growth
options in dividend/policy, results which are nemdéhas not been highlighted in earlier work. la th
following section we investigate the various fastaffecting the optimal level of retained earniagsl

dividends.

Before we move on to examine other factors affgctire retained earnings/dividend choice we explain
some of the observed results in more detail. Tthdbwe use the case of Figure 2 with positive afjiey
costs G=C»=80 in the presence of a growth option using a lemalmber of lattice steps N=4 so that we
can better illustrate the decisions at each siép.provide the values and the decision for thresrztive
decisions at t=0, zero retained earnings, 50%methéearnings and 100% retained earnings. For dach o

this case we obtain firm values of 114.16, 111.48 812.32 for each of these cases respectively. The
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values and optimal decisionsTtare provided in Table 1. Table 1 also providesdifferences between
the value afl; between the three different cases pertaining tavghe advantages and disadvantages of
each policy. We note that under all policies ahdtakes af; the optimal decision is to keep zero retained

earnings.

The results demonstrate that the benefit of a higvel of retained earnings &t 0 is to reduce external
financing costs. For example, when the retainexiilegs are 50% for any revenue level higher or etgua
100 the firm saves some external financing codis also helps the firm to exercise the growthaptn
states where the firm would otherwise remain imradroperations (not exercising the growth optian).
higher level of retained earnings is also showhetp the firm avoid default by decreasing the défau
threshold (in fact when the retained earnings 8% @t t=0 default in this case is completely avd)de
However, from the perspective of the shareholdaiss dmounts to undertaking losses by foregoing the
profits that would have otherwise been paid asddivds to finance the deficits. In some cases defaul
cannot be avoided and all retained earnings fratieeperiod are foregone as is the case for exampien

the retained earnings are 50% at t=0 where we wbsbat at a revenue level of 40.88 default igyeigd
and the accumulated earnings from the previousgdamounting to 44.94) are foregone. In othersase
were the firm avoids default the firm uses retaieachings to finance the deficits and remain acvéhat

it can at least have a claim on some part of theniag earnings (whereas with zero retained egmin

would have default).

[Insert Table 1]

A second observation is that the difference betwieenvalues at different level of retained earrsing
once a certain level of retained earnings is redcbmains small. This could also be seen in Figure
where we observe that the line showing the relatignbetween firm value and retained earnings nesnai
rather flat at higher level of retained earningse Thtuition of this result (which can also be fied at the

simpler case of Table 1) is a certain level ofiretd may be adequate to reduce external finan@stsc
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in particular for the intermediary levels of reveswhere the firm is still valuable but the firmyneave
to cover temporary shortfalls. For very high valoésevenues the extra retained earnings do not add
extra value while for very low values their addediue is small while the firm faces the risk that gxtra

accumulated cash will be lost.

4.2. The effect of profitability, volatility and growth optionsfor an unlevered firm

In this subsection we investigate factors that malgance the role of retained earnings and reduee th
importance of dividends (and vice versa). We foonsthe effect of firm profitability, the volatilityf

revenues and the impact of growth options for davared firm.

First, we investigate the role of profitability fdeed as the level of revenues relative to opegatin
costs) in Figures 3 and 4. Intuitively, in the mnese of positive external financing costs a lovweeen
negative initial profitability may increase finangi needs and thus enhance the importance of keeping
retained earnings, however, as our results sheintbyv we obtain the opposite result. We explainwédhe
economics driving this result. In Figure 3 we cdesithe no growth option case and we use like befor
=100, G=Xo =0,7 = 0.3, r 3 =n= 0.05,6 = 0.2, T. =5, T,=10 and variable issuance cosis=v0.1. In
Figure 4 we add a growth option with costX100, =1, & =3. Both in Figure 3 and in Figure 4 we vary

the operating cost:@nd G to be 110, 80 or 50 thus varying the profitabifitgm low to high.

In Figure 3 in the absence of a growth option wel fin all cases that higher level of retained
earnings reduces firm value. However, the resdliSigure 3 show, contrary to intuition, that at Hnég
operating costs retained earnings have a subdtafiigher negative impact on firm value. In fasthen
operating costs are low (firm profitability is higthe negative impact of retained earnings becomes

negligible.

[Insert Figure 3]
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The reason behind the higher negative impact dimeti earnings at higher operating costs (low
profitability) is that the risk of default becomieigher and thus the risk that retained cash flosedast in
future periods increases. Our analysis reveals htat zero retained earnings the firm defaults when
revenues reach 91.44 when the operating costsjaed ® 110 per period whereas when operating costs
are 50 per period default is triggered at 40.8%Wficiently high profitability the risk of defatils limited

and this tends to satisfy condition b) of Resudtpproximating dividend irrelevancy. Note that caiodi

a) is also satisfied since we usexr=r

At low profitability levels retaining cash balandssvalue reducing since despite the fact that tieeyce
the risk of default and external financing costs fihm faces a risk that when default is triggetldt
accumulated cash balances will be lost. For examaplesider the case with operating costs equabhtio
the firm retains all profits at t =0. Indeed, instltase we find that the revenue level triggerietadit is
reduced to 37.39. However, for any level of revarloeer than that the firm defaults and loses aiggant

amount of retained earnings amounting to 89.88@t (1 - 0.3) exp(005[5)). The risk of foregone cash

flows appears to dominate the resulting savingsternal financing costs.

Figure 4 shows that a similar result holds in thespnce of a growth option, i.e., a higher level of
profitability enhances the role of retained eargminbp this case we observe that for sufficientlghhi
profitability the firm’s optimal decision is to kpghe maximum level of retained earnings. At highel of
profitability and with a high level of growth optidenefits accruing in the future the firm’s exsecof the
investment option is triggered earlier (at lowevereue levels). Anticipating this, the firm’s optima
decision is to keep a maximum level of retainedhiegs so that they are used to finance the groption
and reduce financing costs. Indeed, when operatisgs are equal to 50 the revenue level triggering
investment in the growth option 91.44 with zeraimed earnings while with operating costs equalil10
is 109.35. When the firm retains all earnings (flask =1) then the optimal investment trigger when
operating costs is equal to 50 is brought at el levels reaching 83.62 (while for operatingts axf

110 remains at a revenue level equal to 100). Atekiel of revenues of 83.62 where the firm optiynal
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triggers investment in the growth option the finagmeeds are (83.62-50)(1-0.3)-100 = 76.47. Thisld/
require financing costs 7.647 (10% on the finande{jcit). Instead, the firm alleviates these cdsts
retaining the after tax profits of period 0 (whiamount to 70) which grow at = 0.05 (continuously
compounded) to become 89.89. This more than cdhker§inancing needs of the firm at the investment

trigger.

[Insert Figure 4]

We now summarize the result about the effect offitatmlity on the importance of retained

earnings/dividends.

Result 2 (Theeffect of profitability for an unlevered firm). At lower level of firm profitability,
indicating a higher level of default risk, a higtevel of retained earnings (dividends) reducesréases)

unlevered firm value.

In Figures 5 and 6 we analyze the effect of revemlettility. First note that higher volatility ineases firm
value due to the existence of options effects f@eexample, Trigeorgis, 1996). In the case witlgnowth
option the presence of positive operating costatesean operational flexibility option value duethe
option to abandon (default) which increases in@athigher volatility. In the case with the growibtion

the volatility can further enhance value. Our resgshow however that at higher revenue volatiliy (
retained earnings have a larger negative impadironvalue. This can be seen by the steeper negativ
effect of increasing retained earnings at highdatility levels. This result is in line with Kiss¢2013),
however, in our case we show that this resultiieedrby default risk and holds both in the presearuein
the absence of a growth option. Effectively, atheigs the risk that accumulated cash balances will be
foregone increases and this reduces the valugaihee earnings. We have verified that this relsoltds

for various parameters and varying the level ofaghooption expansion factors (see also the regéts

follow).

[Insert Figure 5&6]
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We thus summarize the following result with regpgedhe effect of volatility.

Result 3 (The effect of volatility for an unlevered firm). Higher revenue volatility reduces (enhances)

the importance of retained earnings (dividends)esthe risk of default and foregone cash flowsédases.

Result 3 holds because of the presence of defakltuhich increases the risk of foregoing cash Hoit
higher volatility the chance of very favorable arety unfavorable states increases. In both thesesca
accumulated cash balances would not be value-emuari@n the highly favorable states the firm doet n
need the accumulated earnings anyway since it ®amxisting profits to finance the growth optiamthe

unfavorable states the firm faces the risk that¢hemsh balances will be lost.

Retained earnings may be value enhancing whenahneggnificant benefits of the growth option aieg

in the future. Figure 7 demonstrates this resultdoying the expansion factes that captures the accrued
benefits of the growth option following investmenthe Figure shows that a higher levelepEnhances
the role of retained earnings. This occurs sindb this high level of future benefits accruing fioe growth
option the firm will most likely invest in the expsion option. Given the high level of the investinarst
the firm will then have to incur a high level oftesnal financing costs if it does not accumulataired

earnings from earlier periods. Thus, in this caigaer level of retained earnings may be valueaaning.
[Insert Figure 7&8]

In Figure 8 we investigate the same case but nowssame higher external financing costs. We now see
that the role of retained earnings is further exsbkdn Compared with Figure 7 (where we used lower

financing costs of 10%) we see that in Figure &@sariable financing costs of 30%) firm value nmav
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be increasing in the plowback even for lower exmangactors. We note that a high level of external
financing costs may implicitly capture issues oframetric information since in those cases the fias

to issue securities at a discount. We can now @anmmthe following result.

Result 4 (The effect of growth options and exter nal financing costs for an unlevered firm). When the
level of expansion factor of growth options is leglthe importance of retained earnings (dividensls)
enhanced (reduced). The importance of retainediregr(dividends) is improved (reduced) at higher

external financing costs.

4.3. Therole of debt financing

In the presence of debt it is important to consitier relative impact of retained earnings/dividends
equity and debt values due to the presence of teifslu One should consider two possibilitiesirattbest
solution with firm value maximization implying thesence of agency conflicts between debt and equity
holders or a second-best solution amounting totgéustead of firm value maximization. A relatedus

is to consider whether equity holders have thetahi distribute any accumulated retained earniags
dividends prior to default or whether retained @ags are obtained by debt holders at default (¢&® a
Morrelec, 2001). We consider this latter effedbéopart of a solution involving the second-beastdction
4.3.1. we analyze the first-best case where refa@aenings are obtained by debt holders in thetesfen
default and where firm value maximization is usidirst-best solution may be achieved in the presen

of covenant restrictions, corporate governancehanr@sms or audit controls which alleviate the ifiwk

the debt holders that equity holders will distribatccumulated cash prior to default. In secti@i24.we
investigate the second-best case where equity fsolday use the proceeds from retained earnings to

increase dividend payouts prior to default thugding wealth from debt holders.

4.3.1. Retained earnings obtained by debt holders at default
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In the presence of debt the risk of default is it@dly introduced. This means that in the preseriaebt,
dividend irrelevancy does not hold even in the absef operating costs, costly growth options aerd z
bankruptcy costs. Assuming that retained earningg Ime captured by debt holders at default imphas t
debt capacity may be enhanced at higher retaimeihga. Similarly, Morrelec (2001) has also shotatt
increasing liquid assets may enhance debt capatien there are debt covenants protecting them from
shareholders’ disposition of liquid assets. We simawt that even under a first-best solution thénagit
plowback is determined by the relative impact ¢direed earnings on on equity and debt value. Adsis
shown next the risk of default is low (low volatli low operating costs/high profitability) a highevel
of retained earnings enhances debt more than thetien in equity and thus firm value is optimizatd
higher level of retained earnings. In fact we ab&icorner solution of 100% plowback. When the afk
default is substantial then the negative impacet#ined earnings on equity value is more signifi¢han
the positive impact on debt values. In generaltdube opposite direction of equity and debt valas a
function of retained earnings we may observe a &pshn firm value with respect to retained earnidgs
positive role of retained earnings exists in thespnce of growth options when retained earningshayid

external financing costs (just like we have fouodthe case of an unlevered firm).

Figure 9 shows the impact of retained earningsram £quity and debt values for two different les/ef
profitability. Importantly, the results show thathigher level of retained earnings reduces equity a
increases debt values. The overall effect on fiahues depends on the relative impact on equitydaod
values and a U-shape relationship between firmevahd retained earnings may appear. In general we
obtain corner solutions of either 0 or 100% plowbdepending on the relative impact of retained iegs

on equity and debt values.

As the figures show, equity values are decreasinthé level of retained earnings due to the risk th
retained earnings may be foregone while debt vaduesncreasing in the level of retained earnifige
results show that with high profitability, firm wsé may be enhanced at a higher level of retainedregs.

In this case of higher profitability the drop inugly value is more than balanced by the increasdeln
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value thus leading to firm value maximized at ehHigvel of retained earnings (100% plowback). Gn th
other hand, for lower the level of firm profitaljlithe decrease in equity value is more substartdiapared
to the increase in debt value (and we thus obtamiwion with 0 plowback). We summarize the foliogy

results:

Result 5 (Retained earningsirrelevancy and U-shape of retained ear ningswith debt). In the presence
of debt financing, retained earnings/dividend gwancydoes not hold because of the existence of default
risk. The effect of retained earnings on firm valukepends on the relative impact of retained egsnim
equity and debt values. Retained earnings haveyatine effect on equity and a positive on debt @slu

and may result in a U-shape in firm value.

Result 6a (The effect of profitability on equity). In the presence of debt financing a high level of

profitability substantially reduces the negativepaut of retained earnings on equity values.

Result 6b (The effect of profitability on debt). At low level of profitability the risk of defaulhcreases
and thus retained earnings can substantially iseredebt values by reducing default risk and the

recoverable amount in the event of default.

Result 6¢ (The effect of profitability on firm value). Firm value is optimized at higher level of retaine
earnings when the profitability is high since tlegative impact on equity value is less importaahtthe

positive impact on debt value. The opposite reshtiains when firm profitability is low.

Figure 10 shows the effect of volatility and growttions on firm value. First, notice that a highelatility

results in higher firm values due to the optionglmed (option to default and growth option). Howeyv
the figures show that both in the absence andampthsence of a growth option, an increase in Nibfat
substantiates the negative impact of retained egsnbn firm value. Evidently, an increase in vditgti
increases the risk of default and increases thativegmpact of higher retained earnings on equdtye.

Thus, despite the positive impact on debt valudsglfer retained earnings, the overall effect an fralue
is that firm values are reduced at higher retageatiings (the separate impact on equity and déisds
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not shown for brevity). Furthermore, the role dhieed earnings is shown to be enhanced in thepces
of the growth option since the firm can reduce mdkfinancing costs. This is more evident in thsecof
the growth option with relatively low volatilitys(= 0.2). Extensive sensitivity results at highgpansion

factors confirm this finding.
We thus summarize the following results:

Result 7 (The impact of revenue volatility in the presence of debt). An increase in revenue volatility
creates a more significant negative impact of nehiearnings on firm value. This arises becaubiyher
volatility there is a more significant negative iagp of higher retained earnings on equity value pamed

to the positive impact on debt value.

Result 8 (Theimpact of growth optionsin the presence of debt). The higher the level of the expansion
factor of the growth options the more important toke of retained earnings since they can be used t

reduce external financing costs.

4.3.1. Retained earnings obtained by equity holders just prior to default

The analysis of the previous section assumed tiaityeholders do not divert any accumulated cash
balances into higher payouts prior to default. 8sfed out by Morrelec (2001) who investigatedlatesd

issue of liquidations of assets this assumption hzase an effect on debt capacity.

We investigate this issue by running the model urdeecond-best solution of equity optimizationd an
under the assumption that debt holders do notbta accumulated cash balances at default. levibet

of default we assume that equity holders distrilléeaccumulated cash as divideffts.

10 In practice the distribution of dividends takescgldbefore default. To keep the model simple we taairthe
simplifying assumption that accumulated cash flanes distributed to equity holders when defaulteiached. Debt
holders then only receive the value of unleveresgitgsnet of bankruptcy costs.
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Despite the fact that retained earnings may berdalcby equity holders at default, our results shioat
equity values remain decreasing in the level cinetd earnings except for high levels of plowbatiere
a slight increase is achieved. This implies thaaieays obtain a second-best solution where thienapt
policy is zero retained earnings. In some cadesrthy match the solution which would have beeohed
under a first-best solution where a zero retaiegdllwould be optimal. As we have shown in the joney
subsection a low level of plowback would be optiraal high levels of default risk (high volatilithigh

operating costs/low profitability) or when growtptmns are negligible. In this case the agencyscaiit

be non-existent. In other cases we find that agensts do not exceed 2%.

Our results (also not shown for brevity) show thabt values are enhanced at higher level of raedaine
earnings even when retained earnings are eventlig#lyted to equity holders in the event of defalittis
enhancement in the value of debt at higher reta@aedings exists since the risk of default is redueith
the equity holders defaulting at lower revenue levénterestingly, the U-shape of firm value rensaalso

under a second-best solution.

Table 2 shows four cases that illustrate the sivefiagency conflicts for different levels of pitability

and volatility and in the presence or absencegrbavth option.

The results show that with low levels of defaudkr{high profitability, low volatility) and in thpresence

of growth options the optimal solution betweentfliest and second-best may deviate leading to ggenc
costs. In these cases the optimal solution undstrifest is 100% plowback of profits whereas a sd€o
best solution that caters only for the interesthefshareholders would result in zero plowbacle agency
costs are shown not to exceed the 2% level. Ageostg appear more significant in the presenceafrityr

options, low volatility and high firm profitability

In contrast, at low levels of profitability, higkuels of volatility and when growth options valgesmall

we do not obtain any differences in the optimalsien between first-best and second-best solutidrich
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is a zero plowback). Thus under these cases thmeggests over dividend policy are zero. We sunwaar

the following result.

Result 9 (Agency costs over dividend policy). Agency costs over dividend policy exists when fiyest
and second-best policies diverge. This is moréyit@occur when: firm profitability is high, voliity is
low and growth options are significant. Agency saster dividend policy (based on our simulations) d

not exceed 2% of firm value.

4.4. Therole of investment timing

In this section we investigate a variation of ourdel which allows for investment timing eithertat 0 or

att = T;. With investment timing the firm can start investmhearlier which allows for early enhancement
of revenues! In the particular setting analyzed in this secti@assume that with early exercise revenues
are not only enhanced at By & = 2 but the enhancement starts earlier,galBo by ¢2). Despite the
benefit of earlier enhancement of revenues arifsimm early exercising the option the firm may hawe
possibly incur higher financing costs early-on rezbtb finance the option since cash availableatdtage

may not be sufficient to cover the investment cestded to finance the option.

Figure 10 shows firm values of delaying (W) anceafly exercising (EE) the growth option for various
levels of plowback and at two levels of initial fitability. We choose to analyze a low and a hig¥ell of
initial profitability since in the former case tfiaancing costs of early-exercising the option e high
while in the latter will be reduced. We note tha¢ EE strategy is invariant to plowback since iha f
under both scenarios considered does not havelefaghllowing the financing of the growth option t
keep as retained earnings. The results show thext tie profitability is low and thus there are sufficient

cash balances to finance the investment costrimefill find it optimal to delay exercise of theviestment

11 For brevity we do not provide details of the nuroariimplementation of investment timing which isadable
uppon request.

33



option? Firm value under EE is substantially lower sirfee firm lacks enough initial cash balances and
thus has to incur high external financing cost$yeam to finance the growth option. On the othendheby
waiting the firm has an option value to reduce BEfinancing costs since it may enter a more fable
state of revenues next period which will reducedbsts of financing. In the second figure, theaditin is
reversed. Since now the initial profitability isgher, the external financing costs of early-exangishe
growth option are small and the firm can benefitfrearly enhancement of revenues. We summarize the

following result:

Result 7 (The effect of optimal timing) When the initial level of profitability or the acculated earnings
from earlier periods is low the advantage of eaxlgrcise is reduced since the firm has to incur bigernal
financing costs in order to finance the growth aptiAt higher initial profitability or high accumaitied
earnings from earlier periods early exercise becomere beneficial since it can enhance revenudg ear

on without the firm incurring high external finangi costs.

5. Conclusions

In this paper we developed a contingent claims inttd¢ accommodates revenue uncertainty, retained
earnings (dividend) choice and debt financing wiitk of default and bankruptcy costs. Our model/jutes
predictions for dividend/retained earnings irrelesiaand the factors that affect retained earninmgsiend
choice. The predictions of our model can be cotathwith the predictions of other theories and tioush

an invaluable tool for empirical researchers waogkimthe area.

We find that dividend policy irrelevancy criticallepends on the absence of default risk. In theepiee
of growth options, dividend irrelevancy remainghiére are no costs of external financing. We fimat t
lower firm profitability and higher volatility enemages higher distribution of dividends since thsra

higher risk of default and loss of accumulated dzeances in future periods. We emphasize the lpessi

12 Even though firm value is decreasing in plowbaclewlthe firm waits we observe that firm values fog tlelay
strategy (W) are higher than the value when the &arly exercises (EE).
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complementary role of retained earnings and detanfiing: a higher level of retained earnings may
enhance debt capacity in particular with highde ofsdefault (low profitability and high volatilijy Agency
costs over dividend policy are prevalent for firwith higher profitability, lower volatility and aigh value
of growth options and external financing costs. Ti@ng of investment depends critically on current
profitability and currently available cash balancdé$en current profitability and cash balancestagh
then the firm can avoid high external costs offfitiag the growth option by using available castabegs
and this encourages early exercise of the growtiiorppelse, the firm prefers to delay in anticipatihat

future external financing costs of the growth optwaill be lower.

35



References

Allen, Franklin, Antonio E. Bernardo, and Ivo Wel¢A theory of dividends based on tax clienteles."

Journal of Finance 55, no. 6 (2000): 2499-2536.

Asvanunt, Attakrit, Mark Broadie, and Suresh Suedan. "Managing Corporate Liquidity: Strategies

and Pricing Implications.Working Paper, 2010.

Bates, Thomas,W., Kathleen,M. Kahle, and Rene, tMzS'Why do U.S. firms hold so much more cash

than they used toJburnal of Finance, 64 (2009): 1985-2021.

Bhattacharya, Sudipto. "Imperfect information, died policy, and" the bird in the hand" fallacytier

Bell Journal of Economics (1979): 259-270.

Boyle, Glenn,W., and Graeme A. Guthrie. "Investmeélmtcertainty, and LiquidityJournal of Finance,

58 (2003): 2143-2166.

Brown, James R., and Bruce C. Petersen. "Cashngsldind R&D smoothingJournal of Corporate
Finance 17, no. 3 (2011): 694-709.

Brennan, Michael J. "Taxes, market valuation anga@te financial policy.National Tax Journal
(1970): 417-427.

Copeland, Tom, and Andrew Lyasoff. "Valuation of8s and Equity Financing in an Economy with

Frictions but no Leverage: the Value of Retainecthigs."Working Paper, Boston University School of

Management Research Paper Series 2013-1, 2013.

Cox, John C., Stephen A. Ross, and Mark Rubinst@iption pricing: A simplified approachJburnal

of financial Economics 7, no. 3 (1979): 229-263.

36



Easterbrook, Frank H. "Two agency-cost explanatairdividends. The American Economic Review 74,
no. 4 (1984): 650-659.

Economist, “Rise of distorporation”, Oct.26, 2013.

Fama, Eugene F., and Kenneth R. French. "Disapmedividends: changing firm characteristics or
lower propensity to pay?Journal of Financial economics 60, no. 1 (2001): 3-43.

Fama, Eugene F., and Kenneth R. French. "Testugoff and pecking order predictions about
dividends and debtReview of financial studies 15, no. 1 (2002): 1-33.

Gamba, Andrea, and Alexander Triantis. "The ValiEinancial Flexibility."Journal of Finance, 63

(2008): 2263-2296.

Goldstein, R., Ju, N., & Leland, H. “An EBIT Basktbdel of Dynamic Capital StructureThe Journal

of Business, 74(4), (2001): 483-512.

Hackbarth, Dirk, Christopher A. Hennessy, and Hagnéeland. "Can the trade-off theory explain debt

structure?.'Review of Financial Sudies 20, no. 5 (2007): 1389-1428.

Hennessy, Christopher A., and Toni M. Whited. "Hoostly is external financing? Evidence from a
structural estimation.The Journal of Finance 62, no. 4 (2007): 1705-1745.

Hirth, Stefan, and Marc Viswanatha. "Financing ¢aists, cash-flow risk, and corporate investment."

Journal of Corporate Finance, 17 (2011): 1496-1509.

Hirth, Stefan, and Uhrig-Homburg Marliese. "Investrhtiming, liquidity, and agency costs of debt.”

Journal of Corporate Finance, 16 (2010): 243-258.

Jensen, Michael C. "Agency Costs of Free Cash RBwporate Finance, and TakeoveAnierican

Economic Review, 76 (1986): 323-329.

37



Kisser, Michael. "The real option value of cadReView of Finance (2013).

Koussis, Nicos, Spiros H. Martzoukos, and Lenogdoigis. "Multi-stage product development with
exploration, value-enhancing, preemptive and intiomaoptions."Journal of Banking & Finance 37, no.

1 (2013): 174-190.

Leland, Hayne. "Corporate Debt Value, Bond Covesiaamid Optimal Capital Structuregdurnal of

Finance, 49 (1994): 1213-1252.

Lins, Karl V., Henri Servaes, and Peter Tufano. atiirives corporate liquidity? An international\sey

of cash holdings and lines of credildurnal of Financial Economics, 98 (2010): 160-175.

Mauer, David C., and Sudipto Sarkar, “Real Optigxgency Conflicts, and Optimal Capital Structure,”

Journal of Banking and Finance 26 (2005): 1405-1428.

Miller, Merton H., and Franco Modigliani. "Dividerblicy, growth and the valuation of sharekUrnal

of Business, 34 (1961): 411-433.

Miller, Merton H., and Kevin Rock. "Dividend poliaynder asymmetric informationJburnal of

Finance 40, no. 4 (1985): 1031-1051.

Miller, Merton H., and Myron S. Scholes. "Dividenalsd taxes.Journal of Financial Economics 6, no.4

(1978): 333-364.

Morellec, Erwan. "Asset liquidity, capital structyiand secured debt." Journal of Financial Econe®ilg

no. 2 (2001): 173-206.

Myers, Stewart, C. "The Capital Structure Puzzleurnal of Finance, 39 (1984): 574-592.

Palazzo, Dino. "Firm’s Cash Holdings and the Cr8gstion of Equity ReturnsWorking Paper, 2009.

38



Pennings Enrico, and Onno Lint. “The Option Valfiddvanced R&D."European Journal of Operational

Research, 103 (1997): 83-94.

Riddick, Leigh, A., and Toni, M. Whited. "The Comate Propensity to Savelburnal of Finance, 64
(2009): 1729-1766.

Sundaresan, Suresh and Neng, Wang. “Dynamic inesdtroapital structure, and debt overhang”
Working paper, 2006, Columbia University.

Trigeorgis, Lenos. Real options: Managerial flelitipiand strategy in resource allocation. MIT press

1996.

39



Appendix

A benchmark three stage model

In this appendix we develop an analytic solutiantfi@ unlevered firm in the absence of debt finagend
liquidity choice which is used as benchmark for there complex numerical model of the subsequent

section. Revenues are assumed to follow a Geonfgmienian Motion (see equation 1 of the main text)

We split the operational phase of the firm in 3iqa#s with operations and decisions occurring at £
=T, and t = . We also assume that the firm may choose to almaaperations at any time (with zero

bankruptcy costs). Ati, the firm will decide whether to abandon operatidriaining zero (mode “A”),

whether to continue operations (mode “S”) whichl wekult in profits(P—C)@—7) or invest X and
expand revenues bg (mode “E”) thus driving revenues t@P. In the last period, the firm decides
whether to operate or not, and, depending on thiside to expand or not will either receive PeyP

(wheree, may be different tha®;) . Note that in general there are three regiorthérintermediary time

T1 which have the following sequence (starting fromvdr values of P): A, S and E. The value of the fir

at t = 0 can thus be obtained by:

V(P)=(P-C)1-1)+P@- T)e_drl (N(as;) = N(ag,)) -C@- re’™ (N(asz) = N(ag,))
+ePe"N(ag,) - (CL-7) + Xg)e " N(ag »)

+e7" PL-7)(N(asz,bs1,0) = N(ag;,bsy,0)) —CA- r)e ™ (N(as2,bs >, 0) = N(ag 5,bs 5, 0))
+e™r &PQL-7)N(ag;,bg;,0) -CA- e’ N(ag 2. be 2, 0)

(A1)

The value of the firm consists of the value of apieg in first period (first term), the value oktloption to
operate under normal mode in second period reaeignenues and paying costs (second and third term)
the value of the option to expand revenues in doersd period by incurring an additional investmmsyst
(fourth and fifth term), the value of cash flowsden normal mode at;Tassuming the firm remains in
normal mode at T (sixth and seventh term) and the value of casWsflander expanded mode at T

assuming the firm invests in the expansion optibid & (eighth and ninth term). Note that the term (
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N(as,) — N(ag ,)) captures the probability of entering the regidnoperate, i.e., probability that (
P, <P < P) and (N(ag;.bs;, 0) = N(ag4,bs,,0)) captures the probability that the firm operates

under normal state at T1 and stays in operatidp, ae, the probability thatPs < R, < P)n (R, >C)

The following apply for regions, r =S, E:

_In(P/R")+(r -3+ 050%)T, + 050”

ak (oyT)

Qo= 0\/T_l (A2)

In(P/C)+(r -3+ 0502)T _ _ T
b .= , b,=b,-oJT p=|2 .
rl J\/_F r,2 rl p T2
Since in general there are three regions in tlegrimdiary time Thaving the sequence (starting from the
lower values of P) A, S and E, this requires olit@riwo thresholds. The first one is betwe®mand S

which is obtained from solving the following (trigg equation:

(P -C)A-7)+P;A-1)e "N (bg,)
-C(-1)e" " N(bg,) =0

In(P} /C)+(r -5+ 0502)(T, - Ty)

gy (Tz - Tl) (A3)

bs, =

bs, =bs; =0 (T, -T))

and the second one is the threshold between S aith is obtained from the following (trigger) edion:
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(&Pt —C)1-7)+e,P: (1-1)e W N(bg,) -CL-7)e" "N (bg,) - X¢
= (Pt -C)A-1)+ P @-1)e ™ N(be,) -C-7)e" VN(be ,)

_Inle,P /C)+(r -6+ 0507)(T, -T,)

e o, T

(A4)

be , =0, —o(T, —Ty)
The termdbs 1 andbs 2 are obtained from equation (A3).

It is possible that the growth option region congdie dominates the normal region at This would be
the case iﬂ:’E < PS* which means the growth option is triggered eathan the normal operating mode. In
that case there are only two regions at T1, A ané& equation (2) simplifies to:

V(P)=(P-C)L-7)+ePe”"N(ag,) - (CAL-7)+ Xg)e "N(ag,)

(AS)
+ e_ﬂzezp(l_ r)N(agy,beq,0)-CQA- r)e" " N(ag 2, be 2, 0)

In this case we need to obtain the threshold dfcéivig from the abandonment mode to the growthoopti

which is obtained by solving:

(&P ~C)-7) +e,PL @-1)e " N (be,)
-C@-1)e" T ™WN(be,) - Xg =0

Inle,P. /C -9+ 050%)(T, -T
be, = n(ez E )"‘(r + )T —Th) (AB)

oy(T, -Ty)
be, =bg, —0(T, - T))

Accuracy of the numerical lattice model
The following table tests the accuracy of the nuca¢model provided in section 3 by providing a

comparison of the analytic model developed in ttewipus section of the appendix against the nurakric
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lattice model. The results indicate that the nucaiattice model is fairly accurate and can thesibed
to accommodate more realistic features includiggidlity choice, external financing costs, debt and

bankruptcy costs.

[Insert Table Al]
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Table Al. Accuracy of the numerical model

No growth With growth
c Analytic  Numerical e Analytic  Numerical
0.05 33.639 33.639 1.0 42.723 42.725
0.10 35.781 35.781 11 45.050 45.091
0.15 39.058 39.064 1.2 52.609 52.599
0.20 42.723 42.725 1.3 60.757 60.76(
0.25 46.518 46.530 14 69.246 69.25(
0.30 50.331 50.323 15 77.999 77.999
0.35 54.106 54.116 1.6 86.955 86.953
0.40 57.806 57.823 1.7 96.067 96.066¢
0.45 61.408 61.407 1.8 105.301 105.300
0.50 64.893 64.876 1.9 114.629 114.627
0.55 68.248 68.254 2.0 124.029 124.025

Note: We use P =100, C= 80= 0.3,r = 0.05,0 = 0.05,T; =5, T.=10. In panel A (No growth) we use=e>=0 (no
growth) and volatilitys varies from 0.05-0.55. In panel B (Growth) we wse 0.2, cost of exercising the growth
option Xz = 10 and vary € e2 from 1-2 (e=&). For the analytic solution we use equation (A3t the numerical
model we use the lattice based solution of se@iamith Ni = 200 steps (assuming no debt, no liquidity cheicé

zero issuance costs).
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Table 1. A simple exampleillustrating the differ ences between retained ear nings/dividend policies

Plowback =0 at t=0 Plowback =50% att50  Plowbadl00% at t=0 Differences
(2)-(1) (3)-(1) (3)-(2)

Revenue Firm (1) Decision Firm (2) Decision Firmy (3 Decision +R; +R3 +R(3-2)

244,59 371.63 Growth 416.57 Growth 461.51 Growth 000. 0.00 0.00
156.39 160.99 Growth 210.43 Growth 255.53 Growth 494, 4.65 0.16
100.00 29.61 Normal 74.77 Growth 123.82 Growth 0.22 4.33 411

63.94 0.00 Default 37.45 Normal 82.39 Normal -7.49 -7.49 0.00

40.88 0.00 Default 0.00 Default 62.93 Norma| -44.94 -26.96 17.98

Note: We use P =100,€Cr =0, X =0, G = & =80,t = 0.3, r == 8 = 0.05,6 = 0.2,T1 =5, T.=10 and a growth
option with a cost X=100 and £1, e =3. We use variable issuange\0.1 (fixed external financing costs are
set to zero). The decision “Growth” is to exerdise growth option, the decision “Normal” is notexercise the
growth option and remain at a normal state of dp@ra and the decision “Default” is to abandon agiens. Rare
the retained earnings kept from period 0 which améai 44.94 when the plowback =50% and 89.88 when t
plowback is 100%. Firm (2) and Firm (3) includesdé retained earnings since the firm optimally kesgo
retained earnings at; Tor both policies.

Table 2. A comparison of first-best and second-best solutions and agency costs

First-best Second-best

Firm Equity  Debt Firm Equity  Debt AC
No growth
Low cost 126.31 102.99 23.31 124.76 104.90 19.86.01D
High cost 86.68 79.87 6.81 86.68 79.87 6.81 0.000
Growth
Low volatility 118.64 96.89 21.75 116.93 103.37 5B. 0.015
High volatility =~ 145.82 135.11 10.71 145.82 135.11 0.71 0.000

Note: We use P =100,€0, X, =0, , G =20,t=0.3, b =0.2, r 5r=9 = 0.05, T1 =5, T2=10 and=®e=1 (No growth
option) and e=1, e=3, Xe = 100 (Growth). For high profitability we usa € G, = 50 and for low profitability we
use G = G = 110. For high volatility we use =0.4 and for low volatilitys =0.2. Variable issuance costis~v0.1

and fixed cost of external financing zero.
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Figure 1. Optimal level of retained earnings without default risk
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Figure 2. Optimal level of retained earnings with default risk
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Note: In figure 1 we use P =100,%C; C,=Cr =0, X =0,71= 0.3, r =(=6 = 0.05,6 = 0.2,T1 =5, T,=10. In “without

growth” case we use®e=1 and in “growth” case growth option cost X 100 and €1, @ =3. We use variable

issuance costsw 0 or \v= 0.1 (fixed external financing costs are set t@dn Figure 2 we set$SCr=0 and G =

C> = 80 (adding risk of default) and in “growth” cag®wth option cost X=100 and &1, e =3.
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Figure 3. Theimpact of firm profitability (No growth option)
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Note: We use P =100,06Cr =X0 =0,7 = 0.3, r ==3 = 0.05,c = 0.2, T; =5, T,=10 and variable issuance costsv

0.1. We vary firm profitability by varying the opmging cost € and G to be 110, 80 or 50.
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Figure4. Theimpact of firm profitability (With growth option)
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Note: We use P =100,08Cr =Xo =0,7 = 0.3, r =%=6 = 0.05,6 = 0.2, T, =5, T>=10 and variable issuance costsVv
0.1, and a growth option with cost X 100, e=1, & =3. We vary firm profitability by varying the opgimg cost ¢

and G to be 110, 80 or 50.
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Figure5. Theimpact of revenue volatility (No growth option)
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Figure 6. Theimpact of revenue volatility (With growth option)
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Note: In figure 5 we use P =100, Co=0, Xo =0, C; = C; = 80, 1 = 0.3, r =r, =6= 0.05, 6 = 0.2,T; =5, T,=10 and variable
issuance costs ve= 0.1, and e;=e>=1 (no growth). In figure 6 we add a growth option with cost Xe = 100, e1=1, e; =3.

In both figure 5 and 6 we vary revenue volatility between 0.2 and 0.4.
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Figure 7. Theimpact of expansion option
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Figure 8. Theimpact of expansion option

Variable financing costs = 20%
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Note: In figure 7 and 8 we use P =100=Q, X, =0, G = G =80,1 = 0.3, r == 6 =0.05,6 = 0.2,T; =5, T.=10
with a growth option with costx= 100, e=1, and =2, 3,4 and 5. In Figure 7 we use variable exidinancing
costs ¥ =0.1 and in figure 8xv= 0.2. We assume fixed cost of external finaneirgzero in both figures.
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Figure9. Theimpact of debt financing and pr ofitability
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Note: We use P =100,060, X, =0, , &=20,1=0.3,b =0.2,r zr=0 =0.05,6 = 0.2, =5, T,=10 and ¢ &=1 (No

growth option). For high profitability we usei €& G = 50 and for low profitability we useiG G = 80. Variable

issuance costsw 0.1 and fixed cost of external financing zero.
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Figure 10. Theimpact of revenue volatility
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Note: We use P =100,0€0, X, =0, , G=C,=80, G =20,71=0.3, b =0.2, r =r=0 = 0.05, T, =5, T,=10 and &= &=1

(No growth option) andiel, e=3, Xg = 100 (Growth). For high volatility we use =0.4 and for low volatilitys

=0.2.Variable issuance costs«0.1 and fixed cost of external financing zero.
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Figure 11. Theimpact of investment timing
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Note: We use P =50 or 100,<C, = G; = 80, % =0, , & =0, 1=0.3,b =0, r 5r=5 = 0.05,6 = 0.2, T, =5, T>=10
and e=1, e=2, Xg = 50. Variable issuance costs=v0.1 and fixed cost of external financing zero.”téfines the
value of the firm when it does not early exerclse dption to invest (waits) and “EE” defines théuesof the firm if
it decides to early exercise the option. In theetatase the firm needs to finance the shortage external financing

implying that the firm cannot keep any level ofaieed earnings.
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