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Abstract

We develop a dynamic investment options framewhek taptures “time-to-build” and
realistic features for multiple classes of debg. elebt seniority and interacting debt
issues with various maturities. The study inveséigathe effect of debt and equity
constraints on firm value, dynamic leverage chaind the effect of “time-to-build” on
firm value and leverage choice. It is shown thditra is more likely to face financing
constraints with short term debt. With “time-tooliithe firm increases leverage in order
to reduce the impact of delayed cash flow recaipssilting from “time-to-build”. The
joint impact of “time-to-build” and financing comaints cause a significant decrease in

firm values.
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1. Introduction

Recent theoretical developments in corporate fiedmailding on Leland (1994) have
provided a unified framework for the analysis of@stment and financing decisions of
the firm. An example is Mauer and Sarkar (2005)eeding Leland (1994) to include a
single investment option. Furthermore, Sundaresah Wang (2007) develop a two-
stage investment valuation with two sequential detites. They provide insights on the
interaction between investment and financing deonsidiscussing debt overhang and
leverage choices of firms in the presence of grawgiions. Hackbarth and Mauer (2010)
use a similar dynamic model to analyze the joinbich of debt priority and capital
structure with an expansion option. In this paywerdevelop a comprehensive model
along the lines of this literature using a numdrlmaomial tree approach that extends
Broadie and Kaya (2007), allowing for optimal capgtructure, multiple debt issues with
different priority rules and investment option sagWe use this model to analyze the
effect of equity and debt financing constraints.rétver, we also analyze how time-to-
build affects leverage choices and how the joiespnce of time-to-build and financing
constraints would affect firm values and leverageices over time. To our knowledge,
this problem and this framework have not been &tllithin the literature so far.

There is an extensive empirical literature documgnthe existence of financing
constraints (see for example, Rauh (2006) and Hdbétaal., 1995, and Whited and Wu
2006). Gomes et al. (2006) show that debt conssraipresent a risk factor of firm
returns. Hirth and Uhrig-Homburg (2010) and Kossand Martzoukos (2010) analyze
exogenous debt constraints impact on the timingneéstment, showing a U-shape
pattern of the investment threshold and leveragelde Titman et al. (2004) investigate
the impact of financing constraints on default adeeand Lensik and Sterken (2002)
discuss conditions under which credit rationing lanks may apply in a real option
model. Financing constraints may be the result syfmametric information and moral
hazard between debt and equity holders (see JamskMeckling, 1976 and Myers and
Majluf, 1984). Financial institutions may often @gg in credit rationing in response to
adverse selection or moral hazard problems, iet.limits to available funding (see for
example Fazzari et al., 1988 and Stiglitz and Wdi881). Berger and Udell (2002) point



out that banks use several methods (like finansiatement analysis, credit scoring,
asset-based lending and relationship banking) ireféort to alleviate these problems.
And yet, empirical evidence shows that financiahsteaints are pervasive in particular
for small firms. In this paper we introduce debthstraints by imposing ceilings on the
level of installment based on the revenue leveteatime of the decision to lend.

Besides the existence of bank financing constrafitas may face equity
financing constrainfs Uhrig-Homburg (2004) explores costly equity isshat can lead
to a cash flow shortage restriction. Fazzari aneéren (1993) explain that low net worth
may induce or exasperate financing constraints. drigeiment is that low or negative
values of net worth make it substantially more lgofstr the company to obtain financing
from outside sources since the value of collateable assets is lower. In this paper we
also investigate the impact of non-negative netthivoonstraints on equity, on the firm
value and the levels of debt used by the firms. @aults confirm that non-negative net
worth (equity) constraints affect the firm’s choigiedebt by reducing debt levels in order
to mitigate the possibility of future negative medrth as revenue uncertainty unfolds.

A real options approach is adopted in this paperx@mine a firm’s decision to
invest in a large capital project, which takes salvgears to build. For long construction
period projects the firm has the option to haltstaction, permanently or temporarily at
various stages. The investment represents an updoadn existing plant and once the
upgrade is installed, the firm has the option tepgmd operation if the benefits do not
cover the variable costs. Time-to-build reflectthg time it takes for the completion of a
project characterizes many investment decisions exidts at different intensities,
depending on the industry the firm operates. F@mgle, a typical technology project
may take 5 years or less for completion (see fargte, Pennings and Lint, 1997, for a
particular case of Philips in multimedia). The sHwrizon may be attributed to inherent
small product cycles or increased competition. d.a@levelopment projects may be
delayed until a construction permit is issued, \wHigkes time in particular in countries
with less developed governmental procedures (Bar-land Strange, 1996). The

development of land itself takes time to completech varies with the complexity and

2 Liquidity constraints may also affect the firm’s/estment decisions (see for example Boyle and @t2003 and
Cleary et al., 2007). We do not explore issuegpiidity in this paper.



size of the project. In some industries delays hie tompletion of a project and
uncertainties are even more important. For exampey drug development may take
more than 11 years for completion (Schwartz and M@&®D005. Investment in power
plants or aerospace projects may take about 6-a€sye complete (see Bar-llan and
Strange, 1996 and references therein) and, typjctie installation of scrubbers to
control pollution emissions and other abatemertirtetogies require at least 3-4 years to
complete (Insley, 2003). However, there are vew tieeoretical studies considering the
impact of time-to-build on the valuation of an istment project. Theoretical work
about real option valuation and time-to-build hasused on the case without optimal
capital structure (see Majd and Pindyck, 1987, IBar-and Strange, 1996 and 1998). In
Majd and Pindyck (1987) there is a maximum rat@ldath construction proceeds, so that
it takes time before the project is completed aediis to generate revenue. Investment
proceeds continuously until the project is completalthough construction can be
stopped and later restarted without a cost. Inrasttin our paper investment decisions
are made discretely, rather than continuouslyirkiestment option comes to the end of
its useful life, instead of being infinitely livednd optimal capital structure and financial
constraints are introduced. Koussis et al. (2@0Wlyze a similar case called “time-to-
learn” where the firms learn new information abdlé project with a time lag. An
interesting result which emerges from the above tioeed papers is that the usual
relationship between volatility and the opportunityst with the timing of investment
may be reversed in the presence of time-to-build. $hown that an increase in volatility
or a decrease in the opportunity cost may accelengestment in the presence of time-
to-build. This result holds because an increasa@mn-to-build causes a reduction in the
value (moneyness) of the option, so that an ineréasvolatility or a decrease in the
opportunity cost may sufficiently increase the ealof the project triggering earlier
investment. We show that low volatility may caussu#stantial decrease in value with
net worth constraints and time-to-build since duees the possibility of the firm to use
more debt to alleviate time-to-build constraintewler competitive erosion however acts

favorably since the firm may borrow more heavily.

3 Certain stages need to be completed which inclueldipical testing of about 2 years, phase | cihidals for 2
years, phase Il clinical trials of 2 more yearsagshlll clinical trials of 3 years and FDA approedbbout 2.5 years.



In the case of long term debt we find that the foptimally sets low coupon
levels which make the impact of debt financing ¢aamsts and the possibility for
negative net worth less probable. In the case oftdlrm debt the firm optimally sets
coupon levels to be high often exceeding revenueldeat the time of debt issue. It is
observed that with short term debt and in the at®sef financing constraints firm values
are higher than the long term cases because theaficelerates the tax benefits of debt.
In the presence of non-negative net worth (equity)straints an increase in volatility
hurts firm value by decreasing both the value déwered assets and the tax benefits of
debt. This decrease in the tax benefits of debaised by the decrease in the use of debt
in early stages, although subsequent leverage menedse. With debt financing
constraints higher volatility increases firm valfe out-of-the money options by
increasing the option value component of firm valsiace the firm cannot exploit high
tax benefits of debt). For in-the-money optionsirarease in volatility has little impact
on firm values.

With time-to-build debt levels increase to allégighe impact of delayed cash
flow receipt due to time-to-build. With low volaty the impact of time-to-build on firm
value is reduced since the firm can borrow morevihe@a order to alleviate the impact
of time-to-build. A similar effect holds for low gprtunity cost-competitive erosion.
Equity financing constraints have an important @ffen firm values in the presence of
time-to-build reaching 31% for 5 year time-to-louliorizons and 43% to 10 year time-
to-build horizon). For low volatility and high opganity cost the impact of equity
financing constraints with time-to-build is morgymificant. Debt financing constraints
impact on firm values is highly significant reachi#i2% for plausible parameter values.
Time-to-build is similar between high and low vdligt (in contrast to equity constraints
where the impact at low volatility is more sign#itt). At low opportunity cost debt
financing constraints significantly reduce bankoyptisk (because of the high debt
capacity in the unconstrained case) and the firlangas the leverage levels between the
initial and the subsequent debt issue.

Overall, we demonstrate the flexibility of the ie¢t method to incorporate several

features that are embedded in many investment idesischaracterized by lengthy



construction periods and financing constraints. @aper is organized as follows. Section

2 describes the model, Section 3 presents the meahegsults and Section 4 concludes.
2. The model
The model without financing constraints

We assume that price (or revenue) follows a geamBtownian motion of the form:

d—PF)=adt+odZ

wherea , o > 0 are constant parameters, r is the risk-inéerést rate andZ is the
increment of a standard Wiener process. The firgs pa operational cogt so that total
earnings before interest and taxesPiC. The firm decides whether to exercise its

investment option at tim&, by paying an irreversible fixed cdstand choosing a mix of
debt D;(P) and equity (; — D;(P)) to finance the investment cost. At investmemt th
equity holders receive a levered equity positionaded byE, (P) . The firm has a useful
life (firm maturity) T . After the first investment stage, subsequentstment stages
may follow with maturitiesT;, i = 23,...S relative to the prior stage (so that accumulated
time for thei option isT, +T, +..T,). At each investment stage the firm may decide to
issue new debt and rebalance its capital struttDebt issueé demands a tax-deductible
coupon paymenR, per period and a final principal debt (face valle)at maturity. Debt
maturity for each debt issue is specified By withT, <T, Tp, <Tp — (T, +T,),

Tp, <Te - (T, +T, +T;) etc.

In order to accommodate the choice of differentpawulevels at each investment
stage we employ forward-backward algorithm. Theoalgm proceeds by first creating
the pre-investment stage tree with steps. At each price level at the end nodes of the
first investment stage, several lattices are ccetitat capture the next operational phase

and default decisions conditional on the choicetr& coupon level. Coupon levels

* We assume that existing debt cannot be repald athis stage so the firm has the option only to
increase its debt usage.



depend on the level of revenugst each state which is discretized through thecehof

ne points and the use of a maximumayf,, points. This implies a coupon grid of:

coupon = {O,i P 2 rp,.. Snax P}
n

C C nC

Figure 1 illustrates (using a two-stage exampley lthe lattice algorithm is applied for
multiple investment stages and multiple debt isslibe operational phase is initiated at

the time of the first investment maturifiy and is assumed to have duration Tof

periods. It may however be terminated if operati@ogts or coupon payments cause the
firm to default (we explain endogenous default siecis in greater detail below).
Operations may also be terminated at the subsequergstment stages if the firm decides
not to proceed with new investment. At the endeffirst investment horizon a first debt
issue can be made. At this stage the first couptetson process starts with new lattice
trees created. Depending on the maturity of the flebt issue, the coupon payments may
continue to exist after the second investment stagthe third if one exists). At the time
of the second investment stage, the firm may deaida new debt issue. At this stage a
new coupon search process will stagnditional on the earlier coupon selection.
Similarly, the debt maturity of the second optiomyror may not overlap with other

stages and should mature before the end of thatpeal phase of the firm.
[Insert Figure 1 here]
Investment stages are approximated by lattices svitbs that are defined relative

to the tree used for the pre-investment stage wisialsed as benchmark. Denoting the

pre-investment stage witN, the size of tha subsequent interval € 23 ).will thus

be N; =(_Tr—'j N,. The last period (after Tg) is approximated by
1
Tl Tl



If new investment leads to expansion of revenues this is modeled using,,e,..eq
expansion factors multiplying the revenue variafilee revenue level at stagequals
(e, +e,..e) times the revenue of that stage. When investnumtsot expand cash flows
the expansion factors will be set to zero with oe]y=1. In the event of bankruptcy

proportional costd to the value of the firm are supposed to be irexlirPriority rules
for debt holders in case of default need also tgpeified. Here both absolute priority
(APR) and pari-passu (PPR) rules will be considettnder APR of the early debt issues

debt holders valueat timet, D, in case of default is specified by:

Dy, = min|@- b)Y, R At + D, |

j-1 -
D = min[L-b)V," = X. D, RAt+D;], j=2,...S
i=1

where I5it denotes the expected continuation value for dedutel in case the firm does

not default at calculated aslSit = (PyDtsgen + €= Py)Diaty )e"™ > Notice that this rule

is slightly different from the one specified in Siamesan and Wang (2007), where debt

holders’ recovery value is based on the face vafugebt and not on the continuation
value of debt 5“) at the default date. In the case of PPR dehtejain the event of

bankruptcy will be determined by:

Dit u ;
Djt =5 (L-b)V,", ]=1,2,..S (1b)
> Dy

i=1

® The continuation value can be thought of the valuen otherwise identical loan made to a firm with
same characteristics in case it does not defaulfTéis takes into account that equity holders nfagose
to default at a subsequent stage.



A standard formulation of the lattice parametensthe up and down jumps and the up
and down probabilities (see Cox, Ross and RubmstEd79) requires thati=e™,

1 ettt —g

dze—adtza, pu F

, Pg =1-p,, where dt -Te and ¢ is an opportunity

cost parameter. We keep track of the following linfation at each node of the binomial
tree: unlevered assetg { ), tax benefits of debfB), bankruptcy costsEC ), equity E),

debt issues;, D,,...) and levered firm value(").

Cash inflows (revenues) and outflows (costs aner@st payments) as well as decisions
occur every time steft. At can be controlled by a variabld,,. that specifies the

number of decision points within each unit pefiotlet the corporate tax rate be denoted
by 7>0. At the end of the operational phasge equity and the other variables are

calculated as follows:

S S
Er =may (P-C-Y RI®)1-1)At-) Filidebt,o} (2a)
i=1 i=1
where | ™" is an indicator that takes the value of 1 if dissuei has not expired and

zero otherwisé
If E;_ >0, then
Vi = (P-C)L-1)At

B, = r(i R | % jAt
i=1

BCT,: =0 (2 b)

6 Thus,At = 1/Ndec. Eacht interval is approximated by a sub-treg.N'o maintain accuracy discounting occurs for
the interval dt = TN;. In principle, the decisions can be made as desspossible approximating the continuous
decision limit when N tends to infinity.

! This requires that we keep track of elapsed timeézh debt issue.
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Dir, =RAt+F,

S
VTl; =Er +ZDi|idebt ,
i=1
otherwise ifE; = O (i.e., bankruptcy occurs):
Vi =(P-C)(L-1)At
B, =0 (2c)
BC, =bV}

Vi =E +Dp .

Debt values at maturity in the event of default efep on the priority rule. If APR is
defined then:

Dy, = min|@- bV ,RAL +F,| (2d)

-1
Djr. = min[1-b)v" —ZDiTF,RjAt+ Fl.i=2..S

i=1
In the case of PPR:
Di,TF

S
2.Di,
i=1

Diy = [-b)vy, (2e)

Prior to the maturity of the operational phase (aftdr all investments have taken place)
the values of each of these variables are calcubgdollows:

S ~
E, =ma (P—C—ZRIidebt)(l—r)AHEt,O} (3a)
i=1

8 If the value of unleveled assets turns negdtiea the value of all variables are set to zero.

11



If E >0, then

VY = (P-C)(1L-1)At +V,"
BC, =0+BC: (3b)

S -~
TB, = r(z R | % jAt +TBy
i=1

D, = RAt+Diy
L S debt
Vi =B +2 Dyl
i=1

whereas, if E;, =0 then

VY =(P-C)(1-7)At +V,*
BC, =b\}" (3b)
TB, =0

s
VtL =k, "'_Z‘iDitlidebt ,
|=

where x denotes the expected discounted value of variableand equals
% = (PuXsain + - Pu)Xsa)e ™ . Debt values are determined similarly depending

the priority structure. Under APR expression (la) @e applied while for the case of

PPR one would use equation (1b) for each debt value

For points within the lattice not involving a deois to default or not, which are used for
increased accuracy, the values of each variabléhardiscounted expected values of the
variables of the following period.

At the maturity of each investment option stageccurring at timet, wheret takes
values according to the specified investment miagrithe levered firm value includes
the equity value plus the amount of debt received plus the expected values of debt
raised in the future minus the total cost whicHudes the investment paid atstage and

the expected cost to be paid in the future:

12



s - s - s -
V" =max[E, + Dy + YDy —(I; + X 1,),0] = maxy," +TB, —BC, - (I; + X 1,)0]

k=i+1 k=i+1 k=i+1

(4)

For example, in the first investment stage andragsy two stages only, the condition at

the maturity of the investment stage would be:

Vi =max[Ey + Dy + Dy, 1, —1,0] =maxy +TBy -BC;, —1,-1,0]
while at the second stage the condition at investinecomes:

Ve =max[Ey, + Dy —1,,0]=max\Vy +TB; - BCy, ~1,0]

Bankruptcy in periods between investment staged faior to the final investment) is
triggered when the earnings net of cost and coygayments plus the expected levered
firm value (which includes expected equity valugpexted cash received by debt issues
and expected costs to be paid) are negative. Thedfankruptcy condition for any tinte

prior to the last investment stage is:

A =ma{(P—C—IZRiIidebt)(l—r)AH\ZL,O} (5)

i=1
If VtL >0 then the values at that stage are calculated egquations (3a) and (3b) while

in case of bankruptcy using equations (3c) and (@dlb in the case of PPR).

The values obtained at the first investment stagealscounted at= 0. The value of the
firm at time zero involves the sum of the presaitg of equity, all expected debt issues
minus the expected present value of the investmests. This is equivalent to the
expected present value of the unlevered assetsh@usxpected present value of the tax

benefits minus the expected present value of batéylwand the investment costs.

13



Finally, in order to evaluate the amount of leveraged one can calculate the proportion
of each debt value over the total value of equitysplebt. In the case of two stages
considered in our numerical results we calculateglmeasures. All measures use the
time 0 values of equity and debt (despite the tlaat some debt may be issued at a future
date). The first measure (L@uncludes only the first debt issue over the to@ue of
equity plus all debt. The second measure {) @wludes the proportion of the second
debt issue over the value of equity plus all debtieés. The third measure is total leverage

over the total value of equity plus debt (kev
Incor por ating financing constraints

A firm may face equity or debt financing constrairdr both. We first note that the
bankruptcy trigger decision between investmentestatgscribed in (5) allows that equity
value between stages becomes negative implyingjaityanfusion of cash (or negative
net worth) if the continuation value is sufficigntlarge to justify it. In order to

incorporate equity financing constraints in our muital simulations we investigate the
case where equity holders face constraints wheargioh remains positive at all times,

e, E 2 0°. We note that this condition does not imply thrare is no equity financing

since this condition still allows that equity halddinance part or all of the investment
cost at the time investments take place. HowevYat, any point in time after investment
equity value drops to zero default is triggeredhaitt considering additional infusion of
cash. This type of constraints may reflect diffid in raising new external finance in
the case where the firm is not performing welltgg inability of current equity holders to

infuse new cash because of personal financing N.

Debt constraints are also easily incorporated is fitamework by limiting the possible
coupon level at the borrowing date. A reasonablg veaformulate this is to allow

coupon rates to be only a fraction of the revemwellat which the leverage decision is

° Alternative constraints where partial infusioncash prior to investment equity can be easily arealy
We analyze the most serious form of these conssain

14



made. This is a particularly reasonable assummspecially for bank loans since banks
normally take into consideration that the couparsté@liment) is only a fraction of the
current revenue levels of the firm before settipgaunew loan in order to limit the risk of

default.

3. Numerical results and discussion

Numerical accuracy of the algorithm

Table 1 describes the numerical accuracy of theemdd general our investigation
reveals that firm values exhibit small oscillatiodmstween small and larger number of
lattice steps. This is particularly important sinhe differences between 12 and 24 steps

do not exceed 3.6% and are not affected by theiltylaised.

[Insert table 1 here]

Similar results apply for the value of unleveredeads, tax benefits and bankruptcy costs
which exhibit some oscillations which are in gehesmall. Equity and debt values
exhibit the largest oscillations. This is expecbeded as pointed out by the analysis of
Broadie and Kaya (2007) and Agliardi and Kouss®L(® working with lattice models in
a similar context. As pointed out in these papeist dalues are oscillatory because the
approximation of the default boundary is particiyl@mportant. In general, equity values
are not very oscillatory when investment options aot involved but in our case
approximation of the investment trigger exasperatasty oscillations as well. Despite
the oscillatory nature of the solution with resptrthese values important conclusions

can be reached about several issues as discus$ad. b

Long term debt without constraints

In this section we investigate the case of longntelebt where the early debt issue

horizon interacts with the subsequent debt issu@lllour numerical simulations in this

15



and the following sections we adopt APR of thet fitsbt issue. Results are not materially

altered with PPR, with only slight increases in skeond debt issue vafle

Table 2 presents the sensitivity results for theglderm debt case with respect to
volatility. We first observe that with long ternelat firms optimally select the coupon
levels to be much lower than the current revenuels$e For this reason the debt financing
constraints (of the form analyzed in this papeagsercentage of current revenues) are
not binding. Similarly, because of the low coupewméls negative net worth and equity
infusion is also not important. This can be con&dsvith the short term debt case that
will be investigated in the next subsection, whéineas would optimally choose high
coupon levels in the unconstrained case which womd#le debt constraints binding and
also increase the likelihood of negative net wathrevenue uncertainty unfolds.

We observe an interesting U-shape pattern of fialmes as a function of volatility for

relatively out-of-the-money to at-the-money optidnhis result is due to the trade-offs
involved: a higher volatility increases the optigalue on unlevered assets (net of
investment costs) but reduces the net benefitsebt (ax benefits minus bankruptcy
costs). This result is similar to the result on¢aois for one-stage investment problem
with one debt issue (e.g., using Mauer and Sa@@&g5). If the firm’s revenue levels are
high (in-the-money case) then an increase in \jatiot only hurts the net benefits of

debt but also reduces the option value on unlevasséts thus resulting in a monotonic

decrease in firm value.

[Insert table 2 here]

1% The differences in firm value between the diffenemority rules are negligible and hard to distiigh
using the numerical approach employed in this p&grce small oscillations exist in firm values not
enabling one to make a clear statement). Hackbath €007), however, show that firm values argtgly
higher under equal priority.

1 We loosely define moneyness by observing the sinaillvalues in the cas® = 10 and the large firm
values forP = 30. One can calculate the implied value of uated assets (without default) in each case
which gives further indication of this insight. Whe = 10 therv = 10/0.06 (1-0.35) = 108.33 while in the
in-the-money cas¥ = 30/0.06 (1-0.35)= 325. The investment costswgaltb 100.

16



Equity values appear to be decreasing in volatibtyout-of-the-money options but may
be increasing for in-the-money options (unlessg hiolatility exists). The behavior of
equity value as a function of volatility can be tbetunderstood if one looks at its
components. Equity value is the sum of unleverddevébefore netting the costs) and the
net benefits of debt minus the amount of first aadond debt value due. We note that the
value of unlevered assets and the net benefitelf ate both decreasing in volatility for
the out-of-the-money case which is the main drivimge for the inverse relationship of
equity value with volatility. Furthermore, this iense effect is exasperated in the out-of-
the-money case by the increase of the first dehievavith higher volatility which

increases the amount that equity holders needyto pa

For the out-of-the-money case the present valutheffirst debt issue is increasing in
volatility while the present value of the subsedud#bt issue is decreasing in volatility.
When the revenue levels are high (in-the-money)daigger volatility reduces the first
debt issue (except for high volatility levels) vehd decreasing relationship with volatility

is maintained for the second debt issue.

Besides these directional effects of volatility @bt values, it is also interesting to note
the relative levels of debt used under low or highatility levels between the first and
the second debt issue. As can be seen, when tioe aptelatively out-of-the-money and
the volatility is low the firm borrows conservatlyat first while the present value of the
second debt issue is much higher. The reverseeasfar high volatility levels where the
firm would optimally borrow heavily in the first e issue and less (in present value

terms) in the second debt issue.

It is a well-known result that a low volatility eahces debt values when the firm is at the
investment trigger and no future investment staigpdew (see for example, Leland,
1994). This is because of lower bankruptcy riskaluhénhances the net benefits of debt.
The relatively surprising result observed in tabléor the out-of-the-money case is that
the first debt issue increases with volatility. §hesult exists because another investment

stage follows and initial debt matures after theunty of the second investment stage.

17



This creates an option effect: an increase in iityagives the incentive for the firm to
borrow more heavily initially since the option valof repaying the remaining debt (and
obtaining remaining tax benefits net of bankruptogts) at the time of second stage
investment is now higher. This option effect obwlyuexists for both the out-of-the-
money case and the in-the-money case but it is mguertant in the former case since a
higher volatility makes the potential of the optiending up in-the-money more likely.
On the other hand, when the option is in-the-moaelpow volatility implies lower
bankruptcy risk while also keeps a larger probgbthat the option stays in-the-money.
This allows the firm to borrow more heavily. An rease in volatility in the in-the-
money case not only increases bankruptcy risk Isotiacreases the probability that the
option becomes out-of-the-money; these effectsltrasuthe firm borrowing more
conservatively on the first debt issue. With verghhlevels of volatility the high upside
option potential may dominate even for the in-theaey case and the firm chooses to

borrow heavily on the first debt issue.

We observe that the second debt issue is decremsigatility for both the out-of-the-
money and the in-the-money case. With no more stagmaining creating a similar
option effect as the one existing for the first iskue, an increase in volatility causes a
decrease in second debt values for a given reviauat reached at the second stage
investment. However, it is important to notice thiagre are still some other effects that
could affect this result. First, a higher volagilihay result in a potentially higher revenue
levels reached at the second stage and thus hpghtential debt value for the second
issue. However, the decision on how much debt taiolon the second debt issue is also
affected by the initial leverage level decisionc@wl, an increase in volatility affects the
probability of exercising the second stage investna@d thus the expected present value
of the second debt issue. Similarly, however, thisbability is also endogenously
affected by the firm’s choice of the first stagdtdievel. The observed results show that
the optimal firm’s choice of initial debt with high volatility results in a decrease in the
probability of exercising the second stage investm@&his is indicated by the lower
expected present value of the second stage costh whcrease for both the out-of-the-

money and the in-the-money case.
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Overall, with respect to leverage ratios we obsdinet the proportion of the first debt in
firm value as described by lgvs increasingn volatility for out-of-the-money options
and may have a U-shape for in-the-money optiong; Leapturing the proportion of the
second debt issue on firm value - shows to be deurg in volatility for out-of-the-
money options while it may be decreasing at leaistrfedium levels of volatility for in-
the-money options. Total leverage as captured b eghibits a U-shape for both out-
of-the-money and in-the-money options in relatiowadlatility.

Short term debt with and without debt constraints

In this subsection we focus on the short term delsse and analyze the impact of
financing constraints. Table 3 presents sensitigsults with respect to volatility for the
unconstrained case with debt maturity for both defties set short term (TB TD, =

5). For the short-term debt case we observe Heafitm optimally selects high coupon
levels which exceed current revenue levels. As el subsequently see, it implies that
debt financing constraints become binding. We albgerve that equity values (net
worth) is negative in this case. This is becausthefthigh coupon and debt levels used.
Firm values are higher than the long term debt ¢asell levels of volatility and for
different levels of moneyness. This is confirmedhwnore detailed tests of debt maturity
choice we have performed which shows that shor tdebt is optimal for both debt
issues. This result confirms an earlier result dfi#&di and Koussis (2010) for a single
debt issue, showing that for bank loans (no pricipayment involved) short term
maturity is preferred. This is also consistentwetpirical evidence by Altman, Gande
and Saunders (2006) and Rauh and Sufi (2008), witb that loans typically are of
shorter maturity than bonds and MacKay (2003) wiwn@l that firms relying more on

shorter term loans have higher leverage (althowgtelates this to agency reasons).

[Insert table 3 here]
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In contrast to the long term case, we observetttetJ-shape in firm value for the low
initial revenue caseP(=10) does not appear. This result holds becautie skiort term
debt firm values are at highest levels for the santial level of revenue used (a more in-
the-money project). Thus the U-shape would appearldwer values of the current
revenue level. For short-term debt equity valuesicreasing in volatility for both low
and high revenue level (in contrast to the longntelebt case). Debt values are strictly

decreasing and thus total leverage is reduced.

In the long-term case the second debt issue appeacge important for out-of-the-
money options with low volatility. In contrast, Wwitshort term debt, the initial and
subsequent debt values are at their highest letdtsw volatility and are decreasing in
volatility (with initial debt having a more importa contribution in value). The results
thus indicate that with short term debt equity leosdwant to accelerate the receipt of tax
benefits of debt. The fact that both debt issueshaw decreasing in volatility reinforces
the interpretation provided earlier regarding thetian effect of repaying initial debt
which exists in a multi-stage setting. Since in thse of short-term debt the initial debt
expires before the exercise of the second stagesiment this option effect is no longer

present.

Table 4 shows sensitivity results with respect otatrlity when the firm faces equity
financing constraints. We observe that for both tl-of-the-money and the in-the-
money case an increase in volatility reduces firalues by reducing the value of
unlevered assets and the tax benefits of debtrdardo avoid subsequent negative net
worth that would result in higher default risk,tial debt levels remain rather flat. Firm
values decrease as a function of volatility becahsedebt levels are more significantly
decreased than the equity increase. In contrastetminconstrained case where the firm
borrows heavily initially (ley high), with equity constraints the firm avoids lgatefault

by borrowing less heavily initially (leweduced) and increases leverage at the second

stage investment (lewncrease).

[Insert table 4 here]
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In Table 5 we observe the results in the presehdelut financing constraints. In the out-
of-the-money case an increase in volatility caumesancrease in firm value which is
caused by an increase in the option value of undelvassets (value of unlevered assets
net of expected costs). In this case a higher Nibjahelps alleviate the impact of
financing constraints which reduce the tax benedftslebt. We observe that both the
initial and subsequent debt are decreased butded ley remain rather flat with levl
being higher than Ie\like in the unconstrained case).

[Insert table 5 here]

In the in-the-money case an increase in volatilag little impact on firm value when the
firm faces debt financing constraints. This occhesause both the value of unlevered
assets and the net benefits of debt remain flat.inareased volatility keeps equity and
debt values practically unchanged. Levl is highantlev2 as in the case of out-of-the-

money option.

Compared to the unconstrained case the percentagdrdvalue is more substantial for
the out-of-the-money case. For in-the-money thelabs value drop is significant while
the percentage drop is less important than oub@frtioney case. In the unconstrained
case we observe that e much higher than levWhile this remains in the constrained

debt case this gap is now reduced.

The effect of time-to-build

In this subsection we investigate the impact ofetito-build on firm values in the

presence and in the absence of financing consdrdtinist, without financing constraints
the financing choices of the firm facing time-toHduestrictions are examined, in order
to understand whether the firm chooses to raiseerdebt in the presence of time-to-

build and whether the firm raises more debt atoégginning or at subsequent debt issues.
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Our second goal is to investigate the importancénaincing constraints when the firm

faces time-to-build restrictions and analyze thigstdhents in the financing policy.

Table 6 analyzes the case without financing comdsravith sensitivity with respect to
volatility and the opportunity cost-competitive sian. With time-to-build we assume
that the firm receives no cash flows until the pobjis completed, i.e., cash flows initiate
after the second investment is implemented. llse assumed that the useful life of the
project remains the same after completion of tlegept at 20 years so as to isolate the
effect of time-to-build. In all our numerical sinagions in this section we use short
maturity for both debt 1 and debt 2. In the bassecave observe that firm value, the
value of unlevered assets and net benefits of debtreduced with time-to-build.
Interestingly, debt 1 and debt 2 increase with #toxbuild and are only decreased in very
long time-to-build horizons. LeyLew, and Ley reflect this pattern of debt values since
they are increasing as time-to-build increasesthad remain flat for long time-to-build
horizons. Equity values are decreasing with timéddd reflecting the increase in the
debt due (except for very long time-to-build hongavhere debt due is decreased).

[Insert table 6 here]

Investigating the case of low volatility revealsrso interesting insights. Since we are
using short-term debt an increase in volatility \{gs shown in previous section) reduces
firm value. Based on standard real options modgl,(&ajd and Pindyck, 1987 and Bar-
llan and Strange, 1996 and 1998) with time-to-bwlde could expect that higher
volatility may have been beneficial in order torie&se the option value of completing the
project successfully. The results however show witt low volatility the firm borrows
more heavily to alleviate the impact of time-tolduiThis is reflected in the large
differentials between the low and high volatilitgse with respect to the tax benefits of
debt. The ability of the firm to raise more debtdan low volatility reduces the
percentage decrease in firm values at higher tovaatld horizons (compared to the high

volatility case). A similar effect exists for thase of lows. A low 6 reduces the impact
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of time-to-build on firm values since the debt ca@pais higher and the increase in the

tax benefits is more significant.

Table 7 investigates the impact of equity finanamegstraints in the presence of time-to-
build. The results show that equity financing coaists can cause severe reductions in
firm values in the presence of time-to-build. Hoe base case the decrease in firm value

reaches 31% for 5 year time-to-build horizon an%48r 10 years of time-to-build.

[Insert table 7 here]

For lower volatility the decrease in values is meegere. The reason is that at levhe
unconstrained firm would optimally choose to borrowore at t = 0 but that would
require additional equity financing (since for sostates the revenues would not suffice
to cover coupon payments). For this reason equngnting constraints indirectly impose
constraints on the optimal amount of leverage causihese severe reductions in firm
values. Interestingly, the firm in this case wilptmnally shift emphasis on obtaining

higher leverage in subsequent debt issues.

For lower opportunity cosbt the percentage reduction in firm values due toitgqu
constraints are less important (but still signifiga The reason for this smaller impact is
that with lower 6 the firm can more easily retain positive equitylueg at the
unconstrained levels (despite borrowing more hgawvVith loweré and for short time-
to-build the firm can retain positive equity valuegen using high initial debt levels.
However, as the time-to-build becomes longer thHessguent leverage level becomes

more important.

Table 8 analyzes the case with debt financing caimés and no equity constraints. Debt
financing constraints cause a decrease in valabadt 15-16% even for the case without
time-to-build. Time-to-build makes the impact ofbtlefinancing constraints more

significant reaching firm reductions of 33% for &ro-build of 5 years for the base case,

42% reduction for the low volatility case and 3686 the low opportunity cost case. The
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results also show that the initial leverage appeaose significant than the subsequent

leverage choice.

[Insert table 8 here]

With debt constraints we observe that the firm gadifferences between low and high
volatility are not significant. Low coupon levels@to the constraints reduce the risk of
bankruptcy (as indicated by the low bankruptcy €psten for the high volatility (base
case) thus values of unlevered assets, and taxXitisede not change with different
volatility levels. Leverage choices remain very i&amto the higher volatility case with

lev; being more important than lgv

When s is small bankruptcy is practically non-existentdese of the constrained low
levels of coupons used and the high debt capdctteifirm was not constrained. Debt

appears to be equally balanced between the ficstr@nsecond debt issue.

4. Conclusions

Using a dynamic investment options model with optimapital structure we
show that firms borrow more heavily when debt matus short and are thus more likely
to face financing constraints compared with lomgntelebt. With time-to-build the firm
increases leverage in order to reduce the impactet#fyed cash flow receipts due to
time-to-build. Time-to-build causes more significadnop in value when non-negative net
worth constraints exist in the case of low volatilnd high opportunity cost. With debt
constraints we observe that the firm value diffeeenbetween low and high volatility are
not significant. The joint impact of time-to-buildnd financing constraints causes

significant decreases in firm values.
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Figure 1. A graphical illustration of the forward-backward algorithm for multi-
stage investment issues with multiple debt issues
<—— Operational phase. T —»

Investment Stag Investment Stag
— ©b——>

Debt 1 starts

Debt1 may matur
before or afte
second investme
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Table 1. Accuracy of the numerical algorithm

o =0.10
0=0.20
o =0.30
o =0.40

o =0.10
o =0.20
o =0.30
o =0.40

o =0.10
0=0.20
0 =0.30
o =0.40

Notes: The model with no equity or debt constsaiatused with parameters are:=10, C = 0, risk-free rate= 0.06, competitive

erosiond = 0.06, investment cost= 50, 1,=50,b = 0.5, tax rate = 0.35 and T= 0, T, = 5 (time of second option relative to the

N=6
Firm
11.676
8.404
10.697
13.856

Firm
11.431
8.122
9.852
13.131

Unlevered
75.777
68.726
64.573
66.514

Unlevered
74.790
66.153
63.590
60.847

Unlevered
77.510
64.171
62.883
61.555

B
19.824
14.561
14.658
15.279

B
19.356
14.706
14.279
16.662

B
19.580
14.948
13.999
15.728

BC
1.381
1.692
2.312
3.416

BC
1.270
1.748
2171
3.863

BC
1.385
1.743
2.094
3.466

Equity
36.198
38.300
32.726
31.306

Equity
36.302
35.347
32.731
22177

Equity
38.375
32.926
32.698
25.414

Debt 1
22.602
18.379
25.630
26.405

Debt 1
22.213
21.613
25.257
37.816

Debt 1
17.557
24,712
24.921
33.889

Debt 2
35.419
24.915
18.563
20.666

Debt 2
34.361
22.152
17.710
13.652

Debt 2
39.772
19.738
17.169
14,514

Inv2
32.544
23.189
16.222
14.521

Inv2
31.604
20.909
15.469
10.085

Inv2
34.273
19.254
14.937
10.686

Coupon 1
2
2
35
4

Coupon 1
2
2.5
35
7

Coupon 1
15
3
35
6

Levl
0.24
0.23
0.33
0.34

Levl
0.24
0.27
0.33
0.51

Levl
0.18
0.32
0.33
0.46

first), Tr = 20 and debt maturitypl = 20 and P, = 15 assuming zero principal. An optimal couporch®sen based on. r20

discretization points for each price level with rimxm coupon level points being equal to the primeels (g.a.x = 40). The table

results investigate the accuracy of the modelféérént volatility levels using assumed= 1 (1 yearly decisions) and using;¥ 6,

12 and 24 steps per year.
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Lev2
0.38
0.31
0.24
0.26

Lev2
0.37
0.28
0.23
0.19

Lev2
0.42
0.26
0.23
0.20

Levy
0.62
0.53
0.57
0.60

Levy
0.61
0.55
0.57
0.70

Levy
0.60
0.57
0.56
0.66



Table 2. Long-term debt with debt interactions. Sensitivity to volatility

Out-of-the-money case (P = 10)

0 =0.10
0 =0.20
o =0.30
o =0.40

Firm
11.431
8.122
9.852
13.131

Unlevered
77.510
64.171
62.883
61.555

In-the-money case (P=30)

o=0.10
o=0.20
o =0.30
o =0.40

Firm
219.464
199.632
191.659
188.034

Unlevered
238.614
234.084
230.086
218.655

B
19.580
14.948
13.999
15.728

B
73.664
57.494
51.183
53.130

BC
1.385
1.743
2.094
3.466

BC
6.318
8.306
9.896

12.985

Equity
38.375
32.926
32.698
25.414

Equity
89.174
110.699
115.241
94.016

Debt 1
17.557
24.712
24.921
33.889

Debt 1
140.302
97.100
86.003
108.592

Debt 2
39.772
19.738
17.169
14.514

Debt 2
76.483
75.473
70.129
56.192

Invl
50
50
50
50

Invl
50
50
50
50

Inv2
34.273
19.254
14.937
10.686

Inv2
36.495
33.640
29.715
20.766

Coupon;
1.5

3.5

Coupon,
12

15

Lev,
0.18
0.32
0.33
0.46

Lev,
0.46
0.34
0.32
0.42

Notes: The model with no equity or debt constraistsised. Base case parameters Brel0 (out-of-money) oP = 30 (in-the-

money), C = 0, risk-free rate= 0.06, volatilityc = 0.2, competitive erosioh= 0.06, investment cost= 50, I,= 50,b = 0.5, tax rate
r=0.35and T=0, T, = 5 (time of second option relative to the firsf; = 20 and debt maturityp] = 20 and b, = 15 assuming

zero principal. An optimal coupon is chosen basedrp=20 discretization points for each price levelhnihaximum coupon level

points being equal to the price levelsAc 40). In all tables N.= 1 (yearly decisions) with N= 24 steps per year.
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Lev,
0.42
0.26
0.23
0.20

Lev,
0.25
0.27
0.26
0.22

Levt
0.60
0.57
0.56
0.66

Levt
0.71
0.61
0.58
0.64



Table 3. Short term debt with no constraints. Sensitivity to volatility

Out-of-the-money case (P = 10)

Firm Unlevered B BC Equity Debt 1 Debt 2 Invl Inv2 Coupon; Lev,
0 =0.10 42.776 79.275 48.971 2.497 -16.666  82.289 60.126 50 32.973 16.5 0.65
0 =0.20 34.600 74.358 39.691 5.624 -10.602  71.392 47.635 50 23.826 16 0.66
0=0.30 31.324 71.545 34.110 7.928 -7.660 69.885 35.501 50 16.402 18 0.72
o =0.40 31.170 70.621 31.914 7.883 -4.414 66.008 33.057 50 13.481 18 0.70

In-the-money case (P=30)

Firm  Unlevered B BC Equity Debt 1 Debt 2 Invl Inv2 Coupon; Lev,
0=0.10 327563 239.867 174.825 0.119 -85.046  311.372 188.246 50 37.009 60 0.75
0=020 305948 239.331 158.112 8.114 -70.534  290.180 169.683 50 33.382 58.5 0.75
0=030 281.229 235359 137.561 15.097 -50.305 270.946 137.182 50 26.594 60 0.76
0=040 261456 232.054 120.325 18.968 -29.342 239.926 122.827 50 21.954 57 0.72

Notes: The model with no equity or debt constraistsised. Base case parameters Brel0 (out-of-money) oP = 30 (in-the-
money), C = 0, risk-free rate= 0.06, volatilityc = 0.2, competitive erosioh= 0.06, investment cost= 50, I,= 50,b = 0.5, tax rate
r=0.35and T=0, T, =5 (time of second option relative to the firsf; = 20 and debt maturityp] = 5 and F, = 5 assuming zero
principal. An optimal coupon is chosen based @r=20 discretization points for each price levelhaibaximum coupon level points

being equal to the price levels,f¢= 40). In all tables N.= 1 (yearly decisions) with \N= 24 steps per year.
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Lev,
0.48
0.44
0.36
0.35

Lev,
0.45
0.44
0.38
0.37

Levy
1.13
1.10
1.08
1.05

Levy
1.21
1.18
1.14
1.09



Table 4. Short term debt with equity financing constraints: Sensitivity to volatility

Out-of-the-money cas®(= 10)

¢ =0.10
0 =0.20
o =0.30
o =0.40

Firm
31.037
26.521
25.687
24.783

Unlevered
79.813
75.918
73.651
70.621

In-the-money casd>E30)

o =0.10
o0 =0.20
o =0.30
o =0.40

Firm
262.944
246.437
238.636
227.516

Unlevered
239.867
239.845
238.742
236.392

B
37.319
31.386
28.337
25.231

B
111.901
97.930
90.632
81.142

BC
1.766
4.739
3.745
5.394

BC
3.165
7.525
10.115
12.759

Equity
6.973
8.151
13.534
12.975

Equity
25.721
42.926
50.195
60.181

Debt 1
41.641
43.397
41.104
41.002

Debt 1

117.089
108.555
119.431
107.942

Debt 2
66.751
51.017
43.604
36.481

Debt 2
205.792
178.769
149.634
136.652

Invl
50
50
50
50

Invl
50
50
50
50

Inv2
34.328
26.044
22.556
15.675

Inv2
35.659
33.813
30.624
27.259

Coupon,
8
9
9
10

Coupon;
225
21
24
225

Lev,
0.36
0.42
0.42
0.45

Lev,
0.34
0.33
0.37
0.35

Notes: The model with equity constraints (debt urst@ined) is used. Base case parameter®are0 (out-of-money) oP = 30 (in-
the-money), C = 0, risk-free rate= 0.06, volatilityc = 0.2, competitive erosiofi= 0.06, investment cost= 50, I,=50,b = 0.5, tax

rater = 0.35 and T=0, T, = 5 (time of second option relative to the firsf = 20 and debt maturityp] = 5 and F, = 5 assuming

zero principal. An optimal coupon is chosen basedrp=20 discretization points for each price levelhwihaximum coupon level

points being equal to the price levelsAc 40). In all tables N.= 1 (yearly decisions) with N= 24 steps per year.
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Lev,
0.58
0.50
0.44
0.40

Lev,
0.59
0.54
0.47
0.45

Levt
0.94
0.92
0.86
0.86

Levy
0.93
0.87
0.84
0.80



Table5. Short term debt with debt financing constraints: Sensitivity to volatility

Out-of-the-money cas®(= 10)

o =0.10
0=0.20
o =0.30
o =0.40

Firm
16.445
16.565
18.571
20.681

Unlevered
78.310
72.407
71.545
70.621

In-the-money casd>E30)

o=0.10
o0 =0.20
o =0.30
o =0.40

Firm
223.994
223.946
222.648
220.579

Unlevered
239.867
239.779
238.024
236.392

B
23.245
21.097
20.081
19.077

B
71.169
71.110
69.682
66.866

BC
0.055
0.540
1.009
1.247

BC
0.000
0.024
0.628
2.025

Equity
35.030
32.149
32.234
32.700

Equity
107.696
107.669
107.359
108.161

Debt 1
38.588
36.517
34.908
33.175

Debt 1
116.807
116.736
114.875
111.162

Notes: The model with debt constraints (withoutiggconstraints) is used

(in-the-money) , C = 0, risk-free rate= 0.06, volatilityc = 0.2, competitive erosiah= 0.06, investment cosf= 50, |,=50,b= 0.5,
tax rater = 0.35 and T= 0, T, = 5 (time of second option relative to the firsfjr = 20 and debt maturitypsT = 5 and F, =5
assuming zero principal. An optimal coupon is cinobased on $=20 discretization points for each price levelhmhaximum
coupon level points being equal to the price le¥elsx = 15) implying that coupons cannot exceed 75%ewénue (P) level at the
time of the financing decision. In all tableg.N= 1 (yearly decisions) with IN= 24 steps per year.

Debt 2
27.882
24.299
23.476
22.577

Debt 2
86.532
86.461
84.844
81.910

. Base case parameter®a®0 (out-of-money) oP = 30

Invl
50
50

50

Invl
50
50
50
50

Inv2
35.055
26.400
22.046
17.770

Inv2
37.041
36.919
34.430
30.654

Coupon;
7.5
7.5
7.5
7.5

Coupon,
22.5
22.5
22.5
22.5

Lev,
0.38
0.39
0.39
0.38

Lev,
0.38
0.38
0.37
0.37
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Lev,
0.27
0.26
0.26
0.26

Lev,
0.28
0.28
0.28
0.27

Levy
0.65
0.65
0.64
0.63

Levy
0.65
0.65
0.65
0.64



Table 6. Timeto-build without financing

parameters

Panel A: Base case

T,=0
T,=1
T,=2
T,=3
T,=4

Panel B: Lower volatility ¢

T,=0
T,=1
T,=2
T,=3
T,=4

Panel C: Lower opportunity cost €

T,=10

Firm
72.624
68.256
66.139
63.855
61.404
59.215
51.063
43.361
34.935
28.838
21.921

Firm
79.406
77.070
75.262
72.927
70.811
68.645
61.236
53.048
44.689
35.833
28.235

Firm
120.073
118.984
118.172
118.326
116.906
113.603
106.761

98.139
89.146
78.908
68.655

Unlevered

79.956
73.282
65.781
60.223
55.652
50.846
46.199
41.622
37.323
33.188
29.367

Unlevered

79.956
73.440
67.154
61.477
56.136
51.027
46.211
41.677
37.406
33.384
29.596

Unlevered

112.578
105.944
98.573
93.142
87.102
81.313
75.458
69.691
64.039
58.491
53.058

B
33.902
36.361
39.224
40.815
41.946
43.985
39.547
35.513
30.421
27.453
23.467

B
40.118
43.070
46.325
48.520
50.614
52.587
49.528
44.997
40.077
34.460
29.913

B
50.614
54.906
59.218
63.495
66.529
67.802
66.179
62.422
59.925
54.242
48.475

BC
1.234
2.632
2.129
1.798
1.781
3.122
2.917
2.706
2.413
2.176
1911

0.1)

BC
0.668
0.611
0.602
0.876
0.580
0.504
0.878
0.796
0.712
0.633
0.558

BC
3.120
3.075
2.453
1.856
1.291
0.939
1.429
1.314
3.666
3.328
2.999

Equity
14.527
0.491
-11.322
-19.171
-25.811
-37.085
-33.080
-29.743
-24.000
-22.149
-18.037

Equity
4.115
-7.770
-20.083
-30.383
-39.022
-47.642
-47.526
-43.482
-38.448
-31.879
-27.072

0.02)

Equity
12.340
-2.173
-16.310
-28.489
-39.035
-46.483
-50.303
-48.864
-54.582
-48.901
-42.966

Debt 1
49.665
57.813
69.032
69.411
67.493
73.999
66.920
59.753
50.301
45.403
38.298

Debt 1
57.980
79.899
84.985
89.384
87.111
87.066
79.386
71.698
64.018
53.793
46.118

Debt 1
75.426
93.384
100.722
100.222
103.007
103.140
101.990
99.401
98.335
90.935
81.130

constraints:
Debt 2 Invl
48.432 20
48.708 20
45.166 20
49.001 20
54.136 20
54.794 20
48.990 20
44.418 20
39.030 20
35.211 20
30.661 20
Debt 2 Invl
57.312 20
43.770 20
47.976 20
50.119 20
58.080 20
63.686 20
63.002 20
57.660 20
51.200 20
45.296 20
39.905 20
Debt 2 Invl
72.306 20
66.564 20
70.926 20
83.049 20
88.368 20
91.518 20
88.521 20
80.262 20
76.544 20
67.369 20
60.370 20

Sensitivity to model

Inv2
20.000
18.756
16.737
15.385
14.413
12.494
11.766
11.067
10.397

9.627
9.001

Inv2
20.000
18.830
17.616
16.194
15.358
14.464
13.625
12.829
12.082
11.378
10.715

Inv2
20.000
18.791
17.165
16.455
15.434
14.573
13.447
12.661
11.151
10.496

9.879

Coupon,

9.75
11.5
14
14
135
15.5
14
12.5
10.5
9.5

Coupon,
11.25
15.5
16.5
17.5
17
17
15.5
14
12.5
10.5

Coupon,
15
185
20
195
20
20
20
195
20
185
16.5

Lev,
0.44
0.54
0.67
0.70
0.70
0.81
0.81
0.80
0.77
0.78
0.75

Lev,
0.49
0.69
0.75
0.82
0.82
0.84
0.84
0.83
0.83
0.80
0.78

Lev,
0.47
0.59
0.65
0.65
0.68
0.70
0.73
0.76
0.82
0.83
0.82

Lev,
0.43
0.46
0.44
0.49
0.56
0.60
0.59
0.60
0.60
0.60
0.60

Lev,
0.48
0.38
0.43
0.46
0.55
0.62
0.66
0.67
0.67
0.67
0.68

Lev,
0.45
0.42
0.46
0.54
0.58
0.62
0.63
0.61
0.64
0.62
0.61

Notes: The model with no equity or debt constrmistused. Base case parametersRarel0 , C = 0, risk-free rate= 0.06, volatility

o = 0.2, competitive erosiof = 0.06, investment cost= 20, |,= 20,b = 0.5, tax rate = 0.35 and T=0,. T, ranges from 0 (no-

time-to-build) to time-to-build of 10 years. Wheme-to-build exists the firm foregoes all cash flowntil full completion of the

project. Useful life after the investment complatie constant atf= 20. Debt maturity §; = 5 and T, = 5 assuming zero principal.

An optimal coupon is chosen based op =80 discretization points for each price levelhmhaximum coupon level points being

equal to the price levelsqg = 40). In all tables N.= 1 (yearly decisions) with N= 12 steps per year.
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Levy
0.87
1.00
111
1.19
1.27
1.40
1.40
1.40
1.37
1.38
1.35

Levy
0.97
1.07
1.18
1.28
1.37
1.46
1.50
151
1.50
1.47
1.46

Levy
0.92
1.01
1.10
1.18
1.26
131
1.36
1.37
1.45
1.45
1.44



Table 7. Timeto-build with equity financing

parameters

Panel A: Base case

T,=0
T,=1
T,=2
T,=3
T,=4
T,=5
T,=6
T,=7

Firm
72.624
68.256
62.727
55.376
47.418
40.682
34.428
28.116
22.641
17.416
12.490

Unlevered

79.956
73.282
67.189
61.549
56.130
51.015
46.199
41.622
37.323
33.188
29.367

B
33.902
36.361
34.316
31.359
28.085
25.232
22.831
20.259
18.157
16.126
14.145

BC
1.234
2.632
1.512
1.276
1.618
1.274
1.149
1.063
1.007
0.656
0.794

Panel B: Lower volatility¢ = 0.1)

T,=0
T,=1
T,=2
T,=3
T,=4
T,=5
T,=6

T,=10

Firm
79.406
72.593
64.549
56.690
49.101
42.417
35.909
29.435
23.688
18.340
13.364

Unlevered

79.956
73.456
67.334
61.569
56.140
51.027
46.211
41.677
37.406
33.384
29.596

B
40.118
38.586
35.513
32.348
29.159
26.736
24.116
21.320
19.033
16.943
15.035

BC
0.668
0.612
0.559
0.522
0.466
0.584
0.464
0.421
0.375
0.332
0.291

Equity
14.527
0.491
0.434
0.758
0.736
1.608
1.499
1.872
1.588
1.928
1.508

Equity
4.115
0.572
0.263
0.451
1.055
0.206
0.496
1.240
1.308
1.254
1.091

Panel C: Lower opportunity cost € 0.02)

Firm
120.073
118.132
110.592
102.546

94.176
86.334
78.257
70.461
60.845
53.254
46.145

Unlevered

112.578
106.069
99.704
93.460
87.339
81.340
75.458
69.691
64.039
58.491
53.058

B
50.614
53.831
50.270
46.774
43.251
40.642
37.508
34.597
31.113
28.073
25.533

BC
3.120
2.936
1911
1.313
0.998
1.147
0.890
0.815
2.199
1.729
1.548

Equity
12.340
0.226
2.522
3.967
5.020
3.568
4.020
3.809
1.859
2.897
2.544

Debt 1
49.665
57.813
43.526
28.433
18.254
13.147
13.100
10.496
10.478
7.806
7.868

Debt 1
57.980
25.957
12.979
7.787
5.191
5.246
5.191
2.596
2.596
2.596
2.596

Debt 1
75.426
78.982
54.229
41.419
31.161
26.018
18.222
18.209
10.589
10.411
10.405

constraints: Sensitivity to model

Debt 2
48.432
48.708
56.034
62.441
63.607
60.217
53.281
48.450
42.408
38.923
33.342

Debt 2
57.312
84.900
89.047
85.157
78.587
71.727
64.175
58.740
52.160
46.145
40.653

Debt 2
72.306
77.756
91.312
93.533
93.411
91.248
89.835
81.456
80.505
71.527
64.094

Invl
20
20
20
20
20
20
20
20
20
20
20

Invl
20
20
20
20
20
20
20
20
20
20
20

Invl
20
20
20
20
20
20
20
20
20
20
20

Inv2
20.000
18.756
17.266
16.256
15.179
14.290
13.453
12.701
11.832
11.241
10.227

Inv2
20.000
18.835
17.738
16.705
15.733
14.762
13.953
13.141
12.376
11.655
10.976

Inv2
20.000
18.832
17.471
16.374
15.416
14.501
13.819
13.013
12.108
11.581
10.898

Coupon,
9.75
115

8.5
55
35
25
25
2
2
15
15

Coupon,;
11.25
5
25
15
1
1
1
0.5
0.5
0.5
0.5

Coupon;
15
155
105

Lev,
0.44
0.54
0.44
0.31
0.22
0.18
0.19
0.17
0.19
0.16
0.18

Lev,
0.49
0.23
0.13
0.08
0.06
0.07
0.07
0.04
0.05
0.05
0.06

Lev,
0.47
0.50
0.37
0.30
0.24
0.22
0.16
0.18
0.11
0.12
0.14

Notes: The model with equity constraints and na delbstraints is used. Base case parameter® a0 , C = 0, risk-free rate=

0.06, volatilitys = 0.2, competitive erosiah= 0.06, investment cost= 20, |I,=20,b= 0.5, tax rate = 0.35 and T=0,. T, ranges

from O (no-time-to-build) to time-to-build of 10egrs. When time-to-build exists the firm foregodiscash flows until full

completion of the project. Useful life after thevéstment completion is constant at 3 20. Debt maturity g1 = 5 and B, = 5

assuming zero principal. An optimal coupon is chobased on 51=20 discretization points for each price levelhmhaximum

coupon level points being equal to the price leygls = 40). In all tables N.= 1 (yearly decisions) with = 12 steps per year.
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Lev,
0.43
0.46
0.56
0.68
0.77
0.80
0.78
0.80
0.78
0.80
0.78

Lev,
0.48
0.76
0.87
0.91
0.93
0.93
0.92
0.94
0.93
0.92
0.92

Lev,
0.45
0.50
0.62
0.67
0.72
0.76
0.80
0.79
0.87
0.84
0.83

Levy
0.87
1.00
1.00
0.99
0.99
0.98
0.98
0.97
0.97
0.96
0.96

Levy
0.97
0.99
1.00
1.00
0.99
1.00
0.99
0.98
0.98
0.97
0.98

Levy
0.92
1.00
0.98
0.97
0.96
0.97
0.96
0.96
0.98
0.97
0.97



Table 8. Timeto-build with debt financing constraints. Sensitivity to model
parameters

Panel A: Base case

Firm Unlevered B BC Equity Debt 1 Debt 2 Invl Inv2 Coupon, Lev, Lev,
T,=0 66.997 79.956 27.140 0.098 29.357 38.869 38.771 20 20.000 75 0.36 0.36
T,=1 60.943 73.456 26.387 0.065 24.322 38.895 36.561 20 18.835 75 0.39 0.37
T,=2 55.246 67.302 25.677 0.017 19.583 38.896 34.483 20 17.717 7.5 0.42 0.37
T,=3 49.812 61.500 24.963 0.012 15.116 38.864 32.470 20 16.639 75 0.45 0.38
T,=4 44.654 56.057 24.238 0.065 10.913 38.805 30.511 20 15.575 7.5 0.48 0.38
T,=5 39.809 50.948 23.535 0.148 6.945 38.757 28.633 20 14.526 7.5 0.52 0.39
T,=6 35.137 46.144 22.788 0.278 3.266 38.590 26.798 20 13.517 7.5 0.56 0.39
T,=7 30.505 41.566 21.837 0.579 -0.148 38.168 24.803 20 12.318 7.5 0.61 0.39
T,=8 26.180 37.250 20.955 0.808 -3.283 37.730 22.951 20 11.218 7.5 0.66 0.40
T,=9 21.076 33.049 19.182 1.617 -5.808 36.158 20.264 20 9.538 7.5 0.71 0.40
T,=10 16.693 29.221 17.767 1.568 -6.911 33.501 18.830 20 8.727 7 0.74 0.41

Panel B: Lower volatility¢ = 0.1)

Firm  Unlevered B BC Equity Debt 1 Debt 2 Invl Inv2 Coupon, Lev, Lev,
T,=0 67.210 79.956 27.255 0.000 29.339 38.936 38.936 20 20.000 7.5 0.36 0.36
T,=1 61.082 73.456 26.461 0.000 24.313 38.936 36.668 20 18.835 7.5 0.39 0.37
T,=2 55.310 67.334 25.714 0.000 19.580 38.936 34.533 20 17.738 7.5 0.42 0.37
T,=3 49.874 61.569 25.010 0.000 15.122 38.936 32.522 20 16.705 7.5 0.45 0.38
T,=4 44.754 56.140 24.347 0.000 10.924 38.936 30.628 20 15.733 7.5 0.48 0.38
T,=5 39.933 51.027 23.723 0.000 6.970 38.936 28.844 20 14.816 7.5 0.52 0.39
T,=6 35.393 46.211 23.135 0.000 3.247 38.935 27.164 20 13.953 7.5 0.56 0.39
T,=7 31.117 41.677 22.581 0.000 -0.260 38.935 25.582 20 13.141 7.5 0.61 0.40
T,=8 27.083 37.406 22.052 0.006 -3.561 38.928 24.085 20 12.370 7.5 0.65 0.41
T,=9 23.224 33.383 21.497 0.053 -6.646 38.856 22.617 20 11.603 7.5 0.71 0.41
T,=10 18.429 29.595 19.821 0.272 -7.760 35.929 20.975 20 10.715 7 0.73 0.43

Panel C: Lower opportunity cost € 0.02)

Firm  Unlevered B BC Equity Debt 1 Debt 2 Invl Inv2 Coupon, Lev, Lev,
T,=0 99.832 112578  27.254 0.000 61.962 38.935 38.935 20 20.000 7.5 0.28 0.28
T=1 94.227 106.078  26.985 0.000 55.963 38.935 38.164 20 18.835 7.5 0.29 0.29
T,=2 88.689 99.707 26.720 0.000 50.083 38.935 37.409 20 17.738 7.5 0.31 0.30
T,=3 83.216 93.460 26.460 0.000 44.319 38.934 36.667 20 16.704 7.5 0.32 0.31
T,=4 77.813 87.337 26.205 0.001 38.669 38.933 35.940 20 15.729 7.5 0.34 0.32
T,=5 72.480 81.337 25.956 0.002 33.130 38.933 35.228 20 14.811 7.5 0.36 0.33
T,=6 67.215 75.456 25.707 0.007 27.700 38.931 34.525 20 13.940 7.5 0.38 0.34
T,=7 62.024 69.688 25.467 0.007 22.378 38.930 33.840 20 13.124 7.5 0.41 0.36
T,=8 56.905 64.022 25.230 0.006 17.155 38.929 33.162 20 12.341 7.5 0.44 0.37
T,=9 51.851 58.477 24.988 0.014 12.042 38.918 32.491 20 11.600 7.5 0.47 0.39
T,=10 46.876 53.015 24.750 0.018 7.014 38.913 31.820 20 10.871 7.5 0.50 0.41

Notes: The model with debt constraints (withoutiggeonstraints) is used. Base case parameter®ar#0 , C = 0, risk-free rate=
0.06, volatilitys = 0.2, competitive erosiah= 0.06, investment cost= 20, |I,=20,b= 0.5, tax rate = 0.35 and T=0,. T, ranges
from O (no-time-to-build) to time-to-build of 10egrs. When time-to-build exists the firm foregodiscash flows until full
completion of the project Useful life after the @stment completion is constant at  20. Debt maturity §; = 5 and 5, = 5
assuming zero principal. An optimal coupon is chobased on 51=20 discretization points for each price levelhmhaximum
coupon level points being equal to 75% of the piésels (G..x= 15) . In all tables N.= 1 (yearly decisions) with \N= 12 steps per

year.
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Levy
0.73
0.76
0.79
0.83
0.86
0.91
0.95
1.00
1.06
111
1.15

Levy
0.73
0.76
0.79
0.83
0.86
0.91
0.95
1.00
1.06
1.12
1.16

Levy
0.56
0.58
0.60
0.63
0.66
0.69
0.73
0.76
0.81
0.86
0.91



